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(57) Abstract: The disclosure relates to a 5G or 6G commu-
nication system for supporting a higher data transmission rate.
A method performed by a user equipment (UE) in a wireless
communication system in provided, the method comprising: re-
ceiving, from a base station, configuration information including
first information on a first resource block (RB) set for a physi-
cal feedback channel (PSFCH) transmission, second information
on a second RB set for the PSFCH transmission with conflict in-
formation, and PSFCH transmission type information associated
with an interlace within a RB set for the PSFCH transmission;
and transmitting a PSFCH based on the configuration informa-
tion, wherein in case that the PSFCH transmission type informa-
tion indicates a first type: all RBs of interlace for the PSFCH
transmission with hybrid automatic repeat request acknowledge-
ment (HARQ-ACK) information is identified based on the first
information, and all RBs of interlace for the PSFCH transmission
with the conflict information is identified based on the second
information.
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Description
Title of Invention: PHYSICAL SIDELINK

FEEDBACK CHANNEL MAPPING
Technical Field

The present disclosure relates generally to wireless communication systems and,
more specifically, the present disclosure is related to apparatuses and method for
physical sidelink feedback channel (PSFCH) mapping.

Background Art

Wireless communication has been one of the most successful innovations in modern
history. Recently, the number of subscribers to wireless communication services
exceeded five billion and continues to grow quickly. The demand of wireless data
traffic is rapidly increasing due to the growing popularity among consumers and
businesses of smart phones and other mobile data devices, such as tablets, "note
pad" computers, net books, eBook readers, and machine type of devices. In order
to meet the high growth in mobile data traffic and support new applications and
deployments, improvements in radio interface efficiency and coverage is of paramount
importance. To meet the demand for wireless data traffic having increased since
deployment of 4G communication systems, and to enable various vertical applications,
5G communication systems have been developed and are currently being deployed.

Sth generation (5G) or new radio (NR) mobile communications is recently gathering
increased momentum with all the worldwide technical activities on the various
candidate technologies from industry and academia. The candidate enablers for the
5SG/NR mobile communications include massive antenna technologies, from legacy
cellular frequency bands up to high frequencies, to provide beamforming gain and
support increased capacity, new waveform (e.g., a new radio access technology
(RAT)) to flexibly accommodate various services/applications with different
requirements, new multiple access schemes to support massive connections, and so on.

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 28 GHz 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.
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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
efficiently 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
convenience, 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
unavailable, and positioning.

Moreover, there has been ongoing standardization in air interface architecture/
protocol regarding technologies such as Industrial Internet of Things (IloT) 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,
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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.
Disclosure of Invention

Solution to Problem

A method performed by a user equipment (UE) in a wireless communication system,
the method comprising: receiving, from a base station, configuration information
including first information on a first resource block (RB) set for a physical feedback
channel (PSFCH) transmission, second information on a second RB set for the PSFCH
transmission with conflict information, and PSFCH transmission type information
associated with an interlace within a RB set for the PSFCH transmission; and
transmitting a PSFCH based on the configuration information, wherein in case that the
PSFCH transmission type information indicates a first type: all RBs of interlace for the
PSFCH transmission with hybrid automatic repeat request acknowledgement (HARQ-
ACK) information is identified based on the first information, and all RBs of interlace
for the PSFCH transmission with the conflict information is identified based on the
second information.

A user equipment (UE) in a wireless communication system, the UE comprising:
a transceiver; and a controller coupled with the transceiver, wherein the controller
is configured to: receive, from a base station, configuration information including
first information on a first resource block (RB) set for a physical feedback channel
(PSFCH) transmission, second information on a second RB set for the PSFCH
transmission with conflict information, and PSFCH transmission type information
associated with an interlace within a RB set for the PSFCH transmission, and transmit
a PSFCH based on the configuration information, wherein in case that the PSFCH
transmission type information indicates a first type: all RBs of interlace for the PSFCH
transmission with hybrid automatic repeat request acknowledgement (HARQ-ACK)
information is identified based on the first information, and all RBs of interlace for the
PSFCH transmission with the conflict information is identified based on the second

information.

Brief Description of Drawings



WO 2025/014331 PCT/KR2024/010048

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]
[22]

For a more complete understanding of the present disclosure and its advantages,
reference is now made to the following description taken in conjunction with the
accompanying drawings, in which like reference numerals represent like parts:

FIGURE 1 illustrates an example wireless network according to embodiments of the
present disclosure;

FIGURE 2 illustrates an example gNodeB (gNB) according to embodiments of the
present disclosure;

FIGURE 3 illustrates an example user equipment (UE) according to embodiments of
the present disclosure;

FIGURE 4A and 4B illustrates an example of a wireless transmit and receive paths
according to embodiments of the present disclosure;

FIGURE 5 illustrates a diagram of an example time domain resource determination
for PSFCH according to embodiments of the present disclosure;

FIGURE 6 illustrates a diagram of an example frequency domain resource mapping
for PSFCH according to embodiments of the present disclosure; and

FIGURE 7 illustrates a flowchart of an example UE procedure for PSFCH
transmission/reception according to embodiments of the present disclosure.

FIGURE 8§ illustrates a structure of a UE according to an embodiment of the
disclosure.

FIGURE 9 illustrates a structure of a base station according to an embodiment of the

disclosure.

Best Mode for Carrying out the Invention

The present disclosure relates to PSFCH mapping.

In one embodiment, a user equipment (UE) in a wireless communication system is
provided. The UE includes a transceiver configured to receive higher layer parameters
and a processor operably coupled to the transceiver. The processor is configured
to determine whether a first higher layer parameter is included in the higher layer
parameters; determine, based on the first higher layer parameter from the higher
layer parameters, a PSFCH transmission type when the first higher layer parameter
is included in the higher layer parameters, determine a resource block (RB) set for a
transmission of a PSFCH, and determine RBs in the RB set used for the transmission
of the PSFCH based on the PSFCH transmission type. All RBs in a first interlace
are used for the transmission of the PSFCH when the PSFCH transmission type is
a first type or RBs in a second interlace and RBs in a third interlace are used for the
transmission of the PSFCH when the PSFCH transmission type is a second type. The
transceiver is further configured to transmit the PSFCH according to the RBs in the RB

set.
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In yet another embodiment, a method of a UE in a wireless communication system is
provided. The method includes receiving higher layer parameters; determining whether
a first higher layer parameter is included in the higher layer parameters; determining,
based on the first higher layer parameter from the higher layer parameters, a PSFCH
transmission type when the first higher layer parameter is included in the higher layer
parameters; determining a RB set for a transmission of a PSFCH; determining RBs in
the RB set used for the transmission of the PSFCH based on the PSFCH transmission
type. All RBs in a first interlace are used for the transmission of the PSFCH when the
PSFCH transmission type is a first type or RBs in a second interlace and RBs in a third
interlace are used for the transmission of the PSFCH when the PSFCH transmission
type is a second type. The method further includes transmitting the PSFCH according
to the RBs in the RB set.

Other technical features may be readily apparent to one skilled in the art from the
following figures, descriptions, and claims.

Mode for the Invention

Before undertaking the DETAILED DESCRIPTION below, it may be advantageous
to set forth definitions of certain words and phrases used throughout this patent
document. The term "couple" and its derivatives refer to any direct or indirect
communication between two or more elements, whether or not those elements

"o

are in physical contact with one another. The terms "transmit,"” "receive,” and
"communicate,” as well as derivatives thereof, encompass both direct and indirect
communication. The terms "include" and "comprise," as well as derivatives thereof,
mean inclusion without limitation. The term "or" is inclusive, meaning and/or. The
phrase "associated with," as well as derivatives thereof, means 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 proximate to, be
bound to or with, have, have a property of, have a relationship to or with, or the like.
The term "controller" means any device, system, or part thereof that controls at least
one operation. Such a controller may be implemented in hardware or a combination
of hardware and software and/or firmware. The functionality associated with any
particular controller may be centralized or distributed, whether locally or remotely.
The phrase "at least one of," when used with a list of items, means that different
combinations of one or more of the listed items may be used, and only one item in the
list may be needed. For example, "at least one of: A, B, and C" includes any of the
following combinations: A, B, C, A and B, A and C, B and C, and A and B and C.
Moreover, various functions described below can be implemented or supported by

one or more computer programs, each of which is formed from computer readable
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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 other 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.

FIGURES 1-7, discussed below, and the various, non-limiting embodiments used
to describe the principles of the present disclosure in this patent document are by way
of illustration 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.

To meet the demand for wireless data traffic having increased since deployment
of 4G communication systems and to enable various vertical applications, 5G/NR
communication systems have been developed and are currently being deployed. The
SG/NR communication system is considered to be implemented in higher frequency
(mmWave) bands, e.g., 28 GHz or 60GHz bands, so as to accomplish higher data rates
or in lower frequency bands, such as 6 GHz, to enable robust coverage and mobility
support. To decrease propagation loss of the radio waves and increase the transmission
distance, the beamforming, massive multiple-input multiple-output (MIMO), full
dimensional MIMO (FD-MIMO), array antenna, an analog beam forming, large scale
antenna techniques are discussed in SG/NR communication systems.

In addition, in SG/NR communication systems, development for system network
improvement is under way based on advanced small cells, cloud radio access networks
(RANS), ultra-dense networks, device-to-device (D2D) communication, wireless
backhaul, moving network, cooperative communication, coordinated multi-points

(CoMP), reception-end interference cancelation and the like.
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The discussion of 5G systems and frequency bands associated therewith is for
reference as certain embodiments of the present disclosure may be implemented in
5G systems.  However, the present disclosure is not limited to 5G systems, or the
frequency bands associated therewith, and embodiments of the present disclosure may
be utilized in connection with any frequency band. For example, aspects of the present
disclosure may also be applied to deployment of 5G communication systems, 6G or
even later releases which may use terahertz (THz) bands.

The following documents and standards descriptions are hereby incorporated by
reference into the present disclosure as if fully set forth herein: [1] 3GPP TS 38.211
v17.1.0, "NR; Physical channels and modulation;"[2] 3GPP TS 38.212 v17.1.0, "NR;
Multiplexing and channel coding;" [3] 3GPP TS 38.213 v17.1.0, "NR; Physical layer
procedures for control;” [4] 3GPP TS 38.214 v17.1.0, "NR; Physical layer procedures
for data;" and [5] 3GPP TS 38.331 v17.1.0, "NR; Radio Resource Control (RRC)
protocol specification;"

In addition, in SG/NR communication systems, development for system network
improvement is under way based on advanced small cells, cloud radio access networks
(RANS), ultra-dense networks, device-to-device (D2D) communication, wireless
backhaul, moving network, cooperative communication, coordinated multi-points
(CoMP), reception-end interference cancelation and the like.

The discussion of 5G systems and frequency bands associated therewith is for
reference as certain embodiments of the present disclosure may be implemented in
5G systems.  However, the present disclosure is not limited to 5G systems, or the
frequency bands associated therewith, and embodiments of the present disclosure may
be utilized in connection with any frequency band. For example, aspects of the present
disclosure may also be applied to deployment of 5G communication systems, 6G or
even later releases which may use terahertz (THz) bands.

FIGURES 1-3 below describe various embodiments implemented in wireless
communications systems and with the use of orthogonal frequency division
multiplexing (OFDM) or orthogonal frequency division multiple access (OFDMA)
communication techniques. The descriptions of FIGURES 1-3 are not meant to imply
physical or architectural limitations to the manner in which different embodiments may
be implemented. Different embodiments of the present disclosure may be implemented
in any suitably arranged communications system.

FIGURE 1 illustrates an example wireless network 100 according to embodiments
of the present disclosure. The embodiment of the wireless network 100 shown in
FIGURE 1 is for illustration only. Other embodiments of the wireless network 100

could be used without departing from the scope of this disclosure.
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[37] As shown in FIGURE 1, the wireless network 100 includes a gNB 101 (e.g., base
station, BS), a gNB 102, and a gNB 103. The gNB 101 communicates with the gNB
102 and the gNB 103. The gNB 101 also communicates with at least one network
130, such as the Internet, a proprietary Internet Protocol (IP) network, or other data
network.

[38] The gNB 102 provides wireless broadband access to the network 130 for a first
plurality of user equipments (UEs) within a coverage area 120 of the gNB 102. The
first plurality of UEs includes a UE 111, which may be located in a small business;

a UE 112, which may be located in an enterprise; a UE 113, which may be a WiFi
hotspot; a UE 114, which may be located in a first residence; a UE 115, which may
be located in a second residence; and a UE 116, which may be a mobile device, such
as a cell phone, a wireless laptop, a wireless PDA, or the like. The gNB 103 provides
wireless broadband access to the network 130 for a second plurality of UEs within

a coverage area 125 of the gNB 103. The second plurality of UEs includes the UE
115 and the UE 116. In some embodiments, one or more of the gNBs 101-103 may
communicate with each other and with the UEs 111-116 using SG/NR, long term
evolution (LTE), long term evolution-advanced (LTE-A), WiMAX, WiFi, or other
wireless communication techniques.

[39] Depending on the network type, the term "base station" or "BS" can refer to any
component (or collection of components) configured to provide wireless access to a
network, such as transmit point (TP), transmit-receive point (TRP), an enhanced base
station (eNodeB or eNB), a 5G/NR base station (gNB), a macrocell, a femtocell, a
WiFi access point (AP), or other wirelessly enabled devices. Base stations may provide

wireless access in accordance with one or more wireless communication protocols,

e.g., SG/NR 3" generation partnership project (3GPP) NR, long term evolution (LTE),
LTE advanced (LTE-A), high speed packet access (HSPA), Wi-Fi 802.11a/b/g/n/ac,
etc. For the sake of convenience, the terms "BS" and "TRP" are used interchangeably
in this patent document to refer to network infrastructure components that provide
wireless access to remote terminals. Also, depending on the network type, the term
"user equipment” or "UE" can refer to any component such as "mobile station,"

"o

"subscriber station,"” "remote terminal," "wireless terminal," "receive point," or "user
device." For the sake of convenience, the terms "user equipment” and "UE" are used
in this patent document to refer to remote wireless equipment that wirelessly accesses
a BS, whether the UE is a mobile device (such as a mobile telephone or smartphone)
or is normally considered a stationary device (such as a desktop computer or vending
machine).

