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A Method, System and Apparatus of Time Synchronization Switching

This document is directed generally to wireless commaunications, and in particular to 5G
cotmuucations.

Existing 3G systems (3GS) support time synchronization service to user equipment (UE). For example,
an NG-RAN {(next gencration radio access network) can provide precise time mformation to the UE via a 5G AS
{access stratum) signaling, which is called 3G access stratum time distribution. The 5G5S (5G system) also supports a
(e)PTP {(general) Precision Tune Protocol) based time synchronization service, which depends on the 5G access
stratur time distribution capability. To support the ()PTP time synchronization service, the NG-RAN and a
UPF/ANW-TT (user plane funclion/network side Time Sensitive Network (TSN translator) shall be time synchronized
with a 3G mternal GM (Grand master) clock.

Inn order to support a Disaster Tolerance, the 5GS needs to support a Timing Resihiency. That is, when a
time source (1.e. 3G GM) fails or degrades, the tirae scurce can be switched to another 3G GM. Because the switching
related {0 5G GMs 1n the NG-RAN and the UPF/NW-TT are independent/asynchronous, the switching may cause the
times of the NG-RAN and the UPF to be asvnchronous in certam period. The (g)PTP base time synchromzation may
fail because of the time asynclwonization.

This document relates to methods, svstoms, and dovices for time synchromuzation switching, and in
particular to methods, systems, and devices for time synchronmzation switching for 8 3GS.

The present disclosure relates to a wireless communication method for use 1 a fust wireless network
node. The method comprises:

receiving, from at least one second wireless network node, time synchronization status mmformation
asscociated with a switching of a grandmaster clock.

Various embodiments may preferably implement the following features.

Preferably, the me synchronization status information comprises at least one of:

mformation on at least one grandmaster clock candidate to which the grandmaster clock 1s switched, or

a switching time configured for the switching of the grandmaster clock.

Preferably, the wireless communication method further comprises transmitting, to the at least one second
wireless network node, a time switch request associated with the switching of the grandmaster clock.

Preferably, the time switch request comprises at least one of:

information on a grandmaster clock candidate to which the grandmaster clock is switched, or

an instructed switching time of switching the grandmaster clock to the grandmaster clock candidate.

Preferably, the mformation on the grandmaster clock candidate comprises at least one of a grandmaster
tvpe, a grandmaster identifier, a grandmaster address or a grandmaster quality.

Preferably, the wireless comumunication method further comprises transmiiting, to the at least one second
wireless network node, a subscription request for the fime syachromization statos mformation.

Preferably, the first wireless network node corprises at Ieast one of a session management function, &
time sensitive comnumication and tine synchronization function or a time sensitive networking adaptation function.

Preferably, the at least one second wireless network node comprises at least one of a user plane function,
a nebtwork time sensttive networking translator, or a radio access network node.

Preferably, the first network node comprises a time sensitive communication and time syachronization
function and/or a time sensitive networking adaptation function. Preferably, a signaling path between the first
wireless network node and the at least one second wireless network node comprises a policy control function and/or
an access and mobility management function.

Preferably, the signaling path further comprises a session management function,

The present disclosure further relates to a wireless communication method for use in a second wireless
network node. The method comprises:
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transputting, to a first wireless network node, time svochronization status nformation associated with a
switching of a grandmaster clock.

Various embodiments may preferably implement the following features.

Preferably, the time synchronization status information comprises at least oune of’

information on at least one grandmaster clock candidate to which the grandmaster clock is switched, or

a switching time configured for the switching of the grandmaster clock.

Preferably, the wircloss communication method further comprises receiving, from the first wireless
network node, a time switch request associated with the switching of the grandmaster clock.

Preferably, the time switch request comprises at least one of

information on a grandmaster clock candidate to which the grandmaster clock 1s switched, or

an instructed switching time of switching the grandmaster clock to the selected grandmaster clock
candidate.

Preferably, the information on the grandmaster clock candidale comprises at least one of a grandmaster
type, a grandmaster identificr, a grandmaster address or a grandmaster quality.

Preferably, the wircless communication method further compuises receiving, from the first wireless
network node, a subscription request for the time synchronization status information.

