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Description
Title of Invention: APPARATUS AND METHOD FOR

SUPPORTING TSC
Technical Field

The disclosure relates to an apparatus and a method for supporting time sensitive
communication (TSC). More particularly, the disclosure relates to an apparatus and a
method for providing time synchronization between terminals by interconnecting a
time sensitive network (TSN) with a 5G system (5GS) as a wireless communication

system.

Background Art

In order to meet the increasing demand with respect to wireless data traffic after the
commercialization of 4G communication systems, efforts have been made to develop
improved 5G communication systems or pre-5G communication systems. For this
reason, SG communication systems or pre-5G communication systems are called
Beyond 4G network communication systems or Post LTE systems. In order to achieve
a high data transmission rate, consideration is given to implementing 5G commu-
nication systems in millimeter wave (mmW) frequency bands (e.g., 80 giga-Hertz
(GHz) bands). In order to reduce propagation path loss of radio waves and increase a
propagation distance of radio waves in the millimeter wave frequency bands, in 5G
communication systems, discussions are underway about technologies such as beam-
forming, massive multiple input multiple output (MIMO), full dimensional MIMO
(FD-MIMO), array antenna, analog beam-forming, and large scale antenna. Also, in
order to improve networks of systems, in 5G communication systems, developments of
technologies such as evolved small cell, advanced small cell, cloud radio access
network (cloud RAN), ultra-dense network, device to device communication (D2D),
wireless backhaul, moving network, cooperative communication, coordinated multi-
points (CoMP), and interference cancellation are underway. Furthermore, in 5G com-
munication systems, developments of an advanced coding modulation (ACM) scheme
such as hybrid frequency shift key (FSK) and quadrature amplitude modulation
(FQAM) and sliding window superposition coding (SWSC) and an enhanced network
access scheme such as filter bank multi carrier (FBMC), non-orthogonal multiple
access (NOMA), or sparse code multiple access (SCMA) are underway.

The Internet is being developed from a human-centered network via which people
generate and consume information to an Internet of Things (IoT) network via which
distributed components, such as things, transmit or receive information to or from each

other and process the information. Internet of Everything (IoE) technology in which
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big data processing technology is combined with IoT technology via connection with a
cloud server or the like, is emerging. To implement IoT, technical elements, such as
sensing technology, a wired/wireless communication and network infrastructure,
service interface technology, and security technology, are required, and thus a sensor
network, machine to machine (M2M) communication, machine type communication
(MTC), and the like for connection between things have recently been studied. In IoT
environments, an intelligent Internet Technology (IT) service for collecting and
analyzing data generated by connected things and creating a new value in people's
lives may be provided. IoT is applicable to various fields, such as smart homes, smart
buildings, smart cities, smart cars or connected cars, smart grids, health care, smart
home appliances, and advanced medical care, via the fusion and combination of

existing information technology (IT) with various industries.
Accordingly, various attempts are being made to apply 5G communication systems

to IoT networks. For example, technology such as a sensor network, M2M commu-
nication, or MTC is implemented by 5G communication technology such as beam-
forming, MIMO, or array antenna. The application of a cloud RAN as big data
processing technology may also be considered as an example of convergence of 5G
technology and IoT technology.

Because the provision of various services is enabled due to the developments of the
above-described wireless communication systems, methods of smoothly providing
time synchronization between terminals by interconnecting a time sensitive network

(TSN) with a wireless communication system are required.
Disclosure of Invention

Solution to Problem

Provided are a method and apparatus capable of effectively supporting services in a
wireless communication system.

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

According to an embodiment of the disclosure, a method, performed by a network
entity, of performing time sensitive communication (TSC) includes: establishing a first
protocol data unit (PDU) session with a first user equipment (UE) and a second PDU
session for a second UE; receiving, from the first UE, an announce message obtained
from a first time sensitive network (TSN) node; configuring, based on the announce
message, a port state of the network entity; and transmitting, to the second UE or a
second TSN node, the announce message.

The port state of the network entity may be determined by a user plane function
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(UPF) or a time sensitive network application function (TSN AF).

A port state of the first UE may be a slave state, and the port state of the network
entity and a port state of the second UE may each be a master state.

The method may further include: receiving, from the first UE, a sync frame by using
the first PDU session; performing local switching on the sync frame; and transmitting,
to the second UE, the sync frame by using the second PDU session, wherein a sum of a
uplink (UL) UE-device-side-TSN-translator (DS-TT) residence time, a first packet
delay budget (PDB) of the first PDU session and a downlink (DL) UE-DS-TT
residence time, and a second PDB of the second PDU session is less than 10 mil-
liseconds (ms).

TSC assistance information (TSCAI) may be determined, by a session management
function (SMF), based on a first burst arrival time (BAT) for the first PDU session and
a second BAT of the second PDU session.

A port of the first UE and a port of the second UE may be determined by a TSN ap-
plication function (TSN AF).

Second schedule information for the second PDU session may correspond to a result
of (first schedule information for the first PDU session) + (device-side TSN translator
(DS-TT-UE) residence time for uplink (UL)) + (UL PDB) + (UE-to-UE UPF
Residence Time) - (downlink (DL) residence time).

According to an embodiment of the disclosure, a network entity for performing time
sensitive communication (TSC) includes: a network-side time sensitive network
translator (NW-TT); and at least one processor connected with the NW-TT and
configured to: establish a first protocol data unit (PDU) session with a first user
equipment (UE) and a second PDU session for a second UE; receive, from the first
UE, an announce message obtained from a first time sensitive network (TSN) node;
configure, based on the announce message, a port state of the network entity; and
transmit, to the second UE or a second TSN node, the announce message.

The port state of the network entity may be determined by a user plane function
(UPF) or a time sensitive network application function (TSN AF).

A port state of the first UE may be a slave state, and the port state of the network
entity and a port state of the second UE may each be a master state.

The at least one processor may be further configured to: receive, from the first UE, a
sync frame by using the first PDU session; perform local switching on the sync frame;
and transmit, to the second UE, the sync frame by using the second PDU session,
wherein a sum of a uplink (UL) UE-device-side-TSN-translator (DS-TT) residence
time, a first packet delay budget (PDB) of the first PDU session and a downlink (DL)
UE-DS-TT residence time, and a second PDB of the second PDU session is less than
10 ms.
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TSC assistance information (TSCAI) may be determined, by a session management
function (SMF), based on a first burst arrival time (BAT) for the first PDU session and
a second BAT of the second PDU session.

S port of the first UE and a port of the second UE may be determined by a TSN ap-
plication function (TSN AF).

Second schedule information for the second PDU session may correspond to a result
of (first schedule information for the first PDU session) + (device-side TSN translator
(DS-TT-UE) residence time for uplink (UL)) + (UL PDB) + (UE-to-UE UPF
Residence Time) - (downlink (DL) residence time).

According to an embodiment of the disclosure, a method, performed by a first user
equipment (UE), of performing time sensitive communication (TSC) includes: es-
tablishing a first protocol data unit (PDU) session with a network entity; receiving,
from the network entity, an announce message obtained from a second UE; and con-
figuring, based on the announce message, a port state of the first UE, wherein the
network entity establishes a second PDU session with the second UE, and wherein the
second UE obtains the announce message from a first time sensitive network (TSN)
node.

A port state of the first UE may be a slave state, and the port state of the first UE and
a port state of the network entity may each be a master state.

First schedule information for the first PDU session may correspond to a result of
(second schedule information for the second PDU session) + (device-side TSN
translator (DS-TT-UE) residence time for uplink (UL)) + (UL packet delay budget
(PDB)) + (UE-to-UE user plane function (UPF) Residence Time) - (downlink (DL)
residence time).

According to an embodiment of the disclosure, a first user equipment (UE) for
performing time sensitive communication (TSC) includes: a device-side time sensitive
translator (DS-TT); and at least one processor connected with the DS-TT and
configured to: establish a first protocol data unit (PDU) session with a network entity;
receive, from the network entity, an announce message obtained from a second UE;
and configure, based on the announce message, a port state of the first UE, wherein the
network entity establishes a second PDU session with the second UE, and wherein the
second UE obtains the announce message from a first time sensitive network (TSN)
node.

A port state of the second UE may be a slave state, and the port state of the first UE
and a port state of the network entity may each be a master state.

First schedule information for the first PDU session may correspond to a result of
(second schedule information for the second PDU session) + (device-side TSN
translator (DS-TT-UE) residence time for uplink (UL)) + (UL packet delay budget
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(PDB)) + (UE-to-UE user plane function (UPF) Residence Time) - (downlink (DL)

residence time).
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 terms "include" and "comprise," as well as derivatives thereof, mean
inclusion without limitation; the term "or," is inclusive, meaning and/or; the phrases
"associated with" and "associated therewith," as well as derivatives thereof, may mean
to include, be included within, interconnect with, contain, be contained within, connect
to or with, couple to or with, be communicable with, cooperate with, interleave,
juxtapose, be proximate to, be bound to or with, have, have a property of, or the like;
and the term "controller" means any device, system or part thereof that controls at least
one operation, such a device may be implemented in hardware, firmware or software,
or some combination of at least two of the same. It should be noted that the func-
tionality associated with any particular controller may be centralized or distributed,
whether locally or remotely.