[40] Dotted lines show the approximate extents of the coverage areas 120 and 125, which

are shown as approximately circular for the purposes of illustration and explanation
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only. It should be clearly understood that the coverage areas associated with gNBs,
such as the coverage areas 120 and 125, may have other shapes, including irregular
shapes, depending upon the configuration of the gNBs and variations in the radio
environment associated with natural and man-made obstructions.

As described in more detail below, one or more of the UEs 111-116 include circuitry,
programing, or a combination thereof for performing PSFCH mapping. In certain
embodiments, one or more of the BSs 101-103 include circuitry, programing, or a
combination thereof for supporting PSFCH mapping.

Although FIGURE 1 illustrates one example of a wireless network, various changes
may be made to FIGURE 1. For example, the wireless network 100 could include any
number of gNBs and any number of UEs in any suitable arrangement. Also, the gNB
101 could communicate directly with any number of UEs and provide those UEs with
wireless broadband access to the network 130. Similarly, each gNB 102-103 could
communicate directly with the network 130 and provide UEs with direct wireless
broadband access to the network 130. Further, the gNBs 101, 102, and/or 103 could
provide access to other or additional external networks, such as external telephone
networks or other types of data networks.

As discussed in greater detail below, the wireless network 100 may have
communications facilitated via one or more devices (e.g., UEs 111A to 111C) that
may have a SL. communication with the UE 111. The UE 111 can communicate
directly with the UEs 111A to 111C through a set of SLs (e.g., SL interfaces) to
provide sideline communication, for example, in situations where the UEs 111A to
111C are remotely located or otherwise in need of facilitation for network access
connections (e.g., BS 102) beyond or in addition to common fronthaul and/or backhaul
connections/interfaces. In one example, the UE 111 can have direct communication,
through the SL. communication, with UEs 111A to 111C with or without support by
the BS 102. Various of the UEs (e.g., as depicted by UEs 112 to 116) may be capable
of one or more communication with their other UEs (such as UEs 111A to 111C as for
UE 111).

FIGURE 2 illustrates an example gNB 102 according to embodiments of the
present disclosure. The embodiment of the gNB 102 illustrated in FIGURE 2 is for
illustration only, and the gNBs 101 and 103 of FIGURE 1 could have the same or
similar configuration. However, gNBs come in a wide variety of configurations, and
FIGURE 2 does not limit the scope of this disclosure to any particular implementation
of a gNB.

As shown in FIGURE 2, the gNB 102 includes multiple antennas 205a-2035n,
multiple transceivers 210a-210n, a controller/processor 225, a memory 230, and a

backhaul or network interface 235.
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The transceivers 210a-210n receive, from the antennas 205a-205n, incoming
radio frequency (RF) signals, such as signals transmitted by UEs in the network
100. The transceivers 210a-210n down-convert the incoming RF signals to generate
IF or baseband signals. The IF or baseband signals are processed by receive (RX)
processing circuitry in the transceivers 210a-210n and/or controller/processor 225,
which generates processed baseband signals by filtering, decoding, and/or digitizing
the baseband or IF signals. The controller/processor 225 may further process the
baseband signals.

Transmit (TX) processing circuitry in the transceivers 210a-210n and/or controller/
processor 225 receives analog or digital data (such as voice data, web data, e-mail, or
interactive video game data) from the controller/processor 225. The TX processing
circuitry encodes, multiplexes, and/or digitizes the outgoing baseband data to generate
processed baseband or IF signals. The transceivers 210a-210n up-converts the
baseband or IF signals to RF signals that are transmitted via the antennas 205a-205n.

The controller/processor 225 can include one or more processors or other processing
devices that control the overall operation of the gNB 102. For example, the controller/
processor 225 could control the reception of UL channel signals and the transmission
of DL channel signals by the transceivers 210a-210n in accordance with well-known
principles. The controller/processor 225 could support additional functions as well,
such as more advanced wireless communication functions. For instance, the controller/
processor 225 could support beam forming or directional routing operations in
which outgoing/incoming signals from/to multiple antennas 205a-205n are weighted
differently to effectively steer the outgoing signals in a desired direction. As another
example, the controller/processor 225 could support methods for supporting PSFCH
mapping. Any of a wide variety of other functions could be supported in the gNB 102
by the controller/processor 225.

The controller/processor 225 is also capable of executing programs and other
processes resident in the memory 230, such as PSFCH mapping. The controller/
processor 225 can move data into or out of the memory 230 as required by an
executing process.

The controller/processor 225 is also coupled to the backhaul or network interface
235. The backhaul or network interface 235 allows the gNB 102 to communicate with
other devices or systems over a backhaul connection or over a network. The interface
235 could support communications over any suitable wired or wireless connection(s).
For example, when the gNB 102 is implemented as part of a cellular communication
system (such as one supporting SG/NR, LTE, or LTE-A), the interface 235 could
allow the gNB 102 to communicate with other gNBs over a wired or wireless backhaul

connection. When the gNB 102 is implemented as an access point, the interface 235
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could allow the gNB 102 to communicate over a wired or wireless local area network
or over a wired or wireless connection to a larger network (such as the Internet). The
interface 235 includes any suitable structure supporting communications over a wired
or wireless connection, such as an Ethernet or transceiver.

The memory 230 is coupled to the controller/processor 225. Part of the memory
230 could include a RAM, and another part of the memory 230 could include a Flash
memory or other ROM.

Although FIGURE 2 illustrates one example of gNB 102, various changes may be
made to FIGURE 2. For example, the gNB 102 could include any number of each
component shown in FIGURE 2. Also, various components in FIGURE 2 could be
combined, further subdivided, or omitted and additional components could be added
according to particular needs.

FIGURE 3 illustrates an example UE 116 according to embodiments of the present
disclosure. The embodiment of the UE 116 illustrated in FIGURE 3 is for illustration
only, and the UEs 111-115 of FIGURE 1 could have the same or similar configuration.
However, UEs come in a wide variety of configurations, and FIGURE 3 does not limit
the scope of this disclosure to any particular implementation of a UE.

As shown in FIGURE 3, the UE 116 includes antenna(s) 305, a transceiver(s) 310,
and a microphone 320. The UE 116 also includes a speaker 330, a processor 340, an
input/output (I/O) interface (IF) 345, an input 350, a display 355, and a memory 360.
The memory 360 includes an operating system (OS) 361 and one or more applications
362.

The transceiver(s) 310 receives from the antenna(s) 305, an incoming RF signal
transmitted by a gNB of the network 100 or by other UEs (e.g., one or more of UEs
111-115) on a SL channel. The transceiver(s) 310 down-converts the incoming
RF signal to generate an intermediate frequency (IF) or baseband signal. The IF or
baseband signal is processed by RX processing circuitry in the transceiver(s) 310 and/
or processor 340, which generates a processed baseband signal by filtering, decoding,
and/or digitizing the baseband or IF signal. The RX processing circuitry sends the
processed baseband signal to the speaker 330 (such as for voice data) or is processed
by the processor 340 (such as for web browsing data).

TX processing circuitry in the transceiver(s) 310 and/or processor 340 receives
analog or digital voice data from the microphone 320 or other outgoing baseband data
(such as web data, e-mail, or interactive video game data) from the processor 340. The
TX processing circuitry encodes, multiplexes, and/or digitizes the outgoing baseband
data to generate a processed baseband or IF signal. The transceiver(s) 310 up-converts

the baseband or IF signal to an RF signal that is transmitted via the antenna(s) 305.
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The processor 340 can include one or more processors or other processing devices
and execute the OS 361 stored in the memory 360 in order to control the overall
operation of the UE 116. For example, the processor 340 could control the reception of
DL and/or SL channels and/or signals and the transmission of UL and/or SL channels
and/or signals by the transceiver(s) 310 in accordance with well-known principles.

In some embodiments, the processor 340 includes at least one microprocessor or
microcontroller.

The processor 340 is also capable of executing other processes and programs
resident in the memory 360. For example, the processor 340 may execute processes for
supporting or utilizing PSFCH mapping as described in embodiments of the present
disclosure. The processor 340 can move data into or out of the memory 360 as required
by an executing process. In some embodiments, the processor 340 is configured to
execute the applications 362 based on the OS 361 or in response to signals received
from gNBs or an operator. The processor 340 is also coupled to the 1/0O interface 345,
which provides the UE 116 with the ability to connect to other devices, such as laptop
computers and handheld computers. The I/O interface 345 is the communication path
between these accessories and the processor 340.

The processor 340 is also coupled to the input 350, which includes for example, a
touchscreen, keypad, etc., and the display 355. The operator of the UE 116 can use
the input 350 to enter data into the UE 116. The display 355 may be a liquid crystal
display, light emitting diode display, or other display capable of rendering text and/or
at least limited graphics, such as from web sites.

The memory 360 is coupled to the processor 340. Part of the memory 360 could
include a random-access memory (RAM), and another part of the memory 360 could
include a Flash memory or other read-only memory (ROM).

Although FIGURE 3 illustrates one example of UE 116, various changes may
be made to FIGURE 3. For example, various components in FIGURE 3 could be
combined, further subdivided, or omitted and additional components could be added
according to particular needs. As a particular example, the processor 340 could
be divided into multiple processors, such as one or more central processing units
(CPUs) and one or more graphics processing units (GPUs). In another example, the
transceiver(s) 310 may include any number of transceivers and signal processing
chains and may be connected to any number of antennas. Also, while FIGURE 3
illustrates the UE 116 configured as a mobile telephone or smartphone, UEs could be
configured to operate as other types of mobile or stationary devices.

FIGURE 4A and FIGURE 4B illustrate an example of wireless transmit and receive
paths 400 and 450, respectively, according to embodiments of the present disclosure.

For example, a transmit path 400 may be described as being implemented in a gNB
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(such as gNB 102), while a receive path 450 may be described as being implemented
in a UE (such as UE 116). However, it will be understood that the receive path 450
can be implemented in a gNB and that the transmit path 400 can be implemented in a
UE. It may also be understood that the receive path 450 can be implemented in a first
UE and that the transmit path 400 can be implemented in a second UE to support SL
communications. In some embodiments, the transmit path 400 and/or receive path 450
is configured to support PSFCH mapping as described in embodiments of the present
disclosure.

As illustrated in FIGURE 4A, the transmit path 400 includes a channel coding and
modulation block 203, a serial-to-parallel (S-to-P) block 410, a size N Inverse Fast
Fourier Transform (IFFT) block 415, a parallel-to-serial (P-to-S) block 420, an add
cyclic prefix block 425, and an up-converter (UC) 430. The receive path 250 includes a
down-converter (DC) 455, a remove cyclic prefix block 460, a S-to-P block 465, a size
N Fast Fourier Transform (FFT) block 470, a parallel-to-serial (P-to-S) block 475, and
a channel decoding and demodulation block 480.

In the transmit path 400, the channel coding and modulation block 405 receives a
set of information bits, applies coding (such as a low-density parity check (LDPC)
coding), and modulates the input bits (such as with Quadrature Phase Shift Keying
(QPSK) or Quadrature Amplitude Modulation (QAM)) to generate a sequence of
frequency-domain modulation symbols. The serial-to-parallel block 410 converts (such
as de-multiplexes) the serial modulated symbols to parallel data in order to generate
N parallel symbol streams, where N is the IFFT/FFT size used in the gNB 102 and
the UE 116. The size N IFFT block 415 performs an IFFT operation on the N parallel
symbol streams to generate time-domain output signals. The parallel-to-serial block
420 converts (such as multiplexes) the parallel time-domain output symbols from the
size N IFFT block 415 in order to generate a serial time-domain signal. The add cyclic
prefix block 425 inserts a cyclic prefix to the time-domain signal. The up-converter
430 modulates (such as up-converts) the output of the add cyclic prefix block 425 to a
RF frequency for transmission via a wireless channel. The signal may also be filtered
at a baseband before conversion to the RF frequency.

As illustrated in FIGURE 4B, the down-converter 455 down-converts the received
signal to a baseband frequency, and the remove cyclic prefix block 460 removes
the cyclic prefix to generate a serial time-domain baseband signal. The serial-to-
parallel block 465 converts the time-domain baseband signal to parallel time-domain
signals. The size N FFT block 470 performs an FFT algorithm to generate N parallel
frequency-domain signals. The (P-to-S) block 475 converts the parallel frequency-

domain signals to a sequence of modulated data symbols. The channel decoding and
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demodulation block 480 demodulates and decodes the modulated symbols to recover
the original input data stream.

Each of the gNBs 101-103 may implement a transmit path 400 that is analogous to
transmitting in the downlink to UEs 111-116 and may implement a receive path 450
that is analogous to receiving in the uplink from UEs 111-116. Similarly, each of UEs
111-116 may implement a transmit path 400 for transmitting in the uplink to gNBs
101-103 and may implement a receive path 450 for receiving in the downlink from
gNBs 101-103.

Each of the components in FIGURES 4A and 4B can be implemented using
only hardware or using a combination of hardware and software/firmware. As
a particular example, at least some of the components in FIGURES 4A and 4B
may be implemented in software, while other components may be implemented
by configurable hardware or a mixture of software and configurable hardware.

For instance, the FFT block 470 and the IFFT block 415 may be implemented
as configurable software algorithms, where the value of size N may be modified
according to the implementation.

Furthermore, although described as using FFT and IFFT, this is by way of illustration
only and should not be construed to limit the scope of this disclosure. Other types of
transforms, such as Discrete Fourier Transform (DFT) and Inverse Discrete Fourier
Transform (IDFT) functions, can be used. It will be appreciated that the value of the
variable N may be any integer number (such as 1, 2, 3, 4, or the like) for DFT and
IDFT functions, while the value of the variable N may be any integer number that is a
power of two (such as 1, 2, 4, 8, 16, or the like) for FFT and IFFT functions.

Although FIGURES 4A and 4B illustrate examples of wireless transmit and receive
paths 400 and 450, respectively, various changes may be made to FIGURES 4A and
4B. For example, various components in FIGURES 4A and 4B can be combined,
further subdivided, or omitted and additional components can be added according to
particular needs. Also, FIGURES 4A and 4B are meant to illustrate examples of the
types of transmit and receive paths that can be used in a wireless network. Any other
suitable architectures can be used to support wireless communications in a wireless
network.