Preferably, the first wireless network node comprises at least one of a session management funclion, a
time sensitive commumnication and time synchronization function or a fume seasitive networking adaptation function.

Preferably, the second wircless network node comprises at least one of a user plane function, a network
tirne sensitive networking translator, or a radio access network node.

Preferably, the first network node comprises a time sensitive communication and time synchronization
function and/or a time sensitive networking adaptation function. Preferably, a signaling path between the first
wireless network node and the at least one second wireless network node comprises a policy control function and/or
an access and mobility management function.

Preferably, the signaling path further compnses a session management funciion,

The present disclosure further relates to a wireless communication method for use 10 a second wireless
network node. The method comprises:

receiving, from a frst wireless network node, a time swiich request associated with a switching of a
grandmaster clock.

‘arious embodiments may preferably implement the following features,

Preferably, the time switch request comprises at least one of:

information on a grandmaster clock candidate to which the grandmaster clock is switched, or

an instructed switching time of switching the grandmaster clock to the selected grandmaster clock
candidate.

Preferably, the information on the grandmaster clock candidate comprises at least one of a grandmaster
type, a grandmaster identifier, a grandmaster address or a grandmaster quality.

Preferably, the wireless communication method further comprises receiving, from the frst wireless
network node, a subscription request for the time synchronization status information.

Preferably, the first wireloss network node comprises at least one of a segsion management function, a
fime sensifive communication and time synchronization funclion or a time sensitive networking adapiation function.

Preferably, the second wireless network node comprises at least one of a user plane function, a network
time senstitve networking translator, or a radio access network node.

Preferably, the first network node comprises a tune sensitive commumcation and time synchronization
function and/or a time sensitive networking adaptation function. Preferably, a signaling path between the first
wireless network node and the at least one second wueless network node comprises a policy control funclion and/or
an access and mobility management function.

Preferably, the signaling path further comprises a session management function.

2
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The prosent disclosure relates to a {irst wireless network node. The first wireless network node
COMPrIScs:

a communication unit, configured to recetve, from at least one second wircless network node, time
syachronization status information associated with a switching of a grandmaster clock.

‘arious embodiments may preferably implement the following feature.

Preferably, the first wircless network node further comprises a processor configured to perform any of
the aforementioned wircless communication methods.

The present disclosure relates to a second wireless network node. The second wireless network node
comprises:

a communication unit, configured to transmut, to a first wireless notwork node, time synchronization
status information associated with a switching of a grandmaster clock.

Various embodiments may preferably implement the following feature.

Preferably. the second wireless network node further comprises a processor configured to perform any of
the aforementioned wirgless communication methods.

The present disclosure relates to a sccond wireless network node. The second wireless network node
coOmprises:

a communication unit, configured (o receive, from a first wireless network node, a time switch request
assoctated with a switching of a grandmaster clock.

Various embodiments may preferably implement the following feature.

Preferably, the second wireless network node turther comprises a processor configured to perform any of
the aforementioned wireless communication methods.

The present disclosure relates to a computer program product comprising a computer-readable program
medium code stored thercupon, the code, when executed by a processor, causing the processor to implement a wireless
commuucation method recited 1o any one of foregoing methods.

The exemplary erabodiments disclosed herein are directed to providing features that will become readily
apparent by reference to the following description when taken m conjunction with the accompany drawimngs. In
accordance with various embodiments, cxemplary svstems, methods, devices and computer program products are
disclosed herein. It is understood, however, that these embodiments are presented by wayv of example and not hmitation,
and it will be apparent to those of ordinary skill in the art who read the present disclosure that various modifications to
the disclosed embodiments can be made while remannng within the scope of the present disclosure.

Thus, the present disclosure is not limited to the exemplary embodiments and applications described and
tlustrated herein. Additionally, the specific order and/or luerarchy of steps in the methods disclosed berein are mersly
exemplary approaches. Based upon design preferences, the specific order or hierarchy of steps of the disclosed methods
or processes can be re-arranged while remaining within the scope of the present disclosure. Thus, those of ordinary
skill in the art will understand that the methods and techniques disclosed herein present various steps or acts in a sample
order, and the present disclosure s not himited to the specific order or hierarchy presented unless expressly stated
otherwise.

The above and other aspects and their implementations are described in greater detatl in the drawings, the
descriptions, and the claims.