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

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

and phrases.
Brief Description of Drawings

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

FIG. 1 illutrates a view for explaining a principle of time synchronization over
Ethernet of a time sensitive network (TSN), according to an embodiment of the
disclosure;

FIG. 2 illustrates a scenario of supporting TSN time synchronization of a 5G
network, according to an embodiment of the disclosure;

FIG. 3 illustrates a method in which a 5G network supports TSN time synchro-
nization, according to an embodiment of the disclosure;

FIG. 4 illutrates a schematic diagram for explaining a Management function
according to an embodiment of the disclosure;

FIG. 5 illustrates a structure in which a 5G network interoperates with TSN
Management, according to an embodiment of the disclosure;

FIG. 6 illutrates a schematic diagram illustrating a method of utilizing time sensitive
communication (TSC) assistance information (TSCAI), according to an embodiment of
the disclosure;

FIG. 7 illustrates an inter-UE Time Synchronization scenario when a Grand Master
(GM) of a TSN exists on the side of a user equipment (UE), according to an em-
bodiment of the disclosure;

FIG. 8 illustrates a scenario in which a 5G network interoperates with TSN
Management for achieving TSC support between UEs, according to an embodiment of
the disclosure;

FIG. 9 illustrates a scenario in which a 5G Network utilizes TSCAI to achieve TSC
support between UEs, according to an embodiment of the disclosure;

FIG. 10 illutrates a flowchart of an inter-UE Time Synchronization scenario when a
TSN GM exists on the side of a UE, according to an embodiment of the disclosure;

FIG. 11 illutrates a flowchart of a process of supporting inter-UE time synchro-
nization, according to an embodiment of the disclosure;

FIG. 12 illutrates a flowchart of a process of supporting time synchronization by
transmitting Sync Frame in a multi-cast manner, according to an embodiment of the
disclosure;

FIG. 13 illutrates a flowchart of a process in which, when a GM of TSN exists on the
side of a UE, a session management function (SMF) performs a Best Master Clock
Algorithm (BMCA) by managing information, according to an embodiment of the
disclosure;

FIG. 14 illutrates a flowchart of a process in which, when a GM of TSN exists on the
side of a UE, a user plane function (UPF) performs a BMCA by managing information,

according to an embodiment of the disclosure;
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FIG. 15 illutrates a flowchart of a process in which, when a GM of TSN exists on the
side of a UE, a time sensitive network (TSN) application function (AF) performs a

BMCA by managing information, according to an embodiment of the disclosure;
FIG. 16 illutrates a flowchart of a process in which, when a GM of a TSN exists on

the side of a UE, a policy control function (PCF) performs a BMCA by managing in-
formation, according to an embodiment of the disclosure;

FIG. 17 illutrates a flowchart of a process in which an SMF applies TSCAI to a 3rd
Generation Partnership Project (3GPP) network by managing information in order to
support TSC from a UE to another UE, according to an embodiment of the disclosure;

FIG. 18 illutrates a flowchart of a process in which a UPF applies TSCAI to a 3GPP
network by managing information in order to support TSC from a UE to another UE,
according to an embodiment of the disclosure;

FIG. 19A illutrates a flowchart of a process in which a TSN AF applies TSCAl to a
3GPP network by managing information in order to support TSC from a UE to another
UE, according to an embodiment of the disclosure;

FIG. 19B illutrates a flowchart of a process in which a TSN AF manages schedule in-
formation for a new PCF session, according to an embodiment of the disclosure;

FIG. 20A illutrates a flowchart of a process in which a PCF applies TSCAI to a
3GPP network by managing information in order to support TSC from a UE to another
UE, according to an embodiment of the disclosure;

FIG. 20B illutrates a flowchart of a process in which a PCF manages schedule in-
formation for a new PCF session, according to an embodiment of the disclosure;

FIG. 21 illutrates a block diagram of a UE according to an embodiment of the
disclosure; and

FIG. 22 illutrates a block diagram of a network entity according to an embodiment of
the disclosure.

Mode for the Invention

FIGS. 1 through 22, discussed below, and the various embodiments used to describe
the principles of the present disclosure in this patent document are by way of il-
lustration only and should not be construed in any way to limit the scope of the
disclosure. Those skilled in the art will understand that the principles of the present
disclosure may be implemented in any suitably arranged system or device.

Operation principles of the disclosure will now be described more fully with
reference to the accompanying drawings. While describing the disclosure, detailed de-
scription of related well-known functions or configurations may be omitted when it is
deemed that they may unnecessarily obscure the essence of the disclosure. Also, terms

used below are defined in consideration of functions in the disclosure, and may have
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different meanings according to an intention of a user or operator, customs, or the like.
Thus, the terms should be defined based on the description throughout the speci-
fication.

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

Examples of a terminal may include a user equipment (UE), a mobile station (MS), a
cellular phone, a smartphone, a computer, a multimedia system capable of performing
a communication function, or the like.

In the disclosure, a controller may also be referred to as a processor.

Throughout the specification, a layer (or a layer apparatus) may also be referred to as
an entity.

As used in the following description, terms identifying access nodes, terms indicating
network entities, terms indicating messages, terms indicating interfaces between
network entities, terms indicating various types of identification information, etc. are
exemplified for convenience of explanation. Accordingly, the disclosure is not limited
to terms to be described later, and other terms representing objects having the
equivalent technical meaning may be used.

Hereinafter, for convenience of description, the disclosure uses terms and names
defined in a 5 * generation (5G) system (5GS) standard and a New Radio (NR)
standard, which are the latest standards defined in the 3rd Generation Partnership
Project (3GPP), from among current communication standards. However, the
disclosure is not limited to the terms and names but may also be identically applied to
wireless communication networks that comply with other standards. In particular, the
disclosure may be applied to the 3GPP SGS/NR (5G mobile communications
standard).

Time synchronization of related nodes is needed to support scenarios such as factory
automation. In particular, in a situation requiring precise work, the accuracy of time
synchronization needs to be high. When using Ethernet for industrial purposes, time
sensitive networking (TSN) technology, which is a method of supporting time synchro-
nization between Ethernet-connected notes, has been studied and has been com-
mercially used.

FIG. 1 is a view for explaining a time synchronization principle on Ethernet of TSN,
according to an embodiment of the disclosure.

In a manufacturing site, various networks may be used according to the configuration
requirements of equipment and systems necessary for each factory. When networks
with different standards are used, there may be difficulties in flexible system

management. According to an embodiment of the disclosure, an apparatus and method
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of synchronizing times between TSN nodes when the TSN nodes operate according to
different time standards are provided.

Nodes of Time Synchronization in Ethernet (TSN) (hereinafter, TSN nodes) may
determine a Grand Master (GM) which serves as a reference. When TSN Node0 is de-
termined to be a GM, TSN Node0 may generate Sync Frame by inserting a current
time of the GM in a Timestamp field and filling a Correction field with 0, and may
transmit the generated Sync Frame to a next node. TSN Nodel, which is the next node,
may receive Sync Frame subjected to Link Delay 1, and update the Correction field by
taking into account up to Residence Timel as a time during which the received Sync
Frame resides in TSN Nodel, thereby generating Sync Frame and transmitting the
same to TSN Node2 which is a next node. TSN Node2 may receive Sync Frame
subjected to Link Delay 2, and update the Correction field by taking into account up to
Residence Time?2 as a time during which the received Sync Frame resides in TSN
Node2, thereby generating Sync Frame and transmitting the same to a next node (not
shown). Each node periodically measures a delay time for a link with a previous node
and calculates and manages an average of measured delay times. In addition, each
node may have a method of calculating a residence duration in its own node.

FIG. 2 illustrates a scenario of supporting TSN time synchronization of a 5G
network, according to an embodiment of the disclosure.

In detail, FIG. 2 illustrates a factory automation scenario that supports mobility of a
UE, to which the 5G network has been applied. In this case, the 5G network may
support TSN. Referring to FIG. 2, Actuator A may include a UE-side component. For
example, Actuator A may include a UE, and a TSN Node connected to the UE. A
3GPP network may include a base station and some components of a core network. For
example, the 3GPP network may include, but is not limited to, a UE, a gNB, and a user
plane function (UPF). Referring to FIG. 2, the 3GPP network may be connected to a
factory network. The factory network may include a TSN Ethernet switch and a
controller B connected via a wired network, but embodiments are not limited thereto.
The factory network may include other components.

FIG. 3 illustrates a method in which the 5G network supports TSN time synchro-
nization, according to an embodiment of the disclosure.