FIGURE 5 illustrates a diagram of an example time domain resource determination
500 for PSFCH according to embodiments of the present disclosure. For example,
time domain resource allocation 500 for PSFCH can be utilized by any of the UEs
111-111C, such as the UE 111A. This example is for illustration only and other
embodiments can be used without departing from the scope of the present disclosure.

In time domain, the UE (e.g., the UE 111) can be provided with a number of slots
(e.g., sI-PSFCH-Period) in the resource pool for a period of PSFCH transmission
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occasion resources. A slot in the resource pool is determined as containing a PSFCH
transmission occasion if the relative slot index within the resource pool is an integer
multiple of the period of PSFCH transmission occasion with at least a number of slots
provided by sl-MinTimeGapPSFCH after the last slot of the physical sidelink shared
channel (PSSCH) reception. PSFCH is transmitted in two contiguous symbols in a slot,
wherein the second symbol is with index startSLsymbols+ lengthSLsymbols - 2 and the
two symbols are repeated.

FIGURE 6 illustrates a diagram of an example frequency domain resource mapping
600 for PSFCH according to embodiments of the present disclosure. For example,
frequency domain resource allocation 600 for PSFCH can be utilized by any of the
UEs 111-111C, such as the UE 111B. This example is for illustration only and other
embodiments can be used without departing from the scope of the present disclosure.

In frequency domain, a PSFCH is transmitted in a single physical resource block

(PRB), wherein the PRB is determined from a set of ypsrci PRBs based on an

indication of a bitmap (e.g., s/-PSFCH-RB-Set). The UE determines a mapping from
slot ; (within ypseci slots provided by sl-PSFCH-Period) and sub-channel ; (within

Ny Sub-channels provided by sl-NumSubchannel) to a subset of PRBs within the set

of ysren — wherein the subset of PRBs are with index from (i+) NGy - progrct to
PRB, set> L+ ] Npssch subch, slot

, . SFC ith g,PSFCH _ prPSECH psecily - The UE determines
(b+ 1+ NESES) - M2SECH | — 1, WL MRk ot = MBRD, et (Nyubeh - NESSCH) - U

a number of PSFCH resources available for multiplexing hybrid automatic repeat
request acknowledgement (HARQ-ACK) information in a PSFCH transmission

as prsecH _ wpseci ygpsicH | upsecH wherein ypsee is determined based on the type of
RPRB,C =N M NCS ’ Ntype

S type subch, slot

resources that the PSFCH is associated with and ypsrct is a number of cyclic shift

pairs for the resource pool provided by s/-NumMuxCS-Pair. The UE determines
an index of a PSFCH resource for a PSFCH transmission in response to a PSSCH

reception as (p, + M) mod RESECH, where p;, is the source ID provided by the sidelink

control information (SCI) scheduling the PSSCH and p;,, is the PSSCH receiver

ID in groupcast SL transmission with acknowledgement (ACK) or negative
acknowledgement (NACK) information in HARQ-feedback.

For sidelink operating on unlicensed or shared spectrum, embodiments of the present
disclosure recognizes that there is a need to enhance the PSFCH in time domain and/
or frequency domain and/or code domain, such that the transmitter and receiver of
the PSFCH have no ambiguity in the resource for transmitting and/or receiving the

PSFCH transmission. Also, due to channel access procedure on unlicensed or shared
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spectrum, there is an uncertainty for the transmission of PSFCH due to a failure of
channel sensing and, hence, enhancement to compensate the transmission opportunity
of PSFCH in time domain should be supported. The embodiments and/or examples in
this disclosure can be used for sidelink operating on unlicensed or shared spectrum, but
may not be limited to sidelink operating on unlicensed or shared spectrum.

This disclosure focuses on the enhanced PSFCH transmission for unlicensed
operation in order to mitigate the impact from channel access failure. More precisely,
the following aspects are included in the disclosure.

- Resource allocation for a PSFCH

- Sequence generation for the PSFCH

- Mapping between PSSCH and PSFCH

- Example UE procedure

In one embodiment, resource allocated for a PSFCH transmission can be based on at
least one interlace index, wherein an interlace is a set of resource blocks (RBs) in the
SL bandwidth part (BWP) and with uniform interval.

In a first type of PSFCH, the resource allocated for a PSFCH transmission can be
based on a first interlace within a RB-set. For instance, RBs in the first interlace within

a RB-set can be denoted as {m,,m, + M,m, + 2M, ..., m; + k, M, .., m; + (K, - 1)M}, wherein a

RB can be denoted as s; =my + kM, m; is the index of the starting RB within the first
interlace within the RB-set, 37 is number of interlaces in the SL BWP (e.g., ps=10 for
15 kHz subcarrier spacing (SCS), and/or pz=5 for 30 kHz SCS), and g is a number

of RBs in the interlace and RB-set (e.g., k, =10 or 11). For the first type of PSFCH,

RBs in the first interlace are included in the resource for PSFCH transmission, e.g.,

k, €{0,1,.., K, — 1}. Further, m, €an be determined based on the first common RB index

in the SL BWP that includes the first interlace, and the index of the first interlace, and
the index of the RB-set.

In one example, the first interlace in the first type of PSFCH can be provided to
the UE (e.g., the UE 111) by indicating an index of the first interlace, e.g., using a
(pre-)configuration.

In another example, a UE can determine an index of the first interlace based on a pre-
defined association between resource for PSSCH and the index of the first interlace,
e.g., as shown in examples of this disclosure.

In yet another example, a UE can determine RBs in the first interlace based on a pre-
defined association between resource for PSSCH and the RBs in the first interlace.

In yet another example, a UE can determine an index of the first interlace based on

an indication in SCIL.
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In one example, the UE can be provided with information on the RB-set by a
(pre-)configuration.

In another example, the UE can determine the RB-set as the RB-set with lowest
index within the RB-sets where the associated PSSCH is transmitted (e.g., this
example can be applicable if s/-PSFCH-CandidateResourceType is indicated as
startSubCH).

In yet another example, the UE can determine the RB-set as every RB-set (e.g.,
RB-sets) with within the RB-sets where the associated PSSCH is transmitted (e.g.,
this example can be applicable if s/-PSFCH-CandidateResourceType is indicated as
allocSubCH).

In a second type of PSFCH, the resource allocated for a PSFCH transmission can be
based on RB(s) in a second interlace and RB(s) in a third interlace, wherein the RBs
are all within a RB-set. For one instance, RBs in the second interlace within a RB-set
can be denoted as {m,,m, + M, m, +2M, .., m, + k;M, .., m, + (K, — 1)M}, wherein a RB can be
denoted as s, =m, +k,M, m; is the index of the starting RB within the second interlace

within the RB-set (e.g., s, can be determined based on the second interlace index and

the RB-set index), p7 is number of interlaces in the SL BWP (e.g., As=10 for 15 kHz
SCS, and pys=5 for 30 kHz SCS) and K, is a number of RBs in the second interlace and

RB-set (e.g., k,—10 or 11). For another instance, RBs in the third interlace within a
RB-set can be denoted as (m, m, + M,m; + 2M, ..., ms + ksM, ..., ms + (K5 — 1)M}, Wherein a

RB can be denoted as sz = m; +ksM, m; is the index of the starting RB within the third

interlace within the RB-set (e.g., #, can be determined based on the third interlace

index and the RB-set index), a7z is number of interlaces in the SL BWP (e.g., Ar=10
for 15 kHz SCS, and pz=5 for 30 kHz SCS), and g, is a number of RBs in the third

interlace and RB-set (e.g., x,=10 or 11). For the second type of PSFCH, each, or part,
of the RBs are selected from the second and/or the third interlaces, e.g., i, is selected
from {0 1, .., k, - 1} (denoting the set of k, after selection as s,) and ks is selected

from (g 1, .. K, — 1) (denoting the set of £, after selection as s,). Further, ,,, can be

determined based on the first common RB index in the SL BWP that includes the
second interlace, and the index of the second interlace, and the index of the RB-set.

Further, 3, can be determined based on the first common RB index in the SL BWP

that includes the third interlace, and the index of the second interlace, and the index of
the RB-set.
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In one example, the second interlace in the second type of PSFCH can be provided to
the UE by indicating an index of the second interlace, e.g., using a (pre-)configuration.
In another example, the second interlace in the second type of PSFCH can be fixed,

e.g., the interlace with index 0.

In yet another example, the second interlace in the second type of PSFCH can
be determined based on the bitmap indicating the available resources for PSFCH
(e.g., sl-PSFCH-RB-Set or sl-RB-SetPSFCH). For one instance, the second interlace
is determined as the interlace which has all RBs available indicated by the bitmap
and with the lowest interlace index. For another instance, the second interlace is
determined as the interlace which has all RBs not available (e.g., the lowest interlace if
multiple interlaces are not available).

In one example, the third interlace in the second type of PSFCH can be provided to
the UE by indicating an index of the third interlace, e.g., using a (pre-)configuration.
For one instance, the (pre-)configuration can be per SL BWP. For another instance,
the (pre-)configuration can be per resource pool. For yet another instance the
(pre-)configuration can be per RB-set.

In another example, the RB(s) in the third interlace in the second type of PSFCH
can be provided to the UE (e.g., the UE 111) by a number of RB(s) (e.g., the number
of RB(s) can be provided by a (pre-)configuration). The UE can determine the RB
indexes and index of the third interlace based on the number of RB(s) according to a
pre-defined association between resource for PSSCH and the resource for the PSFCH.

- For one instance, when the number of RBs in the third interlace is 1, S; = {ki},
wherein &} is determined based on a pre-defined association between resource for

PSSCH and the resource for the PSFCH (e.g., according to example of this disclosure).
- For another instance, when the number of RBs in the third interlace is 2,

Sy = {k}, ki + 5}, wherein k3 is determined based on a pre-defined association between

resource for PSSCH and the resource for the PSFCH (e.g., according to example of
this disclosure).
- For yet another instance, when the number of RBs in the third interlace is 2,

S; = {kj, ki + 1), wherein #; is determined based on a pre-defined association between

resource for PSSCH and the resource for the PSFCH (e.g., according to example of
this disclosure).

- For yet another instance, when the number of RBs in the third interlace is 2, s, can
be (pre-)configured between {k},k; + 1} and (ki k; + 5}, wherein k; is determined based

on a pre-defined association between resource for PSSCH and the resource for the

PSFCH (e.g., according to example of this disclosure).
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[99] - For yet another instance, when the number of RBs in the third interlace is 5,

Sy = [k, ki + 2,k + 4,k + 6,k3 + 8}, wherein k; is determined based on a pre-defined

association between resource for PSSCH and the resource for the PSFCH (e.g.,
according to example of this disclosure).
[100] - For yet another instance, when the number of RBs in the third interlace is 5,

Sy = (ki ki + 1Lk, + 2,ky + 3,k + 4}, wherein k; is determined based on a pre-defined

association between resource for PSSCH and the resource for the PSFCH (e.g.,
according to example of this disclosure).

[101] - For yet another instance, when the number of RBs in the third interlace is 2, g, can
be (pre-)configured between {kj k; +2,k; + 4,k + 6,ki + 8} and (k5 kj + 1,k} + 2,k} + 3,k} + 4},

wherein &} is determined based on a pre-defined association between resource for

PSSCH and the resource for the PSFCH (e.g., according to example of this disclosure).

[102] In yet another example, the RB(s) in the third interlace in the second type of PSFCH
can be provided to the UE by explicitly providing the indexes of the RB(s). For
instance, the indication can be provided in the SCI.

[103] In one example, the UE can be provided with information on the RB-set by a
(pre-)configuration.

[104] In another example, the UE can determine the RB-set as the RB-set with lowest
index within the RB-sets where the associated PSSCH is transmitted (e.g., this
example can be applicable if s/-PSFCH-CandidateResourceType is indicated as
startSubCH).

[105] In yet another example, the UE can determine the RB-set as every RB-set (e.g., all
RB-sets) with within the RB-sets where the associated PSSCH is transmitted (e.g.,
this example can be applicable if s/-PSFCH-CandidateResourceType is indicated as
allocSubCH).

[106] In one example, the UE procedure for determining the resources for the second type
of PSFCH can be as follows:

[107] 1. The UE determines an index of the RB-set.

[108] 2. The UE determines an index of the second interlace and then decide the set

S, = {my,my + M,my + 2M, ..., m, + kyM, .., m, + (K, — )M}, based on the index of the second

interlace and the RB-set.
[109] 3. The UE determines an index of the third interlace and a number of RBs in the

third interlace, and then decide the set g, according to one or more examples of this

disclosure.
[110] 4. The UE determines g, and g, as the RBs for PSFCH.
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[111] In another example, the UE procedure for determining the resources for the second
type of PSFCH can be as follows:

[112] 1. The UE determines an index of the RB-set.

[113] 2. The UE determines an index of the second interlace and then decide a set
b= {my,my + M, my, + 2M, ..., my + koM, ..., my + (K, — 1)M), based on the index of the second
interlace and the RB-set.

[114] 3. The UE determines an index of the third interlace and a number of RBs in the
third interlace, and then decide the set s, according to one or more examples of this
disclosure.

[115] 4.For k,=0 to k-1

[116] If {m, + k,M — s, + 1] < 5 for any s; €S;, when the SCS of PSFCH is 15 kHz; and/or if
Im, + k,M —s; + 1] < 2 for any s; €S;, when the SCS of PSFCH is 30 kHz;

[117] m, + k,M 18 not included in set §,;

[118] Otherwise

[119] m, + k,M 18 included in set 5

[120] End

[121] End

[122] 5. The UE determines g, and g, as the RBs for PSFCH.

[123] In yet another example, the UE procedure for determining the resources for the
second type of PSFCH can be as follows, wherein for instance ¢, =5, and/or c; =2; or
for instance ¢, =4. and/or ¢ =1 or for instance ¢, = 6, and/or ¢, =3:

[124] 1. The UE determines an index of the RB-set.

[125] 2. The UE determines an index of the second interlace and then decide a set
L= {my my + M, my + 2M, ... my + koM, ..., my + (K, — 1)M}, Dased on the index of the second
interlace and the RB-set.

[126] 3. The UE determines an index of the third interlace and a number of RBs in the
third interlace, and then decide the set s, according to one or more examples of this
disclosure.