FIG. 1 shows a schematic diagram of a 5G5S network {(architecture) according to an embodiment of the
present disclosure.

FIG. 2 shows schematic diagram of a time synchronization between the UE and the NG-RAN according
to an embodiment of the present disclosure.

FIG. 3 shows a schematic diagram of the (g)PTP fime synchronization according to an embodiment of
the present disclosure.

FIG. 4 shows a schematic diagram of the 3G GM (clock} switching according to an embodiment of the

prosent disclosure.
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FIG. 5 shows a schematic diagram of the 3G GM {(clock) switching according to an embodiment of the
present disclosure.

FIG. 6 shows a schematic diagram of the 5G GM (clock) switching according to an embodiment of the
present disclosure.

FIG. 7 shows a schematic diagram of the 5G GM (clock) switching according to an embodiment of the
present disclosure.

FIG. 8 shows an example of a schematic diagram of a wircless terminal according to an embodiment of
the present disclosure.

FIG. 9 shows an example of a schematic diagram of a wireless network node according o an
embodiment of the present disclosure.

FIGS. 1010 12 are flowcharts of methods according to embodiments of the present disclosure,

FIG. 1 shows a schematic diagram of a network {architecture) according to an ermmbodunent of the
present disclosure. In FIG. 1, the network comprises the following network functions/entities:

DUser equipment (UE):

The UE accesses the SGS and obtains services via the NG-RAN and interacts with an Access and
Mobility Control Function (AMF) of the core network via the NAS signaling. The Device side TSN translator {DS-
TT) is inside the UE and provides a (g)PTP port functionality for the time synchromzation.

2¥Next generation radio access network (NG-RAN)Y:

The NG-RAN may also be called 3G-AN (G Access network, 1.e. 3G Radio Access Network). The NG-
RAN is responsible for an air interface resource scheduling and an air interface conuection management of the
network to which the UE s accessed. In the present disclosure, the NG-RAN may be equal to NG-RAN node or RAN
(node).

3}Access and Mobility Management function {AMF):

The AMF mcludes the following functionalities: Registration management, Connection management,
Reachability management and Mobility Management. This network function also performs an access authentication
and an access authorization. The AMF 15 a non-access stratum (NAS) security termination and relays session
management (SM) NAS among the UE and a session management function (SMF), ..., etc.

4)Session Management function (SMF):

The SMF mcludes  the following functionalitics: Session Management {¢.g. Session establishment,
modify and release), UE IP address allocation & management {including optional Authonization), Selection and
control of UP function, downlink data notification, etc.

5)User plane function (UPF):

The UPF wcludes the folowing functionalities: Anchor point for Intra-/Tater-RAT mobility, Packet
routing & forwarding, Traffic usage reporting, QoS handling for user plane, Downlink packet buffering and downlink
data notification triggering, etc. The Network side TSN translator (DS-TT) 1s inside/comprised in the UPF and
provides the (g)PTP port functionality for the time synchromization.

6 Policy Control Foaction (PCF):

The PCF mcludes the following functionality: Supports unified policy framework to govern network
behavior, provides policy rules to Control Plane function(s) to enforce the policy rule, implements a Front End to
access subscription information relevant for policy decisions in a User Data Repository (UDR).

TiNetwork Exposure Function (NEF):

The NEF is deployed optionally for exchanging information between 3GC (3G core network) and an
external Application Function (AF). In the present disclosure, the NEF/AF 15 used to present the NEF and AF for
brevity.

8)Time Sensitive Communication and Time Synchronization function (TSCTSF):

The TSCTSF coutrols the time synchronization services by controlling the NG-RAN to enable the 3G
Access stratum tune distribution and configuring the DS-TT and NW-TT when the 5GS 15 not integrated with a TSN

4
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network,

Time Sensitive Network Adaptation Function (TSN AF):

The TSN AF provides interworking and adaptation with Centralized Network Configuration (CNC) in
an external TSN network.

To support PTP based time synchronization services, the 5GS simulates/acts as a bridge to an exiernal
PTP network (e.3. a TAN notwork, or a network supporting a standard TEEE 1588). This TSN bridge is called
virtual/logical bridge. The "ogical” TSN Bridge inchudes TSN Translator (TT) functionalitics G.e. the DS-TT in the
UE and the NW-TT in the UPF) for interoperation between the PTP network and the 5GS.