FIG. 3 is a schematic diagram for explaining a method in which the 5G network
supports TSN in such a situation as shown in FIG. 2. In the disclosure, the 5G network
is referred to as a network including a UE, a gNB, and an UPF. In detail, the 5G
network including a UE, a gNB, and an UPF is modelled to one TSN Bridge (TSN
node) of FIG. 1. In other words, UPF-gNB-UE as the 5G network may operate as a
single TSN node, and this TSN node may support TSN by updating Sync Frame by
correcting Link Delay and Residence Time. To this end, it is assumed that the UPF, the
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gNB, and the UE within the 5G network are synchronized with a common 5G GM. For
example, the gNB may be connected to a GPS, the UPF may be connected to the gNB
via Ethernet-based TSN and synchronized with the gNB, and the UE may be syn-
chronized with the gNB by transmitting and receiving PHY Frame to and from the
gNB. The UPF may be connected to a TSN node of a wired network, and the UE may
also be connected to a TSN node of a wired network. Referring to FIG. 3, because the
GM of TSN exists in the TSN node connected to the UPF, the UPF receives Sync
Frame from the TSN node connected to the UPF. The UPF records Ingress Time of the
received Sync Frame as a time point based on the 5G GM. The UPF may periodically
calculate and manage Link Delay with the TSN node connected to the UPF. The UPF
may deliver Sync Frame including Ingress Time and Link Delay to the UE. The UE
may calculate Residence Time, which is a residence time within the SG network, as a
5G GM-based time of the moment when Sync Frame is transmitted to the TSN node
connected to the UE. For example, the UE may calculate Residence Time and Link
Delay, based on a 5G GM-based time of the moment when Ingress Time recorded as a
5G GM-based time and Sync Frame are transmitted to the TSN Node. The UE may
generate Sync Frame by updating a Correction field by using the Residence Time and
the Link Delay, and may transmit the generated Sync Frame to the TSN node
connected to the UE.

FIG. 4 is a diagram for explaining a Management function of TSN according to an
embodiment of the disclosure.

There are two types of TSN nodes: a bridge and an end-station. A bridge from among
the TSN nodes may send its own Port configuration and its own Scheduling capability
to a centralized network configuration (CNC) server, and an end-station from among
the TSN nodes may send, to the CNC server, information of time sensitive commu-
nication (TSC) Stream 1 that is transmitted/received. The CNC server may inform
schedule information at each TSN node for each stream, and the TSN nodes may
reflect the schedule information to ensure that the stream is delivered while undergoing
a certain delay. For example, when Stream 1 is transmitted by a Talkers Node
(End-Station) and a transmission period of Stream 1 is 10 ms, a Listeners Node
(End-Station) needs to receive Stream 1 within 10 ms after a time point when Stream 1
is transmitted. Referring to FIG. 3, each Bridge Node reports a predetermined delay
time and a link delay to the CNC server. For example, each Bridge Node may report,
to the CNC server, that the delay time at each of Bridges 1, 2, 3, and 4 is 1 ms or less
and the link delay is 1 ms or less. In this case, when an arrival expected time period at
Bridge 1 is 1 ms, an arrival expected time period at Bridge 2 is 3 ms, and an arrival
expected time period at Bridge 3 is 5 ms, and an arrival expected time period at Bridge

4 is 7 ms, Bridges 1 through 4 may report their pieces of delay time information to the
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CNC server. In this case, a total delay time at Bridges 1 through 4 is 16 ms, and thus
the CNC server may transmit, to each TSN nodes (Bridge Node), scheduling in-
formation indicating that Stream 1 needs to be transmitted with a predetermined delay
time of 10 ms or less. In this case, arrival at a Listener Node at 9ms is anticipated, and
thus a requirement that Stream 1 needs to be transmitted within 10 ms is satisfied.

FIG. 5 illustrates a structure in which the 5G network interoperates with TSN
Management, according to an embodiment of the disclosure.

Connection between a UPF and external TSN may be performed by a logical
function block called a Network-side TSN Translator (NW-TT), and connection
between a UE and external TSN may be performed by a logical function block called a
Device-Side TSN Translator (DS-TT). They may transmit information as Port within a
single logical TSN Bridge as the 5G network to a TSN AF, and the TSN AF may
perform Management interoperation with external TSN. When the external TSN is
managed via a CNC server, the TSN AF may also interoperate with the CNC server.

FIG. 6 is a schematic diagram illustrating a method of utilizing TSC Assistance In-
formation (TSCALI), according to an embodiment of the disclosure.

As described above with reference to FIG. 4, the CNC server may inform schedule
information of each TSN node for each stream. The 5G network may receive the re-
spective pieces of schedule information of the TSN nodes via a TSN AF. The 5G
network may ascertain a period of the stream and an expected arrival time in the 5G
network from the pieces of schedule information of the TSN nodes. However, because
the period and the expected arrival time are written based on a TSN GM, a session
management function (SMF) converts the period and the expected arrival time, based
on the 5G GM. Downlink Traffic may be corrected as much correction as a Core
Network Packet Delay Budget (CN-PDB) that is a maximum value of a delay time
when a packet arrives at the gNB. To this end, the SMF delivers information called
TSCAI to the gNB. The TSCAI includes information such as UL/DL, Periodicity, and
Burst Arrival Time, from among which Burst Arrival Time is a result of reflecting CN-
PDB correction and 5G GM-based time translation in schedule information of a stream
received from the CNC server, as described above.

FIG. 7 illustrates an inter-UE Time Synchronization scenario when a GM of TSN
exists on the side of a UE, according to an embodiment of the disclosure.

In the related art, a scenario where a TSN GM exists on the side of an external TSN
node connected to an UPF as shown in FIG. 2, and the TSN GM and a UE or the TSN
GM and a TSN node connected to the UE support Time Synchronization was
considered. In this case, only cases are assumed, where Time Synchronization between
UEs, between a UE and external TSN nodes connected to the UE, or between external

TSN nodes connected to UEs is each indirectly performed via synchronization with the
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TSN GM connected to the UPF. However, a case where the TSN GM is connected to a
UE or a TSN node connected to the UE is also possible. For example, a case where a
controller mounted on a moving vehicle controls a robot or electronic device having a
position movement function is also possible. Because real-time monitoring and control
of a user are important, a laptop computer or a tablet carriable by the user may serve as
a GM of TSN, and thus operations of neighboring moving devices may be precisely
controlled based on the laptop computer or tablet. In this case, Time Synchronization
may be supported between not only UEs belonging to the same base station but also
UESs belonging to different base stations.

FIG. 8 illustrates a scenario in which a 5G network interoperates with TSN
Management for achieving TSC support between UEs, according to an embodiment of
the disclosure.

Interoperation between a 5G network and TSN Management due to the TSN AF
collecting information of a NW-TT/UPF and a DS-TT/UE and exchanging the
collected information with the CNC server as shown in FIG. 5 has been described
above with reference to FIG. 2. In this case, an Establishment/Modification process
with respect to a single PDU Session including a NW-TT/UPF and a DS-TT/UE is
used. However, in such a situation as shown in FIG. 7 where a TSN GM is located on
the side of a UE and thus Time Synchronization between UEs is necessary, a plurality
of PDU sessions configured by connection between a UPF and a UE may be necessary.
For example, because pieces of information of the NW-TT/UPF and the DS-TT/UE are
collected for a single PDU session by a TSN AF in a single 5G network, two PDU
Sessions are needed as shown in FIG. 8, in order to collect pieces of information for
two UEs. Although two UEs exist in FIG. 8, the number of UEs is not limited thereto,
and a plurality of UEs may exist.

FIG. 9 illustrates a scenario in which a 5G Network utilizes TSCAI to achieve TSC
support between UEs, according to an embodiment of the disclosure.

As shown in FIG. 8, a TSN AF may collect TSN-related information by using two
PDU sessions. Referring to FIG. 9, collected PDU session information may in-
teroperate with a CNC server via the TSN AF. To this end, the collected PDU session
information is delivered along a path such as UE-SMF-PCF-AF or UPF-
SME-PCF-AF. Because schedule information received by the CNC server is based on
the TSN GM, a writing basis of Burst Arrival Time of TSCAI reflected in gNB1 on the
side of Ingress UEI needs to change from the TSN GM to the 5G GM. The writing
basis of Burst Arrival Time of TSCAI delivered to gNB2 on the side of UE2 needs to
change from the TSN GM to the 5G GM, and Burst Arrival Time needs to be corrected
by Uplink PDB1 and Downlink CN-PDB2, which are delay times within 5GS.
Although it is clear that an SMF transmits two pieces of TSCAI, there are many
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choices as to when the information received from the CNC server is split into two.

FIG. 10 is a flowchart of an inter-UE Time Synchronization scenario when a TSN
GM exists on the side of a UE, according to an embodiment of the disclosure.

When the TSN GM exists on the side of the UE as shown in FIG. 7, the UE may
transmit Sync Frame toward a core network (CN) to support Time Synchronization.
When DS-TT1 or UE1 receives Sync Frame from TSN Node0 as an external TSN
node, DS-TT1 or UE1 records a reception time, based on the 5G GM. For convenience
of explanation, UE1 performance of the above recording operation will now be
described. However, DS-TT1 may perform the recording operation. When UE1
transmits Sync Frame to an UPF, UEI may also transmit a value recorded based on the
5G GM. For example, UEI may send reception time information by adding a special
Ingress Timestamp field to Sync Frame. In addition, UE1 may periodically measure
Link Delay1 as a delay time with respect to Link1 as a link with TSN Node0 as a
neighboring external TSN node, calculate an average time, based on the measured
delay times, and manage the calculated average time. When UE] transmits Sync Frame
to the UPF, UE1 may also transmit Link Delayl. For example, UE1 may add the value
of Link Delay1 to a Correction field of Sync Frame, and transmit a result of the
addition. When Link Delay1 is added to the Correction field, Link Dealy1 needs to be
converted based on the TSN GM, and thus rateRatiol may be applied. rateRatiol is a
value obtained by dividing "TSN GM Clock Frequency" by "Local Clock Frequency of
UEI", and may be a value obtainable by multiplying rateRatio0 included in a rateRatio
field delivered in Sync Frame by neighborRateRatio managed by UEL. rateRatioO is a
value obtained by dividing "TSN GM Clock Frequency" by "TSN Node0 Local Clock
Frequency", and neighborRateRatio managed by UEI is a value obtained by dividing
"TSN Node0 Local Clock Frequency" by "Local Clock Frequency of UE1". While
transmitting Sync Frame to the UPF, UEI also transmits rateRatiol. For example, UE1
updates the value of the rateRatio field of Sync Frame with rateRatiol and delivers a
result of the updating. UE1 may set a reception time of Sync Frame as "a Correction
field value including Link Delay 1 converted based on TSN GM + TSN GM", and thus
may synchronize with the TSN GM.