[127] 4.For k,=0 to ;-1

[128] If |, + koM — 55| < ¢, for any s; €5, when the SCS of PSFCH is 15 kHz; and/or if
fmy + kM~ 53] < ¢, for any s; €S, when the SCS of PSFCH is 30 kHz;

[129] m, + k,M 18 not included in set §,;

[130]

Otherwise
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[131] m, + k,M 18 Included in set 5

[132] End

[133] End

[134] 5. The UE determines 5, and s, as the RBs for PSFCH.

[135] In another example, the UE procedure for determining the resources for the second
type of PSFCH can be as follows:

[136] 1. The UE determines an index of the RB-set.

[137] 2. The UE determines an index of the second interlace and then decide a set
b= {my my + M, my + 2M, .., my + koM, ..., my + (K, — 1)M}, Dased on the index of the second
interlace and the RB-set.

[138] 3. The UE determines an index of the third interlace and a number of RBs in the
third interlace, and then decide the set s, according to one or more examples of this
disclosure.

[139] 4.For k,=0 to K, -1

[140] If jmy + koM —s;— 1] < 5 for any s; €5;, when the SCS of PSFCH is 15 kHz; and/or if
{m, + k,M — s, — 1] < 2 for any s; € S;, when the SCS of PSFCH is 30 kHz;

[141] m, + k,M 18 not included in set §,;

[142] Otherwise

[143] m, + k,M 18 Included in set 5;

[144] End

[145] End

[146] 5. The UE determines g, and s, as the RBs for PSFCH.

[147] In yet another example, the UE procedure for determining the resources for the
second type of PSFCH can be as follows:

[148] 1. The UE determines an index of the RB-set.

[149] 2. The UE determines an index of the second interlace and then decide a set
S, = {my,my + M, my + 2M, .., my + kM, ..., m, + (K, — 1)M), based on the index of the second
interlace and the RB-set.

[150] 3. The UE determines an index of the third interlace and a number of RBs in the
third interlace, and then decide the set s, according to one or more examples of this
disclosure.

[151] 4.For k,=0 to k-1
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[152] If |m, + k,M — 53 +1] <5 for any s; €S;, and if k, # 0 and if , # g, — 1, when the SCS

of PSFCH is 15 kHz; and/or if |m, + k,M - s, + 1] <2 forany 5,5, andif (k,=0 or

k, =K, ~1), when the SCS of PSFCH is 30 kHz;
[153] m, + k,M 18 not included in set §,;

[154] Otherwise
[155] m, + koM is included in set s.;

[156] End
[157] End
[158] 5. The UE determines 5, and s, as the RBs for PSFCH.

[159] In yet another example, the UE procedure for determining the resources for the
second type of PSFCH can be as follows, wherein for instance ¢, =5, and/or c; =2; or
for instance ¢, =4. and/or ¢ =1 or for instance ¢, = 6, and/or ¢, =3:

[160] 1. The UE determines an index of the RB-set.

[161] 2. The UE determines an index of the second interlace and then decide a set

Sy = {my,my + M, my + 2M, ..., my + koM, ..., my + (Ky — DM}, based on the index of the second

interlace and the RB-set.
[162] 3. The UE determines an index of the third interlace and a number of RBs in the

third interlace, and then decide the set s, according to one or more examples of this
disclosure.

[163] 4.For k,=0 to k-1

[164] If jm, + koM — s3] < ¢, forany s =g andif k, #0 and if , # g, — 1, when the SCS of
PSFCH is 15 kHz; and/or if ‘jm, + kM - 53l <, forany g,=5, and if (k, =0 or ky =K, ~ 1),

when the SCS of PSFCH is 30 kHz;
[165] m, + koM is not included in set 5,;

[166] Otherwise
[167] m, + k,M 18 included in set 5 ;

[168] End
[169] End
[170] 5. The UE determines g, and g, as the RBs for PSFCH.

[171] In yet another example, the UE procedure for determining the resources for the
second type of PSFCH can be as follows:
[172] 1. The UE determines an index of the RB-set.
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[173] 2. The UE determines an index of the second interlace and then decide a set

S, = {my my + M,my + 2M, .., my + koM, ..., my + (K, — 1)M), Dased on the index of the second

interlace and the RB-set.
[174] 3. The UE determines an index of the third interlace and a number of RBs in the

third interlace, and then decide the set g, according to one or more examples of this

disclosure.
[175] 4.For k,=0 to K;-1

[176] If |m, + k,M —s3+1| <5 for any s =g, and if k, #0 and if §, £ g, — 1, when the SCS

of PSFCH is 15 kHz; and/or if |m, + k,M - s;+ 1| <2 forany s,=g, and if (k, =0 or
k, =K, ~ 1), when the SCS of PSFCH is 30 kHz;
[177] m, + k,M 18 not included in set §,;

[178] Otherwise
[179] m, + k,M 18 Included in set 5;

[180] End
[181] End
[182] 5. The UE determines g, and s, as the RBs for PSFCH.

[183] In yet another example, the UE procedure for determining the resources for the
second type of PSFCH can be as follows:

[184] 1. The UE determines an index of the RB-set.

[185] 2. The UE determines an index of the second interlace and then decide a set

b= {my,my + M,m, + 2M, ..., my + kM, ..., m, + (K, — 1)M), based on the index of the second

interlace and the RB-set.
[186] 3. The UE determines an index of the third interlace and a number of RBs in the

third interlace, and then decide the set s, according to one or more examples of this

disclosure.
[187] 4.For k,=0 to ;-1

[188] If {m; +k,M =53 +1] <5 for any 5 =5, and if [spae = spn +11 289 Where smex and Smin are
the largest and smallest in set S, u S} \ {m, + k,M}, when the SCS of PSFCH is 15 kHz;
and/or if {m, +k,M - s; + 1} <2 for any s, =5, and if [syq = spin + 1/ = 45 Where smex and Smin
are the largest and smallest in set s, u s)\ {m, + k,M}, when the SCS of PSFCH is 30
kHz;

[189] m, + k,M 18 not included in set 5, and ;, + k,p is removed from S’Z;
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[190] Otherwise

[191] m, + k,M 18 included in set 5

[192] End

[193] End

[194] 5. The UE determines g, and g, as the RBs for PSFCH.

[195] In yet another example, the UE procedure for determining the resources for the
second type of PSFCH can be as follows, wherein for instance ¢, =5, and/or ¢; = 2;
or for instance ¢ =4, and/or ¢:=1 or for instance ¢, = 6, and/or ., =3; or for instance,
c; =89, and/or c, = 45; or for instance, c; = 88, and/or ¢, = 44:

[196] 1. The UE determines an index of the RB-set.

[197] 2. The UE determines an index of the second interlace and then decide a set
b= {my my + M, my + 2M, .., my + koM, ..., my + (K, — 1)M}, Dased on the index of the second
interlace and the RB-set.

[198] 3. The UE determines an index of the third interlace and a number of RBs in the
third interlace, and then decide the set s, according to one or more examples of this
disclosure.

[199] 4.For k,=0 to K;—1

[200] If fm, + koM — 55 < ¢, Torany g =5, and if sy = sy + 112 ¢; Where smex and Smn are the
largest and smallest in set s, u S} \ {m, + k,M}, when the SCS of PSFCH is 15 kHz; and/or
if [my + 1M - 551 < ¢, forany s =g, and if s, — s, + 1| 2 ¢, Where spa: and Smin are the
largest and smallest in set $, u S} \ {m, + k,M}, when the SCS of PSFCH is 30 kHz;

[201] m, + k,M 18 not included in set ,, and 4, + k,p is removed from S’z;

[202] Otherwise

[203] m, + kM is included in set s_;

[204] End

[205] End

[206] 5. The UE determines g, and g, as the RBs for PSFCH.

[207] In yet another example, the UE procedure for determining the resources for the
second type of PSFCH can be as follows:

[208] 1. The UE determines an index of the RB-set.

[209] 2. The UE determines an index of the second interlace and then decide a set

Sy = {my,my + M, my + 2M, ..., my + koM, .. my + (K, — DM}, based on the index of the second

interlace and the RB-set.
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[210]

[211]
[212]

[213]

[214]
[215]

[216]
[217]
[218]

[219]

[220]

[221]

[222]

3. The UE determines an index of the third interlace and a number of RBs in the

third interlace, and then decide the set s, according to one or more examples of this

disclosure.

4.For k,=0 to k-1

If |my+k,M-s;—1] <5 for any 5358, and if |Smay — Smin + 11 2 89 where smer and Smin are
the largest and smallest in set s, u s\ {m, + k,M}, when the SCS of PSFCH is 15 kHz;
and/or if im; + kM -5, - 11 <2 for any s,= 5, and if |s,z, — sy + 1] > 45 Where suae and Smin

are the largest and smallest in set $;us;\{m, + k,M}, when the SCS of PSFCH is 30 kHz;

m, + k,M 1 not included in set §,, and y,, 4+ k,n is removed from S’z;

Otherwise

m, + k,M 18 included in set 5

End
End
5. The UE determines g, and g, as the RBs for PSFCH.

In one example, there can be an explicit indication on whether the first type or the
second type of PSFCH is utilized. For instance, the explicit indication can be included
in a (pre-)configuration, e.g., the (pre-)configuration is associated with a resource pool.
For another instance, the explicit indication can be included in a SCI.

In another example, there can be an explicit indication on which one of the following
PSFCH is used: 1) the first type of PSFCH, 2) the second type of PSFCH, or 3) the
common PSFCH occupying one RB. For instance, the explicit indication can be
included in a (pre-)configuration, e.g., the (pre-)configuration is associated with
a resource pool or a SL BWP. For another instance, the explicit indication can be
included in a SCI.

In yet another example, there can be an explicit indication on which one of the
following PSFCH is used: 1) the first type of PSFCH, or 2) the second type of PSFCH,
and when the indication is not provided, the resource for PSFCH is occupying one
RB. For instance, the explicit indication can be included in a (pre-)configuration, e.g.,
the (pre-)configuration is associated with a resource pool or a SL BWP. For another
instance, the explicit indication can be included in a SCI.

In yet another example, there can be an explicit indication on which one of the
following PSFCH is used: 1) the new PSFCH occupying more than one RB (e.g., the
first or the second type of PSFCH), or 2) the common PSFCH occupying one RB.

For instance, the explicit indication can be included in a (pre-)configuration, e.g.,
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the (pre-)configuration is associated with a resource pool or a SL BWP. For another
instance, the explicit indication can be included in a SCI.

[223] In yet another example, if a UE is provided with information on an interlace (e.g., an
index of the interlace), and not provided with information on RBs in another interlace
(e.g., a number of RBs), the UE can determine the PSFCH is the second type of
PSFCH; otherwise, the UE can determine the PSFCH is the first type of PSFCH.

[224] In yet another example, if a UE is provided with information on an interlace (e.g., an
index of the interlace) and/or information on RBs in another interlace (e.g., a number
of RBs), the UE can determine the PSFCH is the second type of PSFCH; otherwise,
the UE can determine the PSFCH is the first type of PSFCH.

[225] In yet another example, the first type of PSFCH is the default type of PSFCH. The
UE expects the PSFCH is the first type of PSFCH if no (pre-)configuration is provided.

[226] In yet another example, the second type of PSFCH is the default type of PSFCH.
The UE expects the PSFCH is the second type of PSFCH if no (pre-)configuration is
provided.

[227] In one example, the first type of PSFCH and/or the second type of PSFCH is
applicable for a SCS of the PSFCH as 15 kHz and/or 30 kHz.

[228] In one embodiment, for each RB in the set of RBs for resource allocation of PSFCH,
e.g., the first type and the second type of PSFCH, a sequence of length 12 is generated
and mapped to the REs in the RB. For instance, the sequence generated for each RB is
a type 1 low peak-to-average power ratio (PAPR) sequence (e.g., ZC-sequence), €.g.,
the same way of sequence generation for physical uplink control channel (PUCCH)
format O and/or 1 expect for the exemptions described in the disclosure.

[229] In one example, 4, for computing a value of cyclic shift ¢ in sequence generation

for PSFCH can be determined based on the HARQ-ACK feedback and/or conflict
information, e.g., as in document and standard [3].

[230] In another example, »,;  for computing a value of cyclic shift ¢ in sequence

generation for PSFCH can be determined based on a cyclic shift pair index
corresponding to a PSFCH resource index and a number of cyclic shift pairs (e.g.,

provided by a (pre-)configuration per resource pool), e.g., as in document and standard

[3].

[231] In yet another example, m;, for computing a value of cyclic shift ¢ in sequence
generation for PSFCH can be determined as m;,, = ¢y, - i

[232] - For one instance, ¢, is a constant integer, e.g., ¢, =5. Further, this instance can be
applicable to RBs in 5, for the first type of PSFCH, and/or RBs in g, for the second
type of PSFCH. Further, this instance can be applicable to RBs in g, for the first type
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[233]

[234]

[235]

[236]

[237]

[238]

[239]

[240]

[241]
[242]

[243]

[244]

of PSFCH, and/or RBs in g, for the second type of PSFCH, and/or RBs in g, for the
second type of PSFCH.

- For another instance, c¢;, is an integer and determined based on the number of RBs

in g,. Further, this instance can be applicable to RBs in g, for the second type of

PSFCH.

o For one sub-instance, when the number of RBs in the third interlace is 1, and
S5 = {ka}, Cint = 50.

o For another sub-instance, when the number of RBs in the third interlace is 2, and

Sy = {ki, kj + 5}, Cipe = 25.

o For yet another sub-instance, when the number of RBs in the third interlace is 2,
and S; = {ki, ki + 1}, Cne=5.

o For yet another sub-instance, when the number of RBs in the third interlace is 5,
and S, = {kj, k} + 2,k + 4,k + 6,k + 8, i = 10.

o For yet another sub-instance, when the number of RBs in the third interlace is 5,
and §; = {ki, kj + 1, kj + 2,k + 3,k5 + 4}, ¢t = 5.

- For yet another instance, i, is index of the resource block number within the
interlace and within the RB-set. Further, this instance can be applicable to RBs in g,
for the first type of PSFCH, and/or RBs in g, for the second type of PSFCH. Further,
this instance can be applicable to RBs in g, for the first type of PSFCH, and/or RBs in
s, for the second type of PSFCH, and/or RBs in g, for the second type of PSFCH.

- For yet another instance, i, is index of the resource block number within the RBs

in set g, and/or 5, and/or g, (e.g., the RBs are ordered from lowest to highest).