In the present disclosure, the PTP may be equal to gPTP (1e. IEEE 8201 A8} since the PTF may be
compatible with the gPTP.

In the present disclosure, the term GM may be equal 1o “GM clock™

{n FIG. 1, the setwork {architecture) comprises a 5G mwtemal GM clock which s used as a time source
(e.g. GPS clock or GM clock) in the network. The NG-RAN and the UPF/NW-TT perform a time synchronization
with the 5G GM separately. In other words, the NG-RAN and the UPF are assumed to be synchronous.

Inn addition, the UE also needs to be synchronized with the network. There are 2 time distribution
methods for synchronizing the UE.

113G access stratum time distribution

FIG. 2 shows schematic diagram of a time synchromization between the UE and the NG-RAN according
to an embodiment of the preseat disclosure. Particularly, FIG. 2 shows how the UE obtains the 3G precise time over
the air interface from the NG-RAN,

In siep 201, the NG-RAN sends ReferenceTimelnfo to the UE i a SIBY (System information Block 9)
or RRC (radio resource control) message(s).

The ReferenceTimeInfo (i.¢. reference time mformation) at least comprises the following mformation
clements/fields:

- referenceSEFN: This field indicates a reference SEN (System Frame number) corresponding to a
reference time and/or ReferenceTimelnfo.

- Time (ReferenceTume): The time ficld indicates the (reference} time at a boundary {c.g. a start or an
gnd}y of the reference SFN,

in step 202, the UE synchronize with (the time i) the NG-RAN based on the received
ReferenceTimelnfo.

After steps 201 and 202, it is assumed that the UE/DS-TT, the NG-RAN and the UPF/NW-TT are
synchronized 1o fime. That is the UE/DS-TT, the NG-RAN and the UPF/NW-TT are assumed to share/have the same
5GS clock time.

2} {g)PTP time synchronization over the 5GS

As above discussed, the 3GS supports the (g)PTP based time synchronization. In the {g)PTP based time
synchronization, the 5GS acts as a Bridge node (e.g. TSN Bridge). That is, from the outside of the 5GS, the 5G8
acts/tooks like a bridge between the DS-TT and the NW-TT interworking with the PTP network outside of the 53GS.
For example, the PTP network may be a TSN network, an IEEE 1388 network, stc.

FIG. 3 shows a schematic diagram of the (g)PTP time synchronization according to an embodiment of
the present disclosure.

In step 301, the NG-RAN provides the 5GS precise time to the UE/DS-TT via an AS level signaling. For
example, the procedure shown in FIG. 2 may be performed. After step 301, the UPF, the NG-RAN and the UE (are
assumed to} have the same precise time. That is the time in the UPF, the NG-RAN and the UE are synchronized.

in step 302, the TSCTSF/TSN AF reads/configures a PTP port in the UE/DS-TT by using a PMIC (Port
Management raformation Coataner) which 1s camied in a signaling for a FDU {protocol date unit) session. The
signaling between the TSCTSE/TSN AF and the UE/DS-TT may be transmitted via the PCF, the SMF, the AMF and
the NG-RAN.
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In step 303, the TSCTSF/TSN AF reads/configures a PTP port in the UPF/NW-TT by using the PMIC
and a UMIC (User-planc node Management information Container) which 1s camied in the signaling for the PDU
session. The signaling between the TSCTSF/TSN AF and the UPF/NW-TT is transmitted via the PCF and the SMF.

{n step 304, the UPF/NW-TT port receives a (g)PTP time synchronization raessage from an interface N6
between the UPF/NW-TT and the {g)PTP network.

Inn step 305, upon recerving the (g)PTP (synchronization ) message from an upstream PTP instance/node
in the (g)PTP network, the NW-TT (L.e. mgress TT in this erabodiment) makes an ingress fimestamp TSt for the
received (g)PTP message. The ingress time stamp TSt is made based on the synchronized 3GS time.