After a NW-TT or UPF receives Sync Frame from DS-TT1 or UE1, the NW-TT or
UPF calculates Residence Time as a residence time in the 5G network and thus updates
the Correction field, before transmitting the received Sync Frame to TSN Node4 as an
external TSN node. For convenience of explanation, UPF performance of the cal-
culation and update operation will now be described. However, the NW-TT may
perform the calculation and update operation. The UPF calculates Residence Time by
subtracting an Ingress Timestamp value received from UE1, from an egress time when

Sync Frame is transmitted to the outside. Before adding a Residence Time value to the
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Correction field, the UPF applies rateRatiol to the Residence Time value to convert a
basis from the 5SG GM to the TSN GM. The UPF removes the specially-added Ingress
Timestamp field before transmitting Sync Frame to the outside. The UPF may set a
time point to transmit Sync Frame as "TSN GM + Correction field value", and thus
may synchronize with the TSN GM.

At this time, Residence Time at a single TSN Node is unable to exceed 10ms, and
thus a QoS requirement that a sum of UE-DS-TT ResiTimel as UL UE-DS-TT
Residence Time for DS-TT1 or UEI and PDB1 as a UL PDB of PDU Sessionl is less
than 10ms needs to be applied.

FIG. 11 is a flowchart of a process of supporting inter-UE time synchronization,
according to an embodiment of the disclosure.

Referring to FIG. 11, when the TSN GM exists on the side of a UE as shown in FIG.
7, the UE may transmit Sync Frame to another UE, and thus Time Synchronization
may be supported. For convenience of explanation, UE1 or UE2 performance of the
above-described Time Synchronization support will now be described. However, DS-
TT1 of UEI or DS-TT2 of UE2 may each perform the above-described Time Synchro-
nization support. When UE]1 receives Sync Frame from TSN Node0 as an external
TSN node, UEI records a reception time, based on the 5G GM. When UEI transmits
Sync Frame to an UPF, UE1 also transmits a value recorded based on the 5G GM. For
example, UE] may send reception time information by adding a special Ingress
Timestamp field to Sync Frame. In addition, UEI may periodically measure Link
Delayl as a delay time with respect to Link]1 as a link with TSN NodeO as a
neighboring external TSN node, calculate an average time, based on the measured
delay times, and manage the calculated average time. When UE] transmits Sync Frame
to the UPF, UEI also transmits Link Delay1. For example, UE1 may add the value of
Link Delay1 to a Correction field of Sync Frame, and transmit a result of the addition.
When Link Delay1 is added to the Correction field, Link Dealyl needs to be converted
based on the TSN GM, and thus rateRatiol may be applied. rateRatiol is a value
obtained by dividing "5G Clock Frequency" by "Local Clock Frequency of UE1".
While transmitting Sync Frame to the UPF, UE1 also transmits rateRatiol. For
example, UEI updates the value of a rateRatio field of Sync Frame with rateRatiol and
delivers a result of the updating. UE1 may set a reception time of Sync Frame as "a
Correction field value including Link Delay 1 converted based on TSN GM + TSN
GM", and thus may synchronize with the TSN GM.

The UPF processes Sync Frame via UPF-inside Local Switching between PDU
Sessionl and PDU Session2 and transmits the processed Sync Frame to UE2. At this
time, there is no change in the contents of Sync Frame.

After UE2 receives Sync Frame from the UPF, UE2 calculates Residence Time as a



WO 2021/066531 PCT/KR2020/013358
15

residence time in the 5G network and thus updates the Correction field, before
transmitting the received Sync Frame to TSN Node3 that is an external TSN node.
UE2 calculates Residence Time by subtracting an Ingress Timestamp value received
from UE], from a time point when Sync Frame is transmitted to the outside. Before
adding the Residence Time value to the Correction field, UE2 applies rateRatiol to the
Residence Time value to convert a basis from the 5G GM to the TSN GM. UE2
removes the specially-added Ingress Timestamp field before transmitting Sync Frame
to the outside. UE2 may set a time point when Sync Frame is transmitted, as "TSN GM
+ Correction field value", and thus may synchronize with the TSN GM.

[92] At this time, Residence Time at a single TSN Node is unable to exceed 10ms, and
thus a QoS requirement that a sum of UE-DS-TT ResiTimel as UL UE-DS-TT
Residence Time and PDB1 as a UL PDB and a sum of UE-DS-TT ResiTime2 as DL
UE-DS-TT Residence Time and PDB2 as a DL PDB are all less than 10ms needs to be
applied. Because PDBI1 is actually applied to a QoS for PDU Sessionl and PDB?2 is
actually applied to a QoS for PDU Session2, a QoS that simultaneously takes into
account the two PDU sessions is applied to deliver Sync Frame between UEs. For
example, a QoS requirement that a sum of PDB1 as a UL PDB and PDB2 as a DL
PDB is less than 10ms may be converted into two QoS requirements that PDB1 needs
to be less than 5 ms and PDB2 needs to be less than 5 ms, and the two QoS re-
quirements may be applied to PDU Session] and PDU Session2, respectively.

[93] FIG. 12 is a flowchart of a process of supporting time synchronization by
transmitting Sync Frame in a multi-cast manner, according to an embodiment of the
disclosure.

[94] In detail, referring to FIG. 12, when the TSN GM exists on the side of a UE, the UE
may transmit Sync Frame to a CN or another UE in a multicast manner to thereby
support Time Synchronization. At this time, the procedures described above with
reference to FIGS. 10 and 11 may be applied simultaneously. For convenience of ex-
planation, UE1 or UE2 performance of the above-described Time Synchronization
support will now be described. However, DS-TT1 of UE1 or DS-TT2 of UE2 may
each perform the above-described Time Synchronization support.

[95] When UEI receives Sync Frame from TSN Node0 as an external TSN node, UE1
records a reception time, based on the 5G GM. When UEI transmits Sync Frame to an
UPF, UEI also transmits a value recorded based on the SG GM. For example, UE1
may send reception time information by adding a special Ingress Timestamp field to
Sync Frame. In addition, UE]1 may periodically measure Link Delay] as a delay time
with respect to Link]1 as a link with TSN NodeO as a neighboring external TSN node,
calculate an average time, based on the measured delay times, and manage the

calculated average time. When UE] transmits Sync Frame to the UPF, UE] may also
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transmit Link Delay1. For example, UE1 may add the value of Link Delay] to a
Correction field of Sync Frame, and transmit a result of the addition. When Link
Delay]1 is added to the Correction field, Link Dealy1 needs to be converted based on
the TSN GM, and thus rateRatiol may be applied. rateRatiol is a value obtained by
dividing "5G Clock Frequency" by "Local Clock Frequency of UE1". While
transmitting Sync Frame to the UPF, UEI may also transmit rateRatiol. For example,
UEI updates the value of a rateRatio field of Sync Frame with rateRatiol and delivers
a result of the updating. UE] may set a reception time of Sync Frame as "a Correction
field value including Link Delay 1 converted based on TSN GM + TSN GM", and thus
may synchronize with the TSN GM.

The UPF applies multicast so that a single Sync Frame passes through the UPF and
then a NW-TT and directly heads toward the external TSN node and another Sync
Frame heads toward DS-TT2 or UE2.

After the UPF receives Sync Frame heading to the external TSN node, the UPF
calculates Residence Time as a residence time in the 5G network and thus updates the
Correction field, before transmitting the received Sync Frame to TSN Node4 that is an
external TSN node. The UPF calculates Residence Time by subtracting an Ingress
Timestamp value received from UE], from a time point when Sync Frame is
transmitted to the outside. Before adding a Residence Time value to the Correction
field, the UPF applies rateRatiol to the Residence Time value to convert a basis from
the 5G GM to the TSN GM. The UPF may remove the specially-added Ingress
Timestamp field before transmitting Sync Frame to the outside. The UPF may set a
time point when Sync Frame is transmitted, as "TSN GM + Correction field value",
and thus may synchronize with the TSN GM.

At this time, Residence Time at a single TSN Node is unable to exceed 10 ms, and
thus a QoS requirement for Uplink Flow that a sum of UE-DS-TT ResiTimel as UL
UE-DS-TT Residence Time and PDB1 as a UL PDB is less than 10 ms may be
applied.

After UE2 receives another Sync Frame from the UPF, UE2 calculates Residence
Time as a residence time in the 5G network and thus updates the Correction field,
before transmitting the received Sync Frame to TSN Node3 that is an external TSN
node. UE2 calculates Residence Time by subtracting an Ingress Timestamp value
received from UEI, from a time point when Sync Frame is transmitted to the outside.
Before adding a Residence Time value to the Correction field, UE2 applies rateRatiol
to the Residence Time value to convert a basis from the 5G GM to the TSN GM. UE2
may remove the specially-added Ingress Timestamp field before transmitting Sync
Frame to the outside. UE2 may set a time point when Sync Frame has been

transmitted, as "TSN GM + Correction field value", and thus may synchronize with the
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TSN GM.