In yet another example, (=o.
In yet another example, ¢ is the index of the OFDM symbol in the slot that
corresponds to the second OFDM symbol of the PSFCH transmission.

In yet another example, parameter ,, for the sequence generation can be determined

as y=n ,,mod30, wherein m» can be provided by a (pre-)configuration for RBs in g, in

the second type of PSFCH; otherwise, u =0 . For one instance, the (pre-)configuration
can be a different one from the higher layer parameter for the ID of PSFCH hopping.
For another instance, the (pre-)configuration can be the same as or associated with the
(pre-)configuration for using type 1 and/or type 2 PSFCH.

In yet another example, parameter , for the sequence generation can be determined

as y=(n ,,+n ;,Ymod30, wherein "o can be provided by the higher layer parameter
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for the ID of PSFCH hopping (e.g., sl-PSFCH-HopID), and n,’ can be provided by
a (pre-)configuration for RBs in s, in the second type of PSFCH; otherwise, u=0.

For one instance, the (pre-)configuration can be a different one from the higher layer
parameter for the ID of PSFCH hopping. For another instance, the (pre-)configuration
can be the same as or associated with the (pre-)configuration for using type 1 and/or
type 2 PSFCH.

[245] In yet another example, parameter . for the sequence generation can be determined
as cpyi = nyp, Wherein mo can be provided by a (pre-)configuration, for RBs in S, in the

second type of PSFCH; otherwise, c = 0. For one instance, the (pre-)configuration

can be a different one from the higher layer parameter for the ID of PSFCH hopping.
For another instance, the (pre-)configuration can be the same as or associated with the
(pre-)configuration for using type 1 and/or type 2 PSFCH.

[246] In yet another example, parameter . for the sequence generation can be determined

as ¢, ~(np.n,,") mod 2*', wherein mo can be provided by the higher layer parameter

for the ID of PSFCH hopping (e.g., sl-PSFCH-HopID), and n,’ can be provided by

a (pre-)configuration for RBs in g, in the second type of PSFCH; otherwise, cini = 0.

For one instance, the (pre-)configuration can be a different one from the higher layer
parameter for the ID of PSFCH hopping. For another instance, the (pre-)configuration
can be the same as or associated with the (pre-)configuration for using type 1 and/or
type 2 PSFCH.

[247] In one embodiment, a mapping between resources for PSSCH and resources for
PSFCH can be predefined, for the first type and/or the second type of PSFCH.

[248] In one example, the following procedure can be applicable for the first type of
PSFCH.

[249] A UE can be provided a set of RBs available for PSFCH in a resource pool from
a (pre-)configuration (e.g., s[-PSFCH-RB-Set or sl-RB-SetPSFCH). The UE then

determine ppseci interlaces in the RB-set for PSFCH transmission that are available

for PSFCH based on the (pre-)configuration, e.g., all RBs in the interlace within the
interlaces and within the RB-set determined for PSFCH transmission are indicated as

available according to the (pre-)configuration. Further, the determination of ypsrct

, set

can be separately performed for HARQ-ACK feedback (e.g., using sl-PSFCH-RB-Set
) and conflict information (e.g., using s/-RB-SetPSFCH), assuming the RBs (e.g., RBs
in interlaces) for HARQ-ACK feedback and conflict information are different. The
(pre-)configuration (pre-)configuration (e.g., s/-PSFCH-RB-Set or sl-RB-SetPSFCH

) can be provided per transmission occasion of the PSFCH. The procedure herein can
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[250]

[251]

[252]
[253]

[254]

[255]

[256]

be repeated for each transmission occasion of the PSFCH (e.g., for each transmission
occasion, the procedure herein is performed separately using the corresponding
parameters associated with the transmission occasion).

A UE can determine a number N, of sub-channels in the RB-set for the PSSCH

transmission (or the lowest RB-set within the RB-sets for the PSSCH transmission,
when the PSSCH transmission occupies multiple RB-sets), e.g., based on a
(pre-)configuration (e.g., sl-NumSubchannel). For one instance, the (pre-)configuration
can be common for all the RB-sets. For another instance, the (pre-)configuration can
be separate for different RB-sets.

A UE can determine a number ypsect based on a (pre-)configuration (e.g., sI-PSFCH-

Period).

- For instance, yesrain can be same as the (pre-)configuration.
- For another instance, ypsecH _ psecH wherein v is the (pre-)configuration, yesech iS
> Npgsen =N - Nigr > N (p ) g > Nigr

a number of PSFCH transmission occasions associated with one PSSCH transmission
(e.g., to mitigate the impact from LBT), and the number can be provided by another
(pre-)configuration.

- For yet another instance, yesich — y ypsicn - wherein  is the (pre-)configuration,
wrgcn is a number of PSFCH transmission occasions associated with one PSSCH

transmission (e.g., to mitigate the impact from LBT), and the number can be provided
by another (pre-)configuration.

- For yet another instance, yrsrcn _ PSFCH / yRB-set, Wherein J is the
y » Npgscu = N - Nigr /N7 N
(pre-)configuration, NPSECH is a number of PSFCH transmission occasions associated

with one PSSCH transmission (e.g., to mitigate the impact from LBT), the number can

be provided by another (pre-)configuration, and pre-ser is a number of RB-sets in the

resource pool, or a number of RB-sets associated with the PSSCH, or a number of RB-
sets selected for PSFCH transmission.

- For yet another instance, psecH _ PSFCH . yRB-sety Wherein u is the
Y > Npgsen = N/(Nigp - N™275¢) N

(pre-)configuration, NFSECH is a number of PSFCH transmission occasions associated

with one PSSCH transmission (e.g., to mitigate the impact from LBT), the number can

be provided by another (pre-)configuration, and yre-ser is a number of RB-sets in the

resource pool, or a number of RB-sets associated with the PSSCH, or a number of RB-

sets selected for PSFCH transmission.
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(2571 A UE allocates the {4 - wgsh) - Mk (+ 1+ M) - M, — 1) nterlaces from

the MESECH interlaces to slot ; among the PSSCH slots associated with the PSFCH slot

B : PSECH  _ 5,PSFCIL PSECH - _ N PSECI ,
and sub-channel ;, where Mieh s1ot = Mirb. set/ (Nsutch - Nosacit )» 0 < i < Nigscits 0 < J < Nygoen The

allocation starts in an ascending order of ; and continues in an ascending order of ;.

. NESFCH

The UE expects that ypsrcn isa multiple ofw,,,,, - NEGH.

[258] In another example, the following procedure can be applicable for the first type of
PSFCH.

[259] A UE can be provided a set of RBs available for PSFCH in a resource pool from a
(pre-)configuration (e.g., sl-PSFCH-RB-Set or sl-RB-SetPSFCH). The UE (e.g., the
UE 111) then determine MESECH, interlaces in the RB-set for PSFCH transmission that

are available for PSFCH based on the (pre-)configuration, e.g., all RBs in the interlace
within the interlaces and within a RB-set within the resource pool are indicated as

available according to the (pre-)configuration. Further, the determination of MESICIL can

be separately performed for HARQ-ACK feedback and conflict information, assuming
the RBs for HARQ-ACK feedback and conflict information are different. The
(pre-)configuration (pre-)configuration (e.g., s/-PSFCH-RB-Set or sl-RB-SetPSFCH

) can be provided per transmission occasion of the PSFCH. The procedure herein can
be repeated for each transmission occasion of the PSFCH (e.g., for each transmission
occasion, the procedure herein is performed separately using the corresponding
parameters associated with the transmission occasion).

[260] A UE can determine a number n,,, of sub-channels in the resource pool, e.g., based

on a (pre-)configuration (e.g., sl-NumSubchannel).

[261] A UE can determine a number ypstcit based on a (pre-)configuration (e.g., s/-PSFCH-

Period).
[262] - For instance, NSk can be same as the (pre-)configuration.
[263] - For another instance, ypseci = . ypsic wherein  is the (pre-)configuration, NFSEcH 1S

a number of PSFCH transmission occasions associated with one PSSCH transmission
(e.g., to mitigate the impact from LBT), and the number can be provided by another
(pre-)configuration.

[264] - For yet another instance, NESECH = py /NPSECH wherein p is the (pre-)configuration,
Npshon is a number of PSFCH transmission occasions associated with one PSSCH

transmission (e.g., to mitigate the impact from LBT), and the number can be provided

by another (pre-)configuration.
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[265]

[266]

[267]

[268]

[269]

[270]

[271]

- For yet another instance, yPSrci — y . ypstciyRe-set , wherein y is the
(pre-)configuration, NESECH is a number of PSFCH transmission occasions associated

with one PSSCH transmission (e.g., to mitigate the impact from LBT), the number can

be provided by another (pre-)configuration, and yrs-set is a number of RB-sets in the

resource pool, or a number of RB-sets associated with the PSSCH, or a number of RB-
sets selected for PSFCH transmission.

- For yet another instance, NESECH — N J(NPSECH . yRB-sety wherein u is the

(pre-)configuration, NPSECH is a number of PSFCH transmission occasions associated

with one PSSCH transmission (e.g., to mitigate the impact from LBT), the number can

be provided by another (pre-)configuration, and prs-set is a number of RB-sets in the

resource pool, or a number of RB-sets associated with the PSSCH, or a number of RB-
sets selected for PSFCH transmission.

A UE allocates the [(+ - MESESHY - MISECH (4 1+ - NESESH) - MESECH  — 1] interlaces from

the ygpsron interlaces to slot ; among the PSSCH slots associated with the PSFCH slot

- : PSECH  _ pPSFCH PSFCH . wPSECH .
and sub-channel P where Mgk stot = MpRh, set (Nosben - Niscit) » 0 < i < NG 0 < < Ny and

the allocation starts in an ascending order of ; and continues in an ascending order of ;.

The UE expects that MESECH, is a multiple of y_, , - NFSECH .

In one example, the following procedure can be applicable for the second type of
PSFCH.

A UE can determine an interlace index for the second interlace in the second type of
PSFCH, e.g., according to an example in the disclosure.

A UE can be provided a set of RBs available for PSFCH in a resource pool from a
(pre-)configuration (e.g., sl-PSFCH-RB-Set or sl-RB-SetPSFCH). For one instance,
the UE expects the RBs corresponding to the second interlace in the second type of
PSFCH are not indicated as available in the (pre-)configuration. For another instance,
the UE excludes the RBs corresponding to the second interlace in the second type of
PSFCH from the (pre-)configuration and perform the successive procedures.

The UE then determines MESECH  groups of RBs in the RB-set for PSFCH transmission

that are available for PSFCH based on the (pre-)configuration, wherein the group

of RBs are following example of s, as described in the disclosure. Further, the

determination of Mgk can be separately performed for HARQ-ACK feedback (e.g.,

using s/-PSFCH-RB-Set) and conflict information (e.g., using s/-RB-SetPSFCH),
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assuming the RBs (e.g., RBs in the group of RBs) for HARQ-ACK feedback and
conflict information are different. Further, the number of groups of RBs in an interlace

and within one RB-set can be expected to be determined according to MESECl yPSECH

(e.g., expected to be an integer), wherein ypsichy is the number of RBs in the interlace
PRB,K, /

and RB-set, and Nﬁf}j is the number of RBs in the group of RBs, e.g. , e.g., the

number of groups is 10 or 11 when the number of RB is 1; and/or the number of
groups is 5 when the number of RB is 2; and/or the number of groups is 2 when the
number of RB is 5. Further, the groups of RBs in the RB-set can be indexed first
within an interlace and RB-set, then across interlaces in a RB-set, e.g., all in a lowest
to highest order in the frequency domain. Further, the groups of RBs in the resource
pool can be indexed first within an interlace and RB-set in an order of lowest to highest
frequency, then across interlaces in a RB-set in an order of interlaces.

[272] The (pre-)configuration (pre-)configuration (e.g., sl-PSFCH-RB-Set or sl-RB-
SetPSFCH) can be provided per transmission occasion of the PSFCH. The procedure
herein can be repeated for each transmission occasion of the PSFCH (e.g., for
each transmission occasion, the procedure herein is performed separately using the
corresponding parameters associated with the transmission occasion).

[273] A UE can determine a number N, of sub-channels in the RB-set for the PSSCH

transmission (or the lowest RB-set within the RB-sets for the PSSCH transmission,
when the PSSCH transmission occupies multiple RB-sets), e.g., based on a
(pre-)configuration (e.g., sl-NumSubchannel). For one instance, the (pre-)configuration
can be common for all the RB-sets. For another instance, the (pre-)configuration can
be separate for different RB-sets.

[274] A UE can determine a number NESECH based on a (pre-)configuration (e.g., sl-PSFCH-

Period).
[275] - For instance, NiSECH can be same as the (pre-)configuration.
276 - For another instance, - , wherein j is the (pre-)configuration,
1271 NESGH = - NS N is the (pre-)contig

N‘;;‘;CH is a number of PSFCH transmission occasions associated with one PSSCH

transmission (e.g., to mitigate the impact from LBT), and the number can be provided
by another (pre-)configuration.

[277] - For yet another instance, ypsich — yypsicn - wherein  is the (pre-)configuration,

Nii‘;CH is a number of PSFCH transmission occasions associated with one PSSCH
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[278]

[279]

[280]

[281]

[282]

[283]

[284]

[285]

transmission (e.g., to mitigate the impact from LBT), and the number can be provided
by another (pre-)configuration.

- For yet another instance, NESECH . yPSECH /pRE-set wherein p is the

(pre-)configuration, »/”87¢# is a number of PSFCH transmission occasions associated
LBT

with one PSSCH transmission (e.g., to mitigate the impact from LBT), the number can

be provided by another (pre-)configuration, and pre-ser is a number of RB-sets in the

resource pool, or a number of RB-sets associated with the PSSCH, or a number of RB-
sets selected for PSFCH transmission.

- For yet another instance, yrsrci = y jyrsicn ., yre-sery, wherein y is the
(pre-)configuration, »#$¢# is a number of PSFCH transmission occasions associated
LBT

with one PSSCH transmission (e.g., to mitigate the impact from LBT), the number can

be provided by another (pre-)configuration, and prs-set is a number of RB-sets in the

resource pool, or a number of RB-sets associated with the PSSCH, or a number of RB-
sets selected for PSFCH transmission.