In step 306, the UPF/NW-TT adds the ingress time starmp TS1 10 a Suffix field of the {g)PTF message
and sends the (g)PTP message {o the UE i the user plane (via PDUJ scssion),

in step 307, the UE/DS-TT (e, egress TT in this embodiment) croates an egress tumestamp TSe when
receiving the (g)PTP messages. The difference between the TS1 and the TSe 1s considered to be residence time spent
on the 548 Bridging of this (g)PTP message. The egress timostamp TSe 1s made also based on the synchronized 3G5
time. That 1s the residence time s caleulated 10 the 5G5S time domam.

In step 308, the UE/DS-TT converts the residence time spent on the 5GS bridging to the (g)PTP time
domain, modifics the payload of the (g)PTP message and sends the (g)PTP message to a downstream (g)PTP node in
the PTP network.

After the procedure shown in the FIG. 3 completes, the UE/DS-TT and UPF/NW-TT are time
svinchronized with the GM clock in the PTP network. In other words, the UE/DS-TT keeps the 3GS internal time (i.e.
5G GM clock) and an external time (PTP network GM clock) simultaneousty.

FIG. 3 shows the (g)PTP time synchromization from the UPF/NW-TT to the UE/DS-TT. The (PTP
time synchronization may be performed n the direction from the UE/DS-TT to the UPF/NW-TT. In the (2)PTP time
synchronization from the UE/DS-TT to the UPF/NW-TT, the UE/DS-TT becomes the ingress TT and the UPF/NW-
TT becomes the egress TT. Specifically, when the UE/DS-TT receives a (g)PTP (synchronization) message from a
{g)PTP node, the DS-TT (1c. mgress TT in this example) creates the mgress timestamp TS1 and send the (}PTP
message comprising the mgress timestamp T 81 to the UPF/NW-TT (i.c. egress TT in this example). The NW-TT
creates the egress time stamp T 5e and caleulates the residence time. The UPF/NW-TT converts the residence time
spent on the 5GS bridging to the (g)PTP time domain and modifies the payload of the (g)PTP message which will be
sent to the downstream (¢)PTP node in the PTP network.

When the 3G GM, which s currently the time source of the 3G8, degrades or is down, ancther 5G GM
will be used as the time source of the 5GS. That is, the time source of the 5GS may change or switch from the mitial
3G GM to another 3G GM (which may be called sew 5G GM i the following}. Because the time resource switching
in the NG-RAN and the UPF are independent/asynchronous, the time m the NG-RAN and the UPF may become
asynchronous for a certain period. The time asynchronization between the UPF and the NG-RAN (and UE/DS-TT)
may result in a failure of the (g)PTP base time synchronization.

FIG. 4 shows a schematic diagram of the 5G GM {clock) switching according to an embodiment of the
present disclosure.

In step 401, the NG-RAN node provides the 5GS precise time to the UE/DS-TT via an AS level
signaling. For example, the procedure shown in FIG. 2 may be performed. After step 401, the UPF, the NG-RAN and
the UE (are assumed to) have the same precise time since the NG-RAN node and the UPF are synchromized with the
matial 3G GM. Thal is the time in the UPF, the NG-RAN and the UE are (assumed to be) synchronized.

n step 402, the initial 3G GM degrades or is down.

In step 403, the NG-RAN switches to a new 3G GM, te., 15 synchronized with the new 5G GM. Note
that, the NG-RAN mav provide the precise time to UE (e.g. via the procedure in FIG. 2). Thus, the UE 1s
svnchronized with the new 3G GM via the NG-RAN.

{n step 404, the UPF/NW-TT receives a (g)PTP message on the interface N6 (e.g. from an upstream PTP
mstance/node in the PTP network). Note that the UPF/MNW-TT has not switched to/synchronized with the new 5G

6
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GM.

In step 405, upon recetving the (g)PTP message from the upstream PTP mstance, the NW-TT makes an
mgress timestamping TS1 based on the initial 5G GM.

In step 406, the UPF/NW-TT adds the TS1 in the Suffix field of the (g)PTP message and send the (g)PTP
message to the UE in the user plane (via a PDU session).

Inn step 407, the UE/DS-TT creates an cgross timestamp T3¢ based on the new 5G GM when recetving
the (g)PTP messages. The UE/DC-TT calculate the residence time by

Residence tirae = TSe (based on the new 3G GM clock) - TSt {(based on mitial 5G GM clock).