At this time, Residence Time at a single TSN Node is unable to exceed 10ms, and
thus a QoS requirement that a sum of UE-DS-TT ResiTimel as UL UE-DS-TT
Residence Time and PDB1 as a UL PDB and a sum of UE-DS-TT ResiTime2 as DL
UE-DS-TT Residence Time and PDB2 as a DL PDB are all less than 10ms may be
applied.

Because PDBI1 is actually applied to a QoS for PDU Sessionl and PDB2 is actually
applied to a QoS for PDU Session2, a QoS that simultaneously takes into account the
two PDU sessions is applied to deliver Sync Frame between UEs. For example, a QoS
requirement that a sum of PDB1 as a UL PDB and PDB2 as a DL PDB is less than 10
ms may be converted into two QoS requirements that PDB1 needs to be less than 5 ms
and PDB2 needs to be less than 5 ms, and the two QoS requirements may be applied to
PDU Sessionl and PDU Session2, respectively.

The newly calculated requirements are stricter than the previously calculated re-
quirement that the sum of PDB1 and PDB2 is less than 10 ms, and thus need to be
satisfied for simultaneous satisfaction.

FIG. 13 is a flowchart of a process in which, when a GM of TSN exists on the side of
a UE, an SMF performs a Best Master Clock Algorithm (BMCA) by managing in-
formation, according to an embodiment of the disclosure.

In detail, referring to FIG. 13, when the GM of TSN exists on the side of the UE, the
SMF may comprehensively manage information and thus the BMCA may be
performed. As described above with reference to FIG. 9, interoperation between a 5G
network and TSN Management may be achieved via a TSN AF by considering the 5G
network as a single TSN Bridge. In the 5G network, information about PDU Sessionl
related with UE1 and information about PDU Session2 related with UE2 may be
separately managed. For example, to form a Tree via which Sync Frame is delivered,
when a BMCA is performed for each TSN Clock Domain, a process of synthesizing
information of PDU Sessionl and information of PDU Session2 may be needed. The
BMCA is an algorithm for determining what TSN Node is determined as a Grand
Master, and a Port having received an Announcement Message from a node close to
the Grand Master expresses its own state as a Slave (S) state. Because it is possible for
only one Port to have an S state within one bridge, when several Ports are candidates
for an S state, information within the bridge is synthesized, and thus only one Port
from among the candidates is determined to have an S state. A 5G Logical Bridge also
participates in the BMCA by serving as one bridge, and a UE or DS-TT and a UPF or
NW-TT participate in the BMCA by serving as a single Port of the 5G Logical Bridge.
A TSN GM may be set for each Work Clock Domain. When TSN is in an S state, this
may mean that TSN has a lower priority to be designated as the Grand Master, than
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when TSN is in a Master (M) state. For convenience of explanation, DS-TT1 or UEI1,
DS-TT2 or UE2, and an NW-TT or UPF corresponding to DS-TT1/UEI1, DS-
TT2/UE2, and NW-TT/UPF, respectively, will now be described.

When TSN Node0 as an external TSN node receives Announcement Frame, DS-
TT1/UELI sets its own Port as a provisional S state and transmits Announcement Frame
to the UPF. The UPF broadcasts Announcement Frame to other ports within a Logical
TSN Bridge of the 5G network. In other words, one Announcement Frame may pass
through the NW-TT and head toward an external TSN node, and the UPF may make
another Announcement Frame undergo Local Switching within the UPF and head
toward DS-TT2/UE2.

In response to the Announcement Frame, the NW-TT sets its own Port in an M state,
and transmits the Announcement Frame to TSN Node4 as an external TSN node.
Likewise, in response to the Announcement Frame received from DS-TT1/UEI via the
UPF, DS-TT2/UE2 provisionally sets its own Port in an M state, and transmits the An-
nouncement Frame to TSN Node3 as an external TSN node.

After passing through a process of delivering these Announcement Frames, DS-
TTI/UEIL, DS-TT2/UE2, and the NW-TT/UPF updates the SMF with information of
the Ports via a PDU Session Modification procedure. A UE enabling Data commu-
nication by passing through a UPF is referred to as a PDU Session, and a process of
changing information of the PDU Session is a PDU Session Modification procedure. In
PDU Session Modification, the DS-TT1/UE1 and the NW-TT/UPF delivers in-
formation about PDU Sessionl and the DS-TT2/UE2 or the NW-TT/UPF delivers in-
formation about PDU Session2, but the SMF may manage the information about PDU
Sessionl and the information about PDU Session2 by knowing that PDU Sessionl and
PDU Session2 belong to the same TSN Management. The SMF may classify in-
formation to be comprehensively managed, by utilizing the fact that PDU Sessionl and
PDU Session2 having the same TSN Logical Bridge ID and the same TSN Working
Clock Domain ID. After the SMF determines final Port Configuration information that
is to be actually reflected, based on synthesized Port information, the SMF transmits
the final Port Configuration information to DS-TT1/UE1, DS-TT2/UE2, and NW-
TT/UPF by using a PDU Session Modification procedure and an N4 Update procedure
with respect to PDU Sessionl and PDU Session2. The determined final Port Con-
figuration information is also reflected in a Policy Control Function (PCF) and a TSN
AF via a Notification procedure.

FIG. 14 is a flowchart of a process in which, when a GM of TSN exists on the side of
a UE, a UPF performs a BMCA by managing information, according to an em-
bodiment of the disclosure.

In detail, referring to FIG. 14, as described above with reference to FIG. 9, inter-
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operation between a 5G network and TSN Management may be achieved via an TSN
AF by considering the 5G network as a single TSN Bridge. In the 5G network, in-
formation about PDU Session] related with UE1 and information about PDU Session2
related with UE2 may be separately managed. For example, to form a Tree via which
Sync Frame is delivered, when a BMCA is performed for each TSN Clock Domain, a
process of synthesizing information of PDU Sessionl and information of PDU
Session2 may be needed. When TSN NodeO as an external TSN node receives An-
nouncement Frame, DS-TT1/UEI sets its own Port as a provisional S state and
transmits Announcement Frame to the UPF. The UPF may broadcast Announcement
Frame to other ports within a Logical TSN Bridge of the 5G network. In this example,
one Announcement Frame may pass through a NW-TT and head toward an external
TSN node, and the UPF may make another Announcement Frame undergo Local
Switching within the UPF and head toward DS-TT2/UE2.

In response to the Announcement Frame, the NW-TT provisionally sets its own Port
in an M state, and transmits the Announcement Frame to TSN Node4 as an external
TSN node. Likewise, in response to the Announcement Frame received from DS-
TT1/UEI via the UPF, DS-TT2/UE2 provisionally sets its own Port in an M state, and
transmits the Announcement Frame to TSN Node3 as an external TSN node.

After passing through such a process of delivering the Announcement Frames, DS-
TT1/UEI and DS-TT2/UE2 may update an SMF with information of the Ports via a
PDU Session Modification procedure, and the SMF delivers the information to the
UPF via an N4 update procedure. In PDU Session Modification, the DS-TT1/UE1 and
the NW-TT/UPF delivers information about PDU Sessionl and the DS-TT2/UE2 or
the NW-TT/UPF delivers information about PDU Session2, but the UPF may manage
the information about PDU Sessionl and the information about PDU Session2 by
knowing that PDU Sessionl and PDU Session2 belong to the same TSN Management.
The UPF may classify information to be comprehensively managed, by utilizing the
fact that PDU Sessionl and PDU Session2 having the same TSN Logical Bridge ID
and the same TSN Working Clock Domain ID. After the UPF determines final Port
Configuration information that is to be actually reflected, based on synthesized Port in-
formation, the UPF transmits the final Port Configuration information to DS-TT1/UE1
and DS-TT2/UE2 by using an N4 Update procedure and a PDU Session Modification
procedure with respect to PDU Sessionl and PDU Session2. In addition, the UPF may
update a configuration of the NW-TT or UPF according to the final Port Configuration
information. The determined final Port Configuration information is also reflected in a
PCF and a TSN AF via a Notification procedure.

FIG. 15 is a flowchart of a process in which, when a GM of TSN exists on the side of
a UE, a TSN AF performs a BMCA by managing information, according to an em-
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bodiment of the disclosure.

As described above with reference to FIG. 9, interoperation between a 5G network
and TSN Management may be achieved via the TSN AF by considering the 5G
network as a single TSN Bridge. In the 5G network, information about PDU Sessionl
related with UE1 and information about PDU Session2 related with UE2 may be
separately managed. For example, to form a Tree via which Sync Frame is delivered,
when a BMCA is performed for each TSN Clock Domain, a process of synthesizing
information of PDU Sessionl and information of PDU Session2 may be needed. When
TSN NodeO as an external TSN node receives Announcement Frame, DS-TT1/UE1
sets its own Port as a provisional S state and transmits Announcement Frame to a UPF.
The UPF broadcasts Announcement Frame to other ports within a Logical TSN Bridge
of the 5G network. In other words, one Announcement Frame may pass through an
NW-TT and head toward an external TSN node, and the UPF may make another An-
nouncement Frame undergo Local Switching within the UPF and head toward DS-
TT2/UE2.