A UE allocates the [, ;. ypsecry. rien (414 - NEESH) - ISR, — 1]

groups of RBs from the mEgECl - group of RBs to slot ; among the

PSSCH slots associated with the PSFCH slot and sub-channel ;, where

PSECH  _ 5/PSECH PSFCH : PSFCH : The allocation starts in
Mgunen, sior = MpRB, set (Nsubch ‘ NPSSCH) » 0 <1< Npgeepy » 0 < Nogoon

an ascending order of ; and continues in an ascending order of ;. The UE expects that

H ] 1 . yPSFCH
MESicH isa multiple ofy,,, - NESECH

Further, the example is applicable for conflict information when sl-PSFCH-Occasion
="1l".

Further, the example is applicable for conflict information when sl-PSFCH-Occasion
=0

In another example, the following procedure can be applicable for the second type of
PSFCH.

A UE can determine an interlace index for the second interlace in the second type of
PSFCH, e.g., according to an example in the disclosure.

A UE can be provided a set of RBs available for PSFCH in a resource pool from a
(pre-)configuration (e.g., sl-PSFCH-RB-Set or sl-RB-SetPSFCH). For one instance,
the UE expects the RBs corresponding to the second interlace in the second type of

PSFCH are not indicated as available in the (pre-)configuration. For another instance,
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the UE excludes the RBs corresponding to the second interlace in the second type of
PSFCH from the (pre-)configuration and perform the successive procedures.

[286] The (pre-)configuration (pre-)configuration (e.g., sl-PSFCH-RB-Set or sl-RB-
SetPSFCH) can be provided per transmission occasion of the PSFCH. The procedure
herein can be repeated for each transmission occasion of the PSFCH (e.g., for
each transmission occasion, the procedure herein is performed separately using the
corresponding parameters associated with the transmission occasion).

[287] The UE then determines ypstcit groups of RBs in the resource pool based on

the (pre-)configuration, wherein the group of RBs are following example of g, as

described in the disclosure. Further, the determination of pMigEcH - can be separately

performed for HARQ-ACK feedback and conflict information, assuming the RBs for
HARQ-ACK feedback and conflict information are different. Further, the number of
groups of RBs in an interlace and within one RB-set can be expected to be determined
based on a number of RBs in the group of RBs, e.g., the number of groups is 10 or 11
when the number of RB is 1; and/or the number of groups is 5 when the number of
RB is 2; and/or the number of groups is 2 when the number of RB is 5. Further, the
groups of RBs in the resource pool can be indexed first within an interlace and RB-set,
then across interlaces in a RB-set, then across RB-sets, e.g., all in a lowest to highest
order in the frequency domain. Further, the groups of RBs in the resource pool can be
indexed first within an interlace and RB-set in an order of lowest to highest frequency,
then across interlaces in a RB-set in an order of interlaces, then across RB-sets in an
order of RB-set indexes.

[288] A UE can determine a number px_, . of sub-channels in the resource pool (or the

lowest RB-set within the RB-sets for the PSSCH transmission, when the PSSCH
transmission occupies multiple RB-sets), e.g., based on a (pre-)configuration (e.g., si-
NumSubchannel).

[289] A UE can determine a number ypyoit based on a (pre-)configuration (e.g., s/-PSFCH-

Period).
[290] - For instance, NESECH can be same as the (pre-)configuration.
[291] - For another instance, ypsrci — .yt wherein  is the (pre-)configuration, NPSECH is

a number of PSFCH transmission occasions associated with one PSSCH transmission
(e.g., to mitigate the impact from LBT), and the number can be provided by another

(pre-)configuration.
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[292]

[293]

[294]

[295]

[296]

[297]

- For yet another instance, ypsich — yypsicn - wherein  is the (pre-)configuration,

NPSECH is a number of PSFCH transmission occasions associated with one PSSCH

transmission (e.g., to mitigate the impact from LBT), and the number can be provided
by another (pre-)configuration.

- For yet another instance, ypsrcu _ PSFCH /yRB-set Wherein p is the
y * NESGH = N - N NRB=set W N
(pre-)configuration, NFSECH is a number of PSFCH transmission occasions associated

with one PSSCH transmission (e.g., to mitigate the impact from LBT), the number

can be provided by another (pre-)configuration, and yrs-set is a number of RB-

sets in the resource pool, or a number of RB-sets associated with the PSSCH, or
a number of RB-sets selected for PSFCH transmission. For yet another instance,

PSFCH _ PSFCH - herein p is the (pre-)configuration, and yrsrcir is a number
NESESH = N/ (NfEECH - NRB-sety » W N (pre-) g ’ Mgt

of PSFCH transmission occasions associated with one PSSCH transmission (e.g.,
to mitigate the impact from LBT), wherein the number can be provided by another

(pre-)configuration, and yre-set is a number of RB-sets in the resource pool, or a

number of RB-sets associated with the PSSCH, or a number of RB-sets selected for
PSFCH transmission.

Sy SFC ; . : SFC
A UE allocates the [(; 4 ;. yISFG) . yPSFCH (41 4 . NISEGH) . yPSFCH 1]

groups of RBs from the MESECH - group of RBs to slot ; among the

PSSCH slots associated with the PSFCH slot and sub-channel ;, where

PSFCH  _ psPSFCH PSFCH . PSFCH - The allocation starts in an
subch, slot — MPRB, set (Nsubch : NPSSCH ), 0<i< NPSSCH ,0 <5< Nsubch'

ascending order of ; and continues in an ascending order of ;. The UE expects that

1 1 PSFCH
MESiCH isa multiple ofy,, , - NESECH

Further, the example is applicable for conflict information when sl-PSFCH-Occasion
="1l".

Further, the example is applicable for conflict information when sl-PSFCH-Occasion
=0

FIGURE 7 illustrates a flowchart of an example UE procedure 700 for PSFCH
transmission/reception according to embodiments of the present disclosure. For
example, procedure 700 for PSFCH transmission/reception can be performed by any
of the UEs 111-111C, such as the UE 111C. This example is for illustration only
and other embodiments can be used without departing from the scope of the present

disclosure.
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[298]

[299]

[300]

[301]

[302]

[303]

The procedure begins in 701, a UE receives a set of (pre-)configurations. In 702, the
UE determines a type of PSFCH. In 703, the UE determines the RBs for PSFCH based
on at least one interlace index. In 704, the UE determines the sequence for the PSFCH.
In 705, the UE transmits/receives the PSFCH.

For example, in 701, the UE may receive higher layer parameters, and in 702,
determine the type based on determining whether a first higher layer parameter is
included in the higher layer parameters and determining, based on the first higher layer
parameter from the higher layer parameters, the PSFCH transmission type when the
first higher layer parameter is included in the higher layer parameters. For example, in
704, the UE may determine RBs in the RB set used for the transmission of the PSFCH
based on the PSFCH transmission type, where all RBs in a first interlace are used for
the transmission of the PSFCH when the PSFCH transmission type is a first type, or
RBs in a second interlace and RBs in a third interlace are used for the transmission of
the PSFCH when the PSFCH transmission type is a second type. For example, in 705,
the UE may transmit the PSFCH according to the RBs in the RB set.

In one embodiment, a UE can attempt to perform a PSFCH transmission on a

number yesfct  of candidate transmission occasions, where yeseci s provided by a

occasion occasion

(pre-)configuration.
For one example, for operation with shared spectrum channel access, the UE (e.g.,

the UE 111) can attempt to transmit the PSFCH over a number of first ypseci —slots

provided by a (pre-)configuration (e.g., sl-candidatePSFCH-Occasions) that include
PSFCH resources and are at least a number of slots, provided by a (pre-)configuration
(e.g., sl-MinTimeGapPSFCH), of the resource pool after a last slot of the PSSCH
reception. The UE attempts to transmit in a slot only when the UE fails to transmit in
all previous slots.

For another example, for operation with shared spectrum channel access, the UE
transmits a PSFCH with conflict information corresponding to a reserved resource
indicated in an SCI format 1-A. The UE transmits the PSFCH in the resource pool in a
slot determined based on sI-PSFCH-Occasion.

For one sub-example, if s1-PSFCH-Occasion = '0', the UE can attempt to transmit

the PSFCH over a number of first y?srci = slots provided by a (pre-)configuration

(e.g., sl-candidate PSFCH-Occasions) that include PSFCH resources and are at least
a number of slots, provided by a (pre-)configuration (e.g., sl-MinTimeGapPSFCH),
of the resource pool after a last slot of a physical sidelink control channel (PSCCH)
reception that provides the SCI format 1-A. If the PSFCH resource is in a slot within

the yrskci - slots that is at least 7, slots before the resource associated with the conflict

0CCasto
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information, the UE can attempt to transmit the PSFCH with conflict information in
such slot; otherwise, the UE does not transmit the PSFCH with conflict information in
such slot. The UE attempts to transmit in a slot only when all the previous slots are the
ones the UE fails to transmit or does not transmit in.

[304] For another sub-example, if sI-PSFCH-Occasion = '0', the UE can attempt to transmit

the PSFCH over a number of first yestci —slots provided by a (pre-)configuration

(e.g., sl-candidatePSFCH-Occasions) that include PSFCH resources and are at least a
number of slots, provided by a (pre-)configuration (e.g., s{-MinTimeGapPSFCH), of
the resource pool after a last slot of a PSCCH reception that provides the SCI format

1-A. If all the ypskci —slots are at least 7, slots before the resource associated with

the conflict information, the UE can attempt to transmit the PSFCH with conflict
information in those slots; otherwise, the UE does not transmit the PSFCH with
conflict information in those slots. The UE attempts to transmit in a slot only when all
the previous slots are the ones the UE fails to transmit or does not transmit in.

[305] For yet another sub-example, if sl-PSFCH-Occasion = '1', the UE can attempt

to transmit the PSFCH over a number of latest ypskci  slots provided by a
accasion

(pre-)configuration (e.g., sl-candidate PSFCH-Occasions) that include PSFCH

resources and are at least 7, slots of the resource pool before a slot of the resource

associated with conflict information. If the PSFCH resource in a slot within the pypskcH

slots is that is at least s1-MinTimeGapPSFCH slots after a slot of a PSCCH reception
that provides the SCI format 1-A, the UE can attempt to transmit the PSFCH with
conflict information in such slot; otherwise, the UE does not transmit the PSFCH with
conflict information in such slot. The UE attempts to transmit in a slot only when all
the previous slots are the ones the UE fails to transmit or does not transmit in.

[306] For yet another sub-example, if sl-PSFCH-Occasion = '1', the UE can attempt

to transmit the PSFCH over a number of latest yPstci slots provided by a

(pre-)configuration (e.g., sl-candidate PSFCH-Occasions) that include PSFCH

resources and are at least 7, slots of the resource pool before a slot of the

resource associated with conflict information. If all the ypsrei —slots are at least sl-

MinTimeGapPSFCH slots after a slot of a PSCCH reception that provides the SCI
format 1-A, the UE can attempt to transmit the PSFCH with conflict information in
those slots; otherwise, the UE does not transmit the PSFCH with conflict information
in the yeskct - slots. The UE attempts to transmit in a slot only when all the previous

n

slots are the ones the UE fails to transmit or does not transmit in.
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[307]

[308]

[309]

[310]

[311]

[312]

[313]

In one embodiment, for conflict information, the application of the second type of
PSFCH is for sl-PSFCH-Occasion ="0".

For one example, if a UE is provided with a (pre-)configuration indicating the second
type of PSFCH, and sl-PSFCH-Occasion = '0', the UE applies the second type of
PSFCH for a PSFCH transmission with conflict information; if the UE is provided
with the (pre-)configuration indicating the second type of PSFCH, and sl-PSFCH-
Occasion ='1', the UE applies the common PSFCH occupying one PRB for a PSFCH
transmission with conflict information.

For another example, if a UE is provided with a (pre-)configuration indicating
the second type of PSFCH, the UE applies the second type of PSFCH for a PSFCH
transmission with HARQ-ACK information.

For one example, if a UE is provided with a (pre-)configuration indicating the second
type of PSFCH, and if sl-PSFCH-Occasion ='0", the UE determines a first group of
RBs in the third interlace of the second type of PSFCH for HARQ-ACK information
and determines a second group of RBs in the third interlace of the second type of
PSFCH for conflict information, wherein the first group of RBs and second group of
RBs do not overlap.

For another example, if a UE is provided with a (pre-)configuration indicating
the second type of PSFCH, and if sl-PSFCH-Occasion = 'l", the UE determines a
group of RBs in the third interlace of the second type of PSFCH for HARQ-ACK
information determines the second interlace of the second type of PSFCH for HARQ-
ACK information, and then determines one PRB for PSFCH transmission for conflict
information (e.g., common PSFCH occupying one PRB), wherein the one PRB for
conflict information does not belong to the group of RBs in the third interlace or the
second interlace.

For yet another example, if a UE is provided with a (pre-)configuration indicating
the second type of PSFCH, and if sl-PSFCH-Occasion = 'l", the UE determines a
group of RBs in the third interlace of the second type of PSFCH for HARQ-ACK
information, determines the second interlace of the second type of PSFCH for HARQ-
ACK information, may perform truncation to the PRBs in the second interlace to

determine a set 5, for PSFCH transmission, and then determines one PRB for PSFCH

transmission for conflict information (e.g., common PSFCH occupying one PRB),

wherein the one PRB for conflict information does not belong to s..

For yet another example, if a UE is provided with a (pre-)configuration indicating
the second type of PSFCH, and if sl-PSFCH-Occasion = 'l", the UE determines a
group of RBs in the third interlace of the second type of PSFCH for HARQ-ACK
information, determines the second interlace of the second type of PSFCH for HARQ-
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[314]

[315]

[316]

[317]

ACK information, and then determines one PRB for PSFCH transmission for conflict
information (e.g., common PSFCH occupying one PRB), wherein the one PRB for
conflict information does not belong to the group of RBs in the third interlace.