In step 408, the UE/DS-TT converts the calculated residence time to the ()PTP time domain, modifies
the pavioad of the (g)PTP message and sends the (g)PTF message to the PTP network.

In step 409, the UPF/NW-TT swiiches its time resource to the new 3G GM. The UPF/NW-TT
svnchromize with the new 3G GM.

In FIG. 4, there 1s an owt-cf-synchronization period from the step 403 to the step 409, In the cut-of-
synchronization period, the time resource of the NG-RAN (and UE/DS-TT) is different from that of the UPF/NW-
TT. The offset between the new 5G GM and the initial 3G GM mtroduces an offset ervor in the calculated residence
time, which may result in serious issues i tme sensitive services/applications.

In some embodiments, when detecting that the current SG GM clock {e.g. GM1} degrades or fails, the
NG-RAN and/or the UPF/NW-TT may need to switch the time resource from the current/mutial 5G GM clock GMI
to another/new 3G GM clock GM2. Under such conditions, the NG-RAN and/or the UPF/NW-TT reports its time
synchronization status to a control point. The time synchronization status may inchide at least one of:

- mformation on the GM1 (c.g. quality/status/type of the GM1);

- associated capability (hold over time);

~ information on a list of 5G GM candidates for the GM2 to which the time resource is switched (c.g.
GM type and/or GM identifier/address and/or quality of each 3G GM candidate); or

- a switching time configured for swiiching from the GM1 o the GMZ.

In some embodiments, the NG-RAN and/or the UPF/NW-TT may be predefined to report the time
synchronization status to the control point.

in some embodiments, the control point may subscribe to the NG-RAN and/or the UPF/NW-TT for the
time synchronization status. For example, the control point may transmit a subscription request to the NG-RAN
and/or the UPF/NW-TT, to request the NG-RAN and/or the UPF/NW-TT to report the ime synchronization status
when detecting the current 3G GM clock degrades or fails.

In some embodiment, the control point comprises at least one of the SMF, the TSCTSF or the TSN AF,
In the present disclosure, a device/mode comprises a network function indicates that the devico/node performs at least
part of functionalities of the network function.

{n some embodiments, after receiving the time synchronization status, the conirol point sends a time
switch request to the NG-RAN and/or UPF/NW-TT. The time swiich request includes at least one of’

- mformation on the GM2 to which the time resource 1s switched (e.g. GM type and/or GM
identifier/address and/or quality of the 3G GM candidate}; or

- an wstructed swifching time of switching from the GMI to the GM2.

In some embodiments, the control pomi may receive the time synchronization status from one of the
NG-RAN and the UPF/NW-TT and transmit the time switch request to at least ong of the NG-RAN or the UPF/NW-
TT {e.g. another one of the NG-RAN and the UPF/NW-TT).

In some embodiments, the control point may recetve the tune synchronization status from both the NG-
RAN and the UPF/NW-TT and transnut the time switch request o at least one of the NG-RAN or the UFF/NW-TT.

In some embodiments, the control point receives the time synchromization status from both the NG-RAN
and the UPF/NW-TT and determines whether to transmit the time switch request to at least one of the NG-RAN or
the UPEF/NW-TT based on the recetved time synchronization status,
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In an embodiment, based on the time synchrontzation status from both the NG-RAN and the UPF/NW-
TT, the control point may determine that the 5G GM switching performed by the NG-RAN and the UPF/NW-TT do
not miroduce the offset error and/or do not cause effects on the time sensitive apphications/services. For example,
based on the time synchronization status from both the NG-RAN and the UPF/NW-TT, the control point may
determune that the 3G GM clock GM2 to which the NG-RAN will swiich is the same with that to which the
UPF/NW-TT will switch and that the switching time of the NG-RAN 1s approximately the same with that of the
UPF/NW-TT. Under such conditions, the control point determines not to transmit the time switch request. In an
embodiment, two switching times are approximately the same if a difference between these two switching times is
smaller than a threshold, e.g. Ims (milbisecond), Sms, ete.

FIG. 5 shows a schematic diagram of the 5G GM {clock) switching according to an embodiment of the
present disclosure. In FIG. 5, the 5G GM switching is conirclled by the SMF. Specifically, the 5G GM (clock)
switching shown in FIG. 5 comprises the following steps:

Step 501: The UPF/NW-TT and the NG-RAN are time synchronized with an mittal/current 3G GM
clock, The NG-RAN provides the precise time to UE (i.¢. via the procedure shown in FIG. 2).