In response to the Announcement Frame, the NW-TT provisionally sets its own Port
in an M state, and transmits the Announcement Frame to TSN Node4 as an external
TSN node. Likewise, in response to the Announcement Frame received from DS-
TT1/UEI via the UPF, DS-TT2/UE2 provisionally sets its own Port in an M state, and
transmits the Announcement Frame to TSN Node3 as an external TSN node.

After passing through a process of delivering these Announcement Frames, DS-
TTI/UEIL, DS-TT2/UE2, and the NW-TT/UPF updates the TSN AF with information
of the Ports via a PDU Session Modification procedure. In PDU Session Modification,
the DS-TT1/UE1 and the NW-TT/UPF delivers information about PDU Sessionl and
the DS-TT2/UE2 or the NW-TT/UPF delivers information about PDU Session2, but
the TSN AF may manage the information about PDU Sessionl and the information
about PDU Session2 by knowing that PDU Sessionl and PDU Session2 belong to the
same TSN Management. The TSN AF may classify information to be comprehensively
managed, by utilizing the fact that PDU Sessionl and PDU Session2 having the same
TSN Logical Bridge ID and the same TSN Working Clock Domain ID. After the TSN
AF determines final Port Configuration information that is to be actually reflected,
based on synthesized Port information, the TSN AF transmits the final Port Con-
figuration information to DS-TT1/UEIL, DS-TT2/UE2, and NW-TT/UPF by using a
PDU Session Modification procedure and an N4 Update procedure with respect to
PDU Sessionl and PDU Session2. The determined final Port Configuration in-
formation is also reflected in a PCF via a Notification procedure.

FIG. 16 is a flowchart of a process in which, when a GM of TSN exists on the side of

a UE, a PCF performs a BMCA by managing information, according to an em-
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bodiment of the disclosure.

In detail, referring to FIG. 16, as described above with reference to FIG. 9, inter-
operation between a 5G network and TSN Management may be achieved via a TSN
AF by considering the 5G network as a single TSN Bridge. In the 5G network, in-
formation about PDU Session] related with UE1 and information about PDU Session2
related with UE2 may be separately managed. For example, to form a Tree via which
Sync Frame is delivered, when a BMCA is performed for each TSN Clock Domain, a
process of synthesizing information of PDU Sessionl and information of PDU
Session2 may be needed. When TSN NodeO as an external TSN node receives An-
nouncement Frame, DS-TT1/UEI sets its own Port as a provisional S state and
transmits Announcement Frame to a UPF. The UPF broadcasts Announcement Frame
to other ports within a Logical TSN Bridge of the 5G network. In this example, one
Announcement Frame may pass through an NW-TT and head toward an external TSN
node, and the UPF may make another Announcement Frame undergo Local Switching
within the UPF and head toward DS-TT2/UE2.

In response to the Announcement Frame, the NW-TT provisionally sets its own Port
in an M state, and transmits the Announcement Frame to TSN Node4 as an external
TSN node. Likewise, in response to the Announcement Frame received from DS-
TT1/UEI via the UPF, DS-TT2/UE2 provisionally sets its own Port in an M state, and
transmits the Announcement Frame to TSN Node3 as an external TSN node.

After passing through a process of delivering these Announcement Frames, DS-
TTI1/UEIL, DS-TT2/UE2, and the NW-TT/UPF updates the PCF with information of
the Ports via a PDU Session Modification procedure. In PDU Session Modification,
the DS-TT1/UE1 and the NW-TT/UPF delivers information about PDU Sessionl and
the DS-TT2/UE2 or the NW-TT/UPF delivers information about PDU Session2, but
the PCF may manage the information about PDU Sessionl and the information about
PDU Session2 by knowing that PDU Sessionl and PDU Session2 belong to the same
TSN Management. The PCF classifies information to be comprehensively managed, by
utilizing the fact that PDU Sessionl and PDU Session2 having the same TSN Logical
Bridge ID and the same TSN Working Clock Domain ID. After the PCF determines
final Port Configuration information that is to be actually reflected, based on syn-
thesized Port information, the PCF transmits the final Port Configuration information
to DS-TT1/UE1, DS-TT2/UE2, and NW-TT/UPF by using a PDU Session Modi-
fication procedure and an N4 Update procedure with respect to PDU Sessionl and
PDU Session2. The determined final Port Configuration information is also reflected in
a TSN AF via a Notification procedure.

FIG. 17 is a flowchart of a process in which an SMF applies TSCAI to a 3GPP

network by managing information in order to support TSC from a UE to another UE,
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according to an embodiment of the disclosure.

A CNC server may obtain Configuration information for each Port of a 5G network
via a TSN AF. Because the Configuration information for each Port includes in-
formation of neighboring ports for each port, the CNC server may ascertain a Port
through which Stream is to pass, between a Talker and a Listener as End-Stations.
Because the Configuration information for each Port includes a Scheduling capability
of each TSN node or TSN Bridge, the CNC server may determine Schedule in-
formation of Stream for each Port between Talker and Listener, and inform the de-
termined Schedule information. The CNC server delivers the Schedule information of
Stream for each Port to the 5G network via the TSN AF. The Stream Schedule in-
formation is delivered from the TSN AF to the SMF via a PCF. When the Stream
Schedule information is delivered from the TSN AF via the PCF, the Stream Schedule
information is delivered to a thing related with a PDU Session for one of DS-TT1/UE1
and DS-TT2/UE2. For example, the Stream Schedule information may be delivered to
a PCF and an SMF that correspond to selected PDU Session] corresponding to DS-
TT1/UEI.

The SMF converts Burst Arrival Timel (BAT1) of TSCAI corresponding to DS-
TT1/UE1 into 5G GM reference information, based on the TSN GM, and delivers the
5G GM reference information to a gNB via a PDU Session Modification procedure. Si-
multaneously, the SMF calculates BAT2 of TSCAI corresponding to DS-TT2/UE2.
BAT? is calculated by adding Uplink PDB of PDU Sessionl, Local Switching Delay
in a UPF, and Downlink CN-PDB of PDU Session2 to BAT1. The SMF delivers
BAT?2 to the gNB via a process of updating only a RAN Parameter during a PDU
Session Modification procedure with respect to PDU Session2. In addition, the SMF
may inform the PCF and the TSN AF that the corresponding Scheduling Information
has been delivered to the gNB, through Notification for PDU Session2.

FIG. 18 is a flowchart of a process in which a UPF applies TSCAI to a 3GPP
network by managing information in order to support TSC from a UE to another UE,
according to an embodiment of the disclosure.

A CNC server ascertains Configuration information for each Port of a 5G network
via a TSN AF. Because the Configuration information for each Port includes in-
formation of neighboring ports for each port, the CNC server may ascertain a Port
through which Stream is to pass, between a Talker and a Listener. Because the Con-
figuration information for each Port includes a Scheduling capability of each TSN
node or TSN Bridge, the CNC server may determine Schedule information of Stream
for each Port between Talker and Listener, and inform the determined Schedule in-
formation. The CNC server delivers the Stream Schedule information to the 5G
network via the TSN AF. The Stream Schedule information is delivered from the TSN
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AF to an SMF via a PCF.

When the Stream Schedule information is delivered from the TSN AF via the PCF,
the Stream Schedule information is delivered to a thing related with a PDU Session for
one of DS-TT1/UEI and DS-TT2/UE2. For example, a PDU Session corresponding to
DS-TT1/UEI may be selected, and the Stream Schedule information may be delivered
to a PCF and an SMF that correspond to the selected PDU Session. The SMF again
updates the UPF with the Stream Schedule information via N4. The UPF maps DS-
TT1/UEI and DS-TT2/UE2 in Port-in information and Port-out information and
delivers information of the mapping to the SMF via N4 Report. At this time, the UPF
may individually deliver N4 Report corresponding to DS-TT1/UEI and N4 Report cor-
responding to DS-TT2/UE2 to the SMF.

The SMF converts BAT1 of TSCAI corresponding to DS-TT1/UE1 into 5G GM
reference information, based on the TSN GM, and delivers the 5G GM reference in-
formation to a gNB via a PDU Session Modification procedure. Simultaneously, the
SMEF calculates BAT2 of TSCAI corresponding to DS-TT2/UE2. BAT2 is calculated
by adding Uplink PDB of PDU Sessionl, Local Switching Delay in a UPF, and
Downlink CN-PDB of PDU Session2 to BAT1. The SMF delivers BAT2 to the gNB
via a process of updating only a RAN Parameter during a PDU Session Modification
procedure with respect to PDU Session2. In addition, the SMF may inform the PCF
and the TSN AF that the corresponding Scheduling Information has been delivered to
the gNB, through Notification for PDU Session2.

FIG. 19A is a flowchart of a process in which a TSN AF applies TSCAI to a 3GPP
network by managing information in order to support TSC from a UE to another UE,
according to an embodiment of the disclosure.