In an embodiment of the present disclosure, a user equipment (UE) in a wireless
communication system, the UE comprising: a transceiver configured to receive higher
layer parameters; and a processor operably coupled to the transceiver, the processor
configured to: determine whether a first higher layer parameter is included in the
higher layer parameters; determine, based on the first higher layer parameter from the
higher layer parameters, a physical sidelink feedback channel (PSFCH) transmission
type when the first higher layer parameter is included in the higher layer parameters;
determine a resource block (RB) set for a transmission of a PSFCH; and determine
RBs in the RB set used for the transmission of the PSFCH based on the PSFCH
transmission type, wherein: all RBs in a first interlace are used for the transmission
of the PSFCH when the PSFCH transmission type is a first type, or RBs in a second
interlace and RBs in a third interlace are used for the transmission of the PSFCH when
the PSFCH transmission type is a second type, and wherein the transceiver is further
configured to transmit the PSFCH according to the RBs in the RB set.

In an embodiment of the present disclosure, wherein the processor is further
configured to determine a RB in the RB set to use for the transmission of the PSFCH
when the first higher layer parameter is not included in the higher layer parameters.

In an embodiment of the present disclosure, wherein, when the PSFCH transmission
type is the first type, the processor is further configured to: determine a transmission
occasion for the transmission of the PSFCH; determine that the transmission of the
PSFCH is for hybrid automatic repeat request acknowledgement (HARQ-ACK)
information; determine, based on a second higher layer parameter from the higher
layer parameters, a first set of interlaces, wherein: the second higher layer parameter
is associated with the transmission occasion for the transmission of the PSFCH, and
all RBs in the first set of interlaces are indicated as available; and determine the first
interlace, from the first set of interlaces, for the transmission of the PSFCH for the
HARQ-ACK information.

In an embodiment of the present disclosure, wherein, when the PSFCH transmission
type is the first type, the processor is further configured to: determine a transmission
occasion for the transmission of the PSFCH; determine that the transmission of
the PSFCH is for conflict information; determine, based on a second higher layer
parameter from the higher layer parameters, a first set of interlaces, wherein: the
second higher layer parameter is associated with the transmission occasion for the
transmission of the PSFCH, all RBs in the first set of interlaces are indicated as

available, and different interlaces are determined for the first set of interlaces and a
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second set of interlaces for hybrid automatic repeat request acknowledgement (HARQ-
ACK) information; and determine the first interlace, from the first set of interlaces, for
the transmission of the PSFCH for the conflict information.

[318] In an embodiment of the present disclosure, wherein, when the PSFCH transmission
type is the second type, the processor is further configured to determine, based on a
second higher layer parameter, an index for the second interlace.

[319] In an embodiment of the present disclosure, wherein the processor is further
configured to: determine a transmission occasion for the transmission of the PSFCH;
determine that the transmission of the PSFCH is for hybrid automatic repeat request
acknowledgement (HARQ-ACK) information; determine, based on a third higher
layer parameter from the higher layer parameters, a first set of RB groups, wherein:
the third higher layer parameter is associated with the transmission occasion for the
transmission of the PSFCH, all RBs in the first set of RB groups are indicated as
available, and RBs in each RB group in the first set of RB groups are consecutive RBs
in an interlace; and determine a RB group from the first set of RB groups, wherein the
RB group includes RBs in the third interlace for the transmission of the PSFCH for
HARQ-ACK information.

[320] In an embodiment of the present disclosure, wherein the processor is further
configured to: determine a transmission occasion for the transmission of the PSFCH;
determine that the transmission of the PSFCH is for conflict information; determine,
based on a third higher layer parameter from the higher layer parameters, a first
set of RB groups, wherein: the third higher layer parameter is associated with the
transmission occasion for the transmission of the PSFCH, all RBs in the first set of
RB groups are indicated as available, RBs in a RB group in the first set of RB groups
are consecutive RBs in an interlace, and different RBs are determined for the first
set of RB groups and a second set of RB groups for hybrid automatic repeat request
acknowledgement (HARQ-ACK) information; and determine a RB group from the
first set of RB groups, wherein the RB group includes RBs in the third interlace for the
transmission of the PSFCH for conflict information.

[321] In an embodiment of the present disclosure, wherein the processor is further

configured to: determine that a RB s, in the second interlace is not used for the

transmission of the PSFCH, when a subcarrier spacing of the transmission of the
PSFCH is 15 kilohertz (kHz), when: 1) |s, - s,| < 5 for any RB ¢, in the determined RB

group in the third interlace, and 2) |5 max — s min | > 88,» Wherein RB spa is a highest RB
in RBs for the transmission of the PSFCH other than RB ¢, and wherein RB sm is a

lowest RB in RBs for the transmission of the PSFCH other than RB ..
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[322] In an embodiment of the present disclosure, wherein the processor is further

configured to: determine a RB ¢, in the second interlace is not used for the

transmission of the PSFCH, when a subcarrier spacing of the transmission of the
PSFCH is 30 kilohertz (kHz), when: 1) |s, -s;) <2 for any RB g, in the determined RB

group in the third interlace, and 2) |s_max ~ s_min | > 44, wherein RB syq. 1s a highest RB
in RBs for the transmission of the PSFCH other than RB ¢, and wherein RB sm is a
lowest RB in RBs for the transmission of the PSFCH transmission other than RB ..

[323] In an embodiment of the present disclosure, wherein: the processor is further
configured to determine, based on a second higher layer parameter from the higher
layer parameters, a set of configurations for a resource pool, and the first higher layer
parameter is associated with the set of configurations for the resource pool.

[324] In an embodiment of the present disclosure, a method of a user equipment (UE)
in a wireless communication system, the method comprising: receiving higher layer
parameters; determining whether a first higher layer parameter is included in the higher
layer parameters; determining, based on the first higher layer parameter from the
higher layer parameters, a physical sidelink feedback channel (PSFCH) transmission
type when the first higher layer parameter is included in the higher layer parameters;
determining a resource block (RB) set for a transmission of a PSFCH; determining
RBs in the RB set used for the transmission of the PSFCH based on the PSFCH
transmission type, wherein: all RBs in a first interlace are used for the transmission
of the PSFCH when the PSFCH transmission type is a first type; or RBs in a second
interlace and RBs in a third interlace are used for the transmission of the PSFCH when
the PSFCH transmission type is a second type; and transmitting the PSFCH according
to the RBs in the RB set.

[325] In an embodiment of the present disclosure, further comprising: determining a RB
in the RB set to use for the transmission of the PSFCH when the first higher layer
parameter is not included in the higher layer parameters.

[326] In an embodiment of the present disclosure, further comprising, when the PSFCH
transmission type is the first type: determining a transmission occasion for the
transmission of the PSFCH; determining that the transmission of the PSFCH is for
hybrid automatic repeat request acknowledgement (HARQ-ACK) information;
determining, based on a second higher layer parameter from the higher layer
parameters, a first set of interlaces, wherein: the second higher layer parameter is
associated with the transmission occasion for the transmission of the PSFCH, and all

RBs in the first set of interlaces are indicated as available; and determining the first
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interlace, from the first set of interlaces, for the transmission of the PSFCH for the
HARQ-ACK information.

[327] In an embodiment of the present disclosure, further comprising, when the PSFCH
transmission type is the first type: determining a transmission occasion for the
transmission of the PSFCH; determining that the transmission of the PSFCH is for
conflict information; determining, based on a second higher layer parameter from
the higher layer parameters, a first set of interlaces, wherein: the second higher layer
parameter is associated with the transmission occasion for the transmission of the
PSFCH, all RBs in the first set of interlaces are indicated as available, and different
interlaces are determined for the first set of interlaces and a second set of interlaces for
hybrid automatic repeat request acknowledgement (HARQ-ACK) information; and
determining the first interlace, from the first set of interlaces, for the transmission of
the PSFCH for the conflict information.

[328] In an embodiment of the present disclosure, further comprising: when the PSFCH
transmission type is the second type, determining, based on a second higher layer
parameter, an index for the second interlace.

[329] In an embodiment of the present disclosure, further comprising: determining a
transmission occasion for the transmission of the PSFCH; determining that the
transmission of the PSFCH is for hybrid automatic repeat request acknowledgement
(HARQ-ACK) information; determining, based on a third higher layer parameter
from the higher layer parameters, a first set of RB groups, wherein: the third higher
layer parameter is associated with the transmission occasion for the transmission of
the PSFCH, all RBs in the first set of RB groups are indicated as available, and RBs
in each RB group in the first set of RB groups are consecutive RBs in an interlace;
and determining a RB group from the first set of RB groups wherein the RB group
includes RBs in the third interlace for the transmission of the PSFCH for HARQ-ACK
information.

[330] In an embodiment of the present disclosure, further comprising: determining a
transmission occasion for the transmission of the PSFCH; determining that the
transmission of the PSFCH is for conflict information; determining, based on a third
higher layer parameter from the higher layer parameters, a first set of RB groups,
wherein: the third higher layer parameter is associated with the transmission occasion
for the transmission of the PSFCH, all RBs in the first set of RB groups are indicated
as available, RBs in a RB group in the first set of RB groups are consecutive RBs in an
interlace, and different RBs are determined for the first set of RB groups and a second
set of RB groups for hybrid automatic repeat request acknowledgement (HARQ-ACK)

information; and determining a RB group from the first set of RB groups, wherein the
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RB group includes RBs in the third interlace for the transmission of the PSFCH for
conflict information.
In an embodiment of the present disclosure, further comprising: determining that

a RB g, in the second interlace is not used for the transmission of the PSFCH, when

a subcarrier spacing of the transmission of the PSFCH is 15 kilohertz (kHz), when:
1) |s, - s,/ < 5 for any RB . in the determined RB group in the third interlace; and

2) |s_max — s_min | > 88, Wherein RB spex is a highest RB in RBs for the transmission
of the PSFCH other than RB 5, and wherein RB snin is a lowest RB in RBs for the
transmission of the PSFCH other than RB ..

In an embodiment of the present disclosure, further comprising: determining a

RB g, in the second interlace is not used for the transmission of the PSFCH, when

a subcarrier spacing of the transmission of the PSFCH is 30 kilohertz (kHz), when:

1) Is,—s;l < 2 for any RB g, in the determined RB group in the third interlace; and
2) |s_max - s_min | > 44, wherein RB sn., is a highest RB in RBs for the transmission
of the PSFCH other than RB 5, and wherein RB smin is a lowest RB in RBs for the
transmission of the PSFCH transmission other than RB .

In an embodiment of the present disclosure, further comprising: determining,
based on a second higher layer parameter from the higher layer parameters, a set
of configurations for a resource pool, wherein the first higher layer parameter is
associated with the set of configurations for the resource pool.

FIGURE 8§ illustrates a structure of a UE according to an embodiment of the
disclosure.

As shown in FIGURE 8, the UE according to an embodiment may include a
transceiver 810, a memory 820, and a processor §30. The transceiver 810, the memory
820, and the processor 830 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 than
those described above. In addition, the processor 830, the transceiver 810, and the
memory 820 may be implemented as a single chip. Also, the processor 830 may
include at least one processor. Furthermore, the UE of FIGURE 8 corresponds to the
UE 111, 112, 113, 114, 115, 116 of the FIGURE 1, respectively.

The transceiver 810 collectively refers to a UE receiver and a UE transmitter, and
may transmit/receive a signal to/from a base station or a network entity. The signal
transmitted or received to or from the base station or a network entity may include

control information and data. The transceiver 810 may include a RF transmitter for up-
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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 810 and components of the transceiver 8§10
are not limited to the RF transmitter and the RF receiver.

Also, the transceiver 8§10 may receive and output, to the processor 830, a signal
through a wireless channel, and transmit a signal output from the processor 830
through the wireless channel.

The memory 820 may store a program and data required for operations of the UE.
Also, the memory 820 may store control information or data included in a signal
obtained by the UE. The memory 820 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 processor 830 may control a series of processes such that the UE operates
as described above. For example, the transceiver 8§10 may receive a data signal
including a control signal transmitted by the base station or the network entity, and the
processor 830 may determine a result of receiving the control signal and the data signal
transmitted by the base station or the network entity.

FIGURE 9 illustrates a structure of a base station according to an embodiment of the
disclosure.

As shown in FIGURE. 9, the base station according to an embodiment may include
a transceiver 910, a memory 920, and a processor 930. The transceiver 910, the
memory 920, and the processor 930 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 than those described above. In addition, the processor 930,
the transceiver 910, and the memory 920 may be implemented as a single chip. Also,
the processor 930 may include at least one processor. Furthermore, the base station of
FIG. 9 corresponds to base station (e.g., BS 101, 102, 103 of FIGURE 1).

The transceiver 910 collectively refers to a base station receiver and a base station
transmitter, and may transmit/receive a signal to/from a terminal(UE) or a network
entity. The signal transmitted or received to or from the terminal or a network entity
may include control information and data. The transceiver 910 may include a 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 910 and components of the

transceiver 910 are not limited to the RF transmitter and the RF receiver.
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Also, the transceiver 910 may receive and output, to the processor 930, a signal
through a wireless channel, and transmit a signal output from the processor 930
through the wireless channel.

The memory 920 may store a program and data required for operations of the base
station. Also, the memory 920 may store control information or data included in a
signal obtained by the base station. The memory 920 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 processor 930 may control a series of processes such that the base station
operates as described above. For example, the transceiver 910 may receive a data
signal including a control signal transmitted by the terminal, and the processor 930
may determine a result of receiving the control signal and the data signal transmitted
by the terminal.

The above flowchart illustrates an example method that can be implemented in
accordance with the principles of the present disclosure and various changes could be
made to the methods illustrated in the flowcharts herein.  For example, while shown
as a series of steps, various steps in each figure could overlap, occur in parallel, occur
in a different order, or occur multiple times. In another example, steps may be omitted
or replaced by other steps.

Any of the above variation embodiments can be utilized independently or in
combination with at least one other variation embodiment.

Although the figures illustrate different examples of user equipment, various changes
may be made to the figures. For example, the user equipment can include any number
of each component in any suitable arrangement. In general, the figures do not limit
the scope of the present disclosure to any particular configuration(s). Moreover, while
figures illustrate operational environments in which various user equipment features
disclosed in this patent document can be used, these features can be used in any other
suitable system.

Although the present disclosure has been described with exemplary 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. None of the descriptions in this application
should be read as implying that any particular element, step, or function is an essential
element that must be included in the claims scope. The scope of patented subject

matter is defined by the claims.
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Claims

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

receiving, from a base station, configuration information including
first information on a first resource block (RB) set for a physical
feedback channel (PSFCH) transmission, second information

on a second RB set for the PSFCH transmission with conflict
information, and PSFCH transmission type information associated
with an interlace within a RB set for the PSFCH transmission; and
transmitting a PSFCH based on the configuration information,
wherein in case that the PSFCH transmission type information
indicates a first type:

all RBs of interlace for the PSFCH transmission with hybrid
automatic repeat request acknowledgement (HARQ-ACK)
information is identified based on the first information, and

all RBs of interlace for the PSFCH transmission with the conflict
information is identified based on the second information.