A CNC server ascertains Configuration information for each Port of a 5G network
via the TSN AF. Because the Configuration information for each Port includes in-
formation of neighboring ports for each port, the CNC server may ascertain a Port
through which Stream is to pass, between a Talker and a Listener. Because the Con-
figuration information for each Port includes a Scheduling capability of each TSN
node or TSN Bridge, the CNC server may determine Schedule information of Stream
for each Port between Talker and Listener, and inform the determined Schedule in-
formation. The CNC server delivers the Stream Schedule information to the 5G
network via the TSN AF. The Stream Schedule information is delivered from the TSN
AF to an SMF via a PCF. The TSN AF finds DS-TT1/UE1 and DS-TT2/UE2 corre-
sponding to Port-in and Port-out, and delivers the Stream Schedule information to a
PCF and an SMF that correspond to each of PDU Sessionl and PDU Session2 re-
spectively corresponding to DS-TT1/UEI and DS-TT2/UE2. The PCF may be

different or the same for each PDU session. The SMF may be different or the same for
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each PDU session.

In response to information for PDU Sesionl, the SMF converts BAT1 of TSCAI cor-
responding to DS-TT1/UEI into 5G GM reference information, based on the TSN GM,
and delivers the 5G GM reference information to a gNB via a PDU Session Modi-
fication procedure. In response to information for PDU Sesion2, the SMF calculates
BAT?2 of TSCAI corresponding to DS-TT2/UE2. BAT2 is calculated by adding Uplink
PDB of PDU Sessionl, Local Switching Delay in a UPF, and Downlink CN-PDB of
PDU Session2 to BAT1. The SMF delivers BAT2 to the gNB via a process of updating
only a RAN Parameter during a PDU Session Modification procedure corresponding to
PDU Session2.

FIG. 19B is a flowchart of a process in which a TSN AF manages schedule in-
formation for a new PCF session, according to an embodiment of the disclosure.

Referring to FIG.19B, the TSN AF may generate Schedule information for PDU
Session2 by adding DS-TT-UE Residence Time and an UL PDB to Schedule in-
formation for PDU Sessionl, and may deliver the generated Schedule information to
an SMF. The Schedule information may further include UPF switching delay.

The SMF may change the received Schedule information, based on a SGS Clock, and
may add a CN PDB to a result of the changing. Referring to FIG. 19B,
translate(schedule2) has been represented. At this time, the TSN AF may change DS-
TT-UE Residence Time and a UL PDB based on a 5GS GM Clock to those based on a
TSN GM Clock.

FIG. 20A is a flowchart of a process in which a PCF applies TSCAI to a 3GPP
network by managing information in order to support TSC from a UE to another UE,
according to an embodiment of the disclosure.

A CNC server ascertains Configuration information for each Port of a 5G network
via a TSN AF. Because the Configuration information for each Port includes in-
formation of neighboring ports for each port, the CNC server may ascertain a Port
through which Stream is to pass, between a Talker and a Listener. Because the Con-
figuration information for each Port includes a Scheduling capability of each TSN
node or TSN Bridge, the CNC server may determine Schedule information of Stream
for each Port between Talker and Listener, and inform the determined Schedule in-
formation. The CNC server delivers the Stream Schedule information to the 5G
network via the TSN AF. The Stream Schedule information is delivered from the TSN
AF to an SMF via the PCF. When the Stream Schedule information is delivered from
the TSN AF via the PCF, the Stream Schedule information is delivered to a thing
related with a PDU Session of one of DS-TT1/UEI and DS-TT2/UE2. For example,
when a PDU Session corresponding to DS-TT1/UE] is determined, the Stream

Schedule information is delivered to a PCF corresponding to the determined PDU
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Session. The PCF finds DS-TT1/UEI and DS-TT2/UE2 corresponding to Port-in and
Port-out, and delivers the Stream Schedule information to an SMF that corresponds to
each of PDU Sessionl and PDU Session2 respectively corresponding to DS-TT1/UE1
and DS-TT2/UE2. At this time, when the PCF is unable to directly give information to
the SMF corresponding to PDU Session2, namely, when an SMF for PDU Session1
and an SMF for PDU Session?2 are different and PCFs respectively connected to the
SMFs are different, a PCF bound with an SMF is searched for and information is
delivered by a found PCF to the SMF.

In response to information for PDU Sesionl, the SMF converts BAT1 of TSCAI cor-
responding to DS-TT1/UEI into 5G GM reference information, based on the TSN GM,
and delivers the 5G GM reference information to a gNB via a PDU Session Modi-
fication procedure. In response to information for PDU Sesion2, the SMF calculates
BAT?2 of TSCAI corresponding to DS-TT2/UE2. BAT2 is calculated by adding Uplink
PDB of PDU Sessionl, Local Switching Delay in a UPF, and Downlink CN-PDB of
PDU Session2 to BAT1. The SMF delivers BAT2 to the gNB via a process of updating
only a RAN Parameter during a PDU Session Modification procedure with respect to
PDU Session2.

FIG. 20B is a flowchart of a process in which a PCF manages schedule information
for a new PCF session, according to an embodiment of the disclosure.

Referring to FIG. 20B, the PCF may generate Schedule information for PDU
Session2 by adding DS-TT-UE Residence Time and an UL PDB to Schedule in-
formation for PDU Sessionl, and may deliver the generated Schedule information to
an SMF.

The SMF may change the received Schedule information, based on a SGS Clock, and
may add a CN PDB to a result of the changing. Referring to FIG. 20B,
translate(schedule2) has been represented. At this time, the PCF may change DS-
TT-UE Residence Time and a UL PDB based on a 5GS GM Clock to those based on a
TSN GM Clock.

The above-described processes of FIGS. 10 through 20B are also applicable to a case
where, when a TSN GM is located on the side of a UE, Time Synchronization is
achieved from a UE to a plurality of UEs. For example, to perform time synchro-
nization with respect to a plurality of UEs, the above-described processes of FIGS. 10
through 20B may be applied by increasing the number of PDU Sessions by the number
of UEs.

FIGS. 17 through 20B are also applicable to a case where the TSN GM is not located
on the side of a UE but on the side of a UPF. Regardless of whether a GM is located on
the side of a UE or a UPF, inter-UE information delivery based on Stream information

is necessary for TSC communication. In other words, a process of delivering TSCAI
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between UEI corresponding to Port-in and UE2 corresponding to Port-out is
necessary.

In FIGS. 17 through 20B, UPF Local Switching delay may be calculated as O in
some cases. BAT1 of TSCAI is calculated by adding UE-DS-TT Residence of
UE1/DS-TTI to a result of changing schedule information based on translate(Arrival
Time at UE1) = translate(schedule) = TSN GM Clock to schedule information based
on the 5GS GM Clock.

Referring to FIGS. 17 through 20B, Residence Time within the UPF may be
separately considered and calculated. In other words, a value obtained by excluding
UL UPF Residence Time from a UL PDB for PDU Session 1 is used as a UL PDB, a
value obtained by excluding DL UPF Residence Time from a DL CN-PDB for PDU
Session 2 is used as a DL CN-PDB, and UE-to-UE UPF Residence Time is used
instead of UPF Local Switching delay, and thus these values may be calculated using
the same manner as described above. At this time, when the SMF does not know UPF
Residence Time in FIGS. 19B and 20B, the TSN AF previously and additionally sub-
tracting DL. UPF Residence Time for PDU Session 2 from Schedule2 when calculating
Schedule2, and the SMF calculates BAT2 of TSCAI by using an existing DL. CN-PDB
from which DL UPF Residence Time has not been subtracted. UPF Residence Time
refers to a time period from a time point when Packet enters the UPF to a time point
when Packet exits from the UPF.

The processes of FIGS. 9 through 20B utilize a PDU Session Modification
procedure, information of the UPF is delivered to the TSN AF along a path of UPF-
SME-PCF-TSN AF, and information of the TSN AF is delivered to the UPF along a
path of TSN AF-PCF-SMF-UPF. However, when the UPF is connected directly to a
Network Function (NF) and a Control Plane, the UPF and the TSN AF may directly
communicate with each other, and thus the processes of FIGS. 9 through 20B may be
applied.

FIG. 21 is a block diagram of a UE according to an embodiment of the disclosure.

Referring to FIG. 11, the UE may include a transceiver 2110, a memory 2120, and a
processor 2130. The processor 2130, the transceiver 2110, and the memory 2120 of the
UE may operate according to the above-described communication method of the UE.
However, components of the UE are not limited thereto. For example, the UE may
include more or fewer components than those shown in FIG. 21. Furthermore, the
processor 2130, the transceiver 2110, and the memory 2120 may be implemented as a
single chip.

The transceiver 2110, which collectively refers to a receiver of the UE and a
transmitter of the UE, may transmit or receive signals with a base station or network

entities. The signal transmitted or received to or from the base station may include
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control information and data. To this end, the transceiver 2110 may include a radio
frequency (RF) transmitter that up-converts and amplifies the frequency of a signal to
be transmitted, and an RF receiver that low-noise-amplifies a received signal and
down-converts the frequency of the received signal. However, this is only an em-
bodiment of the transceiver 2110, and the components of the transceiver 2110 are not
limited thereto.

The transceiver 2110 may receive a signal and output the signal to the processor
2130 through a wireless channel, and may transmit the signal output by the processor
2130 through a wireless channel.

The memory 2120 may store data and programs necessary for operations of the UE.
Furthermore, the memory 2120 may store control information or data included in a
signal obtained by the UE. The memory 2120 may include storage media, such as read-
only memory (ROM), random access memory (RAM), a hard disk, compact disc
(CD)-ROM, and a digital versatile disc (DVD), or a combination thereof.

The processor 2130 may control a series of processes so that the UE may operate
according to the embodiments of the disclosure. The processor 2130 may include one
or more processors. For example, the processor 2130 may include a communication
processor (CP) performing control for communication, and an application processor
(AP) controlling an upper layer, such as an application program.

FIG. 22 is a block diagram of a network entity according to an embodiment of the
disclosure; and

Referring to FIG. 22, the network entity may include a transceiver 2210, a memory
2220, and a processor 2230. The processor 2230, the transceiver 2210, and the memory
2220 of the network entity may operate according to the above-described commu-
nication method of the network entity. However, components of the network entity are
not limited thereto. For example, the network entity may include more or fewer
components than those shown in FIG. 22. Furthermore, the processor 2230, the
transceiver 2210, and the memory 2220 may be implemented as a single chip. The
network entity may include NFs such as an Access and Mobility management Function
(AMF), a Session Management Function (SMF), a Policy and Charging Function
(PCF), a Network Exposure Function (NEF), a Unified Data Management (UDM), a
User Plane Function (UPF) described above. Also, the network entity may include a
base station.

The transceiver 2210, which collectively refers to a receiver of the network entity
and a transmitter of the network entity, may transmit or receive signals with the UE or
other network entities. The transmitted or received signals may include control in-
formation and data. To this end, the transceiver 2210 may include an RF transmitter

that up-converts and amplifies the frequency of a signal to be transmitted, and an RF
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receiver that low-noise-amplifies a received signal and down-converts the frequency of
the received signal. However, this is only an embodiment of the transceiver 2210, and
the components of the transceiver 2210 are not limited thereto. The transceiver 2210
may include a wired/wireless transceiver, and may include various components for
transmitting and receiving signals.

The transceiver 2210 may receive a signal and output the signal to the processor
2230 through a communication channel (e.g., a wireless channel), and may transmit the
signal output by the processor 2230 through a communication channel.

The memory 2220 may store data and programs necessary for operations of the
network entity. Furthermore, the memory 2220 may store control information or data
included in a signal obtained by the network entity. The memory 2220 may include
storage media, such as read-only memory (ROM), random access memory (RAM), a
hard disk, compact disc (CD)-ROM, and a digital versatile disc (DVD), or a com-
bination thereof.

The processor 2230 may control a series of processes so that the network entity may
operate according to the embodiments of the disclosure. The processor 2230 may
include one or more processors. The methods according to embodiments of the
disclosure as described in the specification or in the following claims may be im-
plemented as hardware, software, or a combination of hardware and software.

When implemented as software, a computer-readable storage medium storing one or
more programs (e.g., software modules) may be provided. The one or more programs
stored in the computer-readable storage medium are configured for execution by one or
more processors in an electronic device. The one or more programs include in-
structions directing the electronic device to execute the methods according to em-
bodiments of the disclosure as described the specification or in the following claims.

The programs (e.g., software modules or software) may be stored in non-volatile
memory (including RAM or flash memory), ROM, electrically erasable programmable
read only memory (EEPROM), a magnetic disc storage device, a CD-ROM, DVDs,
another optical storage device, or a magnetic cassette. Alternatively, the programs may
be stored in memory including a combination of some or all of the above-mentioned
storage media. A plurality of such memories may be included.

In addition, the programs may be stored in an attachable storage device accessible
through any or a combination of communication networks such as Internet, Intranet, a
local area network (LAN), a wide LAN (WLAN), and a storage area network (SAN).
Such a storage device may access the electronic device performing the embodiments of
the disclosure via an external port. Furthermore, a separate storage device on the com-
munication network may access the electronic device performing the embodiments of

the disclosure.
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[159] In the above-described embodiments of the disclosure, the elements included in the
disclosure are expressed in a singular or plural form according to the proposed specific
embodiment of the disclosure. However, the singular or plural expression is appro-
priately selected for ease of description according to the presented situation, and the
disclosure is not limited to a single element or plural elements. Those elements
described in a plural form may be configured as a single element, and those elements
described in a singular form may be configured as plural elements.

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

within the scope of the appended claims.
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Claims

A method, performed by a network entity, of performing time sensitive
communication (TSC), the method comprising:

establishing a first protocol data unit (PDU) session with a first user
equipment (UE) and a second PDU session for a second UE;
receiving, from the first UE, an announce message obtained from a first
time sensitive network (TSN) node;

configuring, based on the announce message, a port state of the
network entity; and

transmitting, to the second UE or a second TSN node, the announce
message.

The method of claim 1, wherein the port state of the network entity is
determined by a user plane function (UPF) or a time sensitive network
application function (TSN AF).

The method of claim 1, wherein a port state of the first UE is a slave
state, and the port state of the network entity and a port state of the
second UE are each a master state.

The method of claim 1, further comprising:

receiving, from the first UE, a sync frame by using the first PDU
session;

performing local switching on the sync frame; and

transmitting, to the second UE, the sync frame by using the second
PDU session,

wherein a sum of an uplink (UL) UE device-side TSN translator
(UE-DS-TT) residence time, a first packet delay budget (PDB) of the
first PDU session and a downlink (DL) UE-DS-TT residence time, and
a second PDB of the second PDU session is less than 10 ms.

The method of claim 1, wherein TSC assistance information (TSCAI)
is determined, by a session management function (SMF), based on a
first burst arrival time (BAT) for the first PDU session and a second
BAT of the second PDU session.

The method of claim 1, wherein a port of the first UE and a port of the
second UE are determined by a TSN application function (TSN AF).
The method of claim 4, wherein second schedule information for the
second PDU session corresponds to a result of (first schedule in-
formation for the first PDU session) + (device-side TSN translator
(DS-TT) residence time for uplink (UL)) + (UL PDB) + (UE-to-UE
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user plane function (UPF) Residence Time) - (downlink (DL) residence
time).

A network entity for performing time sensitive communication (TSC),
the network entity comprising:

a network-side time sensitive network translator (NW-TT); and

at least one processor connected with the NW-TT and configured to:
establish a first protocol data unit (PDU) session with a first user
equipment (UE) and a second PDU session for a second UE;

receive, from the first UE, an announce message obtained from a first
time sensitive network (TSN) node;

configure, based on the announce message, a port state of the network
entity; and

transmit, to the second UE or a second TSN node, the announce
message.

The network entity of claim 8, wherein the port state of the network
entity is determined by a user plane function (UPF) or a time sensitive
network application function (TSN AF).

The network entity of claim 8, wherein a port state of the first UE is a
slave state, and the port state of the network entity and a port state of
the second UE are each a master state.

The network entity of claim 8, wherein the at least one processor is
further configured to:

receive, from the first UE, a sync frame by using the first PDU session;
perform local switching on the sync frame; and

transmit, to the second UE, the sync frame by using the second PDU
session,

wherein a sum of a uplink (UL) UE device-side TSN translator
(UE-DS-TT) residence time, a first packet delay budget (PDB) of the
first PDU session and a downlink (DL) UE-DS-TT residence time, and
a second PDB of the second PDU session is less than 10 ms.

The network entity of claim 8, wherein TSC assistance information
(TSCALI) is determined, by a session management function (SMF),
based on a first burst arrival time (BAT) for the first PDU session and a
second BAT of the second PDU session.

The network entity of claim 11, wherein second schedule information
for the second PDU session corresponds to a result of (first schedule in-
formation for the first PDU session) + (device-side TSN translator
(DS-TT) residence time for uplink (UL)) + (UL PDB) + (UE-to-UE
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user plane function (UPF) Residence Time) - (downlink (DL) residence
time).

A method, performed by a first user equipment (UE), of performing
time sensitive communication (TSC), the method comprising:
establishing a first protocol data unit (PDU) session with a network
entity;

receiving, from the network entity, an announce message obtained from
a second UE; and

configuring, based on the announce message, a port state of the first
UE,

wherein the network entity establishes a second PDU session with the
second UE, and

wherein the second UE obtains the announce message from a first time
sensitive network (TSN) node.

A first user equipment (UE) for performing time sensitive commu-
nication (TSC), the first UE comprising:

a device-side time sensitive translator (DS-TT); and

at least one processor connected with the DS-TT and configured to:
establish a first protocol data unit (PDU) session with a network entity;
receive, from the network entity, an announce message obtained from a
second UE; and

configure, based on the announce message, a port state of the first UE,
wherein the network entity establishes a second PDU session with the
second UE, and

wherein the second UE obtains the announce message from a first time

sensitive network (TSN) node.
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[Fig. 3]
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[Fig. 4]
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[Fig. 5]

— VP - e ON] ] "
Id-N LN 4dNn EN—{NV(d) \ mw\. 11-sd
| /I :
¥N 2 7
|| S
: \
AI ......................... I_ .\..
FYNSL  [-GN-| 40d IN-{dNSHHINT JNY |
Al ....................... —_—ee—.. "
uoljew.iojul
~N /7
juswobeuew
o_z/\wz yod
EEN—— 43N Wan
abpug Jo
apIs 921n8Q

o0bplg (NSL) 1801607

Wa1SAg
NSL



PCT/KR2020/013358

WO 2021/066531

5/22

[Fig. 6]
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[Fig. 7]
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[Fig. 9]
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[Fig. 10]
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[Fig. 11]
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[Fig. 12]
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[Fig. 13]
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[Fig. 14]
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[Fig. 15]
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[Fig. 16]
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[Fig. 17]
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[Fig. 18]
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