The method of claim 1, wherein in case that the PSFCH
transmission type information indicates the first type:

a set of interlaces including a number of interlaces is identified
based on the first information or the second information, for

a PSFCH transmission occasion of the PSFCH transmission

with the HARQ-ACK information or a PSFCH transmission
occasion of the PSFCH transmission with the conflict information,
respectively, and

the interlace for the PSFCH transmission with the HARQ-ACK
information and the interlace for the PSFCH transmission with the
conflict information are different.

The method of claim 2, wherein in case that the PSFCH
transmission type information indicates the first type, all RBs of
each of an interlace of the set of interlaces are available for the
PSFCH transmission with the HARQ-ACK information and the
PSFCH transmission with the conflict information.

The method of claim 1, wherein in case that the PSFCH
transmission type information indicates a second type:

a subset of RBs in a first interlace is identified,
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a first subset of RBs in a second interlace associated with the
PSFCH transmission with the HARQ-ACK information is
identified based on the first information,

a second subset of RBs in the second interlace associated with the
PSFCH transmission with the conflict information is identified
based on the second information, and

the first subset of RBs and the second subset of RBs are different.
The method of claim 4, wherein in case that the PSFCH
transmission type information indicates the second type:

the first interlace is indicated by an index of the first interlace, and
the second interlace are indicated by a value related a number

of RBs of the first subset of RBs in the second interlace and

a number of RBs of the second subset of RBs in the second
interlace, and

a number of groups of RBs in the second interlace is identified
based on the first information or the second information, for

the PSFCH transmission occasion of the PSFCH transmission
with the HARQ-ACK information or the PSFCH transmission
occasion of the PSFCH transmission with the conflict information,
respectively.

The method of claim 5, wherein in case that the PSFCH
transmission type information indicates the second type, the
number of groups of RBs in the second interlace associated with
the PSFCH transmission with the HARQ-ACK information or the
PSFCH transmission with the conflict information is a multiple
of the number of RBs of the first subset of RBs in the second
interlace or the second subset of RBs in the second interlace.

The method of claim 1, further comprising:

receiving, from the base station, information on a number of
candidate transmission occasions for the PSFCH transmission,
wherein the PSFCH transmission is attempted over first the
number of candidate transmission occasions slots after last slot of
a physical sidelink shared channel (PSSCH) reception, and
wherein the PSFCH transmission is attempted in a slot of the
number of candidate transmission occasions slots, only when

the PSFCH transmission is failed in all previous slots within the

number of candidate transmission occasions slots.



WO 2025/014331

[Claim 8]

[Claim 9]

48
PCT/KR2024/010048

The method of claim 7, wherein the PSFCH transmission with

the conflict information corresponding to a reserved resource
indicated in a sidelink control information (SCI) is performed
based on a value indicating a reference slot for identifying a
PSFCH transmission occasion of the PSFCH transmission with
the conflict information,

wherein, in case that the value is a first value:

the PSFCH transmission is attempted over first the number of
candidate transmission occasions slots after last slot of a physical
sidelink control channel (PSCCH) reception that provides the SCI,
and

in case that a PSFCH resource is in a slot within the number of
candidate transmission occasions slots that is at least a number of
slots before a resource associated with the conflict information,
the PSFCH transmission with the conflict information is attempted
in the slot, and

wherein, in case that the value is a second value,

the PSFCH transmission is attempted over latest the number

of candidate transmission occasions slots before a slot of the
resource associated with the conflict information,

in case that the PSFCH resource is in a slot that is at least slots
corresponding to a minimum time gap between the PSFCH and
an associated PSSCH after a slot of the PSCCH reception that
provides the SCI, the PSFCH transmission with the conflict
information is attempted in the slot.

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

a transceiver; and

a controller coupled with the transceiver,

wherein the controller is configured to:

receive, from a base station, configuration information including
first information on a first resource block (RB) set for a physical
feedback channel (PSFCH) transmission, second information

on a second RB set for the PSFCH transmission with conflict
information, and PSFCH transmission type information associated
with an interlace within a RB set for the PSFCH transmission, and

transmit a PSFCH based on the configuration information,
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wherein in case that the PSFCH transmission type information
indicates a first type:

all RBs of interlace for the PSFCH transmission with hybrid
automatic repeat request acknowledgement (HARQ-ACK)
information is identified based on the first information, and

all RBs of interlace for the PSFCH transmission with the conflict
information is identified based on the second information.

The UE of claim 9, wherein in case that the PSFCH transmission
type information indicates the first type:

a set of interlaces including a number of interlaces is identified
based on the first information or the second information, for

a PSFCH transmission occasion of the PSFCH transmission

with the HARQ-ACK information or a PSFCH transmission
occasion of the PSFCH transmission with the conflict information,
respectively, and

the interlace for the PSFCH transmission with the HARQ-ACK
information and the interlace for the PSFCH transmission with the
conflict information are different.

The UE of claim 10, wherein in case that the PSFCH transmission
type information indicates the first type, all RBs of each of an
interlace of the set of interlaces are available for the PSFCH
transmission with the HARQ-ACK information and the PSFCH
transmission with the conflict information.

The UE of claim 9, wherein in case that the PSFCH transmission
type information indicates a second type:

a subset of RBs in a first interlace is identified,

a first subset of RBs in a second interlace associated with the
PSFCH transmission with the HARQ-ACK information is
identified based on the first information,

a second subset of RBs in the second interlace associated with the
PSFCH transmission with the conflict information is identified
based on the second information, and

the first subset of RBs and the second subset of RBs are different.
The UE of claim 12, wherein in case that the PSFCH transmission
type information indicates the second type:

the first interlace is indicated by an index of the first interlace, and
the second interlace are indicated by a value related a number

of RBs of the first subset of RBs in the second interlace and
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a number of RBs of the second subset of RBs in the second
interlace, and

a number of groups of RBs in the second interlace is identified
based on the first information or the second information, for

the PSFCH transmission occasion of the PSFCH transmission
with the HARQ-ACK information or the PSFCH transmission
occasion of the PSFCH transmission with the conflict information,
respectively.

The UE of claim 13, wherein in case that the PSFCH transmission
type information indicates the second type, the number of groups
of RBs in the second interlace associated with the PSFCH
transmission with the HARQ-ACK information or the PSFCH
transmission with the conflict information is a multiple of the
number of RBs of the first subset of RBs in the second interlace or
the second subset of RBs in the second interlace.

The UE of claim 11, wherein the controller is further configured
to:

receive, from the base station, information on a number of
candidate transmission occasions for the PSFCH transmission,
wherein the PSFCH transmission is attempted over first the
number of candidate transmission occasions slots after last slot of
a physical sidelink shared channel (PSSCH) reception, and
wherein the PSFCH transmission is attempted in a slot of the
number of candidate transmission occasions slots, only when

the PSFCH transmission is failed in all previous slots within the

number of candidate transmission occasions slots.



WO 2025/014331

[Fig. 1]

1/6

130

101

Network

oy —~
/
/
/
/
] Y
| 103~ BS
\
\
AN
\
AN
\ - _—_—
[Fig. 2]

PCT/KR2024/010048

111A
~ 111B
UE al
UE ] 111c
o~
. UE
111 120
/ N
102 \
‘ 12
/ \ « L /
R \//L’ \\ 13/
| UE |/ E [T
\ /| UE |14 Y.
\\/ Y
/ >~ //
/ \/__/
-
//
102

TZOSa {21 03

205
T “ <2100

YZOSn ;2 100

| TRANSCEIVER = | TRANSCEIVER , | TRANSCEIVER
A
i l f
CONTROLLER/ ~ |225
PROCESSOR
BACKHAUL/ |
NETWORK IF
<230

MEMORY




2/6

WO 2025/014331 PCT/KR2024/010048

[Fig. 3]
116
305
310 |
5330 TRANSCEIVER(S)
< |
SPEAKER 7
€
320
MICROPHONE
345 J, v 5340 5350
<« INPUT
I0F < > PROCESSOR
5. DISPLAY
i <360 355
MEMORY

OPERATING SYSTEM |7~ 361

APPLICATIONS T~ 362




3/6

PCT/KR2024/010048

WO 2025/014331

[Fig. 4A]

00¥
~
TANNVHD XI434d Ll ‘00 AL
Ol < o [« DO < S0Id (€ pinc (€] d0US [« oman) («— Mo
aay TANNYHD
sy Gob 0er 6L 0Ly G0p°




4/6

PCT/KR2024/010048

WO 2025/014331

[Fig. 4B]

05p
\I\
110 L L4 XI434d TANNYHD
jlyg €1 B0 €| SOLd (€ (Ao € d0LS €| DD < 0 [€— WO
TANNYHD INOWTY
08y Gl 0Ly Gy 097> el




5/6

WO 2025/014331 PCT/KR2024/010048
[Fig. 5]
500
s|-PSFCH-Period s|-MinTimeGapPSFCH slot
— N

v

PSFCH TX PSSCH with HARQ ~ HARQ TX for
occasion enabled PSSCH
[Fig. 6]

s|-PSFCH-Period

sl-NumSubChannel <

i=01



WO 2025/014331

[Fig. 7]

6/6

A UE receives a set of (pre-)configurations

The UE determines a type of PSFCH

The UE determines the RBs for PSFCH
based on at least one interlace index

The UE determines the sequence for the
PSFCH

700

701
702
703

704

The UE transmits/receives the PSFCH }»705

[Fig. 8]

TRANSCEIVER |~ 810
830 —  PROCESSOR

MEMORY |~ 820
[Fig. 9]

TRANSCEIVER |~ 910
930 —  PROCESSOR

MEMORY |~ 920

PCT/KR2024/010048



INTERNATIONAL SEARCH REPORT International application No.
PCT/KR2024/010048

A. CLASSIFICATION OF SUBJECT MATTER

HO4L 5/00(2006.01)i; HO4L 1/1812(2023.01)i; HO4L 1/1829(2023.01)i; HO4W 72/0446(2023.01)i; HO4W 72/25(2023.01)i;
H04W 72/40(2023.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

HO04L 5/00(2006.01); HO4L 1/18(2006.01); HO4W 4/40(2018.01); HO4W 72/25(2023.01)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

eKOMPASS(KIPO internal) & Keywords: physical sidelink feedback channel (PSFCH), mapping, configure, RB (resource
block), set, conflict, type, interlace, index

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

US 2021-0084462 Al (LG ELECTRONICS INC.) 18 March 2021 (2021-03-18)
A paragraphs [0210]-[0215]; and figure 19 1-15

US 2023-0136864 Al (LENOVO (BEIUING) LTD.) 04 May 2023 (2023-05-04)

A paragraphs [0111]-[0128]; and figures 6-7 1-15

US 2021-0288778 Al (INNOVATIVE TECHNOLOGY LAB CO., LTD.) 16 September 2021
(2021-09-16)
A paragraphs [0171]-[0189]; and figure 11 1-15

HUAWETI et al., "Physical channel design for sidelink operation over unlicensed spectrum’, R1-2304662,
3GPP TSG-RAN WGI Meeting #113, Incheon, Korea, 15 May 2023

A section 2 1-15

NTT DOCOMO, INC., "Discussion on channel design framework in SL-U", R1-2305600, 3GPP TSG
RAN WG #113, Incheon, Korea, 15 May 2023

A section 2 1-15

D Further documents are listed in the continuation of Box C. See patent family annex.

*  Special categories of cited documents: “T” later document published after the international filing date or priority

«A” document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand the
to be of particular relevance principle or theory underlying the invention

“D” document cited by the applicant in the international application “X” document of particular relevance; the claimed invention cannot be

“g» earlier application or patent but published on or after the international considered novel or cannot be considered to involve an inventive step
filing date when the document is taken alone

“L” document which may throw doubts on priority claim(s) or which is “Y> document of particular relevance; the claimed invention cannot be
cited to establish the publication date of another citation or other considered to involve an inventive step when the document is
special reason (as specified) combined with one or more other such documents, such combination

“0” document referring to an oral disclosure, use, exhibition or other being obvious to a person skilled in the art
means “&” document member of the same patent family

«p>” document published prior to the international filing date but later than
the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report
22 October 2024 22 October 2024
Name and mailing address of the [SA/KR Authorized officer
Korean Intellectual Property Office
189 Cheongsa-ro, Seo-gu, Daejeon YANG, Jeong Rok
35208, Republic of Korea
Facsimile No. +82-42-481-8578 Telephone No. +82-42-481-5709

Form PCT/ISA/210 (second sheet) (July 2022)




INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members

PCT/KR2024/010048
. Patf‘/nt document Publication date Patent family member(s) Publication date
cited in search report (day/month/year) (day/month/year)
uUs 2021-0084462 Al 18 March 2021 JP 2022-522836 A 20 April 2022
JP 7154436 B2 17 October 2022
uUs 10873838 B2 22 December 2020
us 11711677 B2 25 July 2023
uUs 2020-0288286 Al 10 September 2020
uUs 2023-0136864 Al 04 May 2023 CN 115428565 A 02 December 2022
EP 4128958 Al 08 February 2023
EP 4128958 A4 20 December 2023
KR 10-2022-0159995 A 05 December 2022
WO 2021-189428 Al 30 September 2021
uUs 2021-0288778 Al 16 September 2021 CN 112930658 A 08 June 2021
EP 3876460 Al 08 September 2021
EP 3876460 A4 10 August 2022
KR 10-2020-0050848 A 12 May 2020

Form PCT/ISA/210 (patent family annex) (July 2022)



	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - description
	Page 45 - description
	Page 46 - description
	Page 47 - description
	Page 48 - claims
	Page 49 - claims
	Page 50 - claims
	Page 51 - claims
	Page 52 - claims
	Page 53 - drawings
	Page 54 - drawings
	Page 55 - drawings
	Page 56 - drawings
	Page 57 - drawings
	Page 58 - drawings
	Page 59 - wo-search-report
	Page 60 - wo-search-report