Step 502: The SMF subscribes to a time synchronization status (mformation) from the UPF/NW-TT.
That is the UPEF/NW-TT may be requested to report new 3G GM iformation and possible switching time when
detecting a degradation or fathure of the mitial/current 5G GM.

Step 303: The SMF subscribes to a time synchronization status (nformation) from the NG-RAN via the
AMEF. Ta other words, the UPF/NW-TT may be requested to report the new 3G GM info and possible switching time
when detecting a degradation or failure of the inilial/current 3G GM.

Step S04 When the UPF/NW-TT detects the 3G GM degrade or fails and reports the tine
synchromzation status to the SMF. The tune synchronization status may mnclude:

- oldAnttial/current 3G GM information;

- UPF/NW-TT capability (¢.g. hold over time of the UPF/NW-TT);

- mformation on new 3G GM list (e.g. new GM type, new GM D/address, quabity of each 5G GM
candidate for the now 5G GM});

- switching time of the switching from the old 3G GM o the new 5G GM.

Step 505; When the NG-RAN node detects that the old/iratial current 5G GM degrades or fails, the NG-
RAN node reports the ime synchronization status {o the SMF via the AMF. In an embodiment, the NG-RAN sends
the time synchromization status fo the AMF ip an N2 request, and AMF send it to the SMF ip an SMF service
operation (e.g. Nefon PDUSession_Update). The time synchronization status is similar with that in step 504,

Based on the ime synchronization status received from the NG-RAN and/or the UPF, the SMF
defcrmines a switching time that the NG-RAN and the UPF swilching (o the new 5G GM. The delermined switching
time may be expressed m the old 5G GM time, or the new 5G GM time.

In an embodiment, the SMF may further determine/seloct a 5G GM candidate as the new 5G GM base
o the reported time syachronization status. For example, if the new GM type(s) and/or GM ID{s) of the 5G GM
candidate(s) reported by the NG-RAN 1s different from the new GM type(s) and/or GM ID(s) of the 3G GM
candidate{(s) reported by the UPF, the SMF may need to determine/select one of the reporied 3G GM candidates as
the new 5G GM to which both the UPF and the NG-RAN switch. As an alternative or in addition, if the UPF/NG-
RAN reports a plurality of 5G GM candidates {e.g. a list of 5G GM candidates), the SMF may also need to
determine/select one of the reported 3G GM candidates as the new 3G GM to which both the UPF and the NG-RAN
switch.

Note that the steps 504 and 505 may be parallel steps. As an alternative, one of the steps 304 and 505
ray occur before another one of the steps 504 and 505,

Step 506: The SMF sends Time svnchronization switch information to the UPF/NW-TT, e.g., in an N4
request. The Time synchronization switch information may indicate at feast one of a switching time or the

(selected/determined) new 5G GM (e.g. GM type and/or GM ID). In an embodiment, the switching time may be
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expressed in the old 3G GM time, or the new 3G GM time.

Step 507: The SMF sends the Time synchromization switch mformation to the NG-RAN wia the AMF.
The Time synchronization switch information mav indicate at least one of a swiiching time or the
(selected/determined) new 5G GM {e.g. GM type and/or GM D). In an embodiment, the switching time may be
express in the old 3G GM time, or the new 3G GM time.

Step 508: The NG-RAN and the UPF/NW-TT switch to the new 3G GM at the instructed switched time.

Step 509 After step 308, the UPF/NW-TT and NG-RAN are time synchronized with the new 3G GM
clock. The NG-RAN provides the precise tme to the UE (e.g. via the procedwre shown m FIG. 2).

FIG. 6 shows a schematic diagram of the 3G GM {clock) swiiching according to an embodiment of the
present disclosure. In FIG. 6, the 5G GM switching 1s conirolled by the TSCTSF/TSN AF. Specifically, the 5G GM
(clock) switching shown 1n FIG. 6 comprises the following steps:

Step 601 The UPF/NW-TT and NG-RAN are time synchronized with the mmtial/current 5G GM clock.
The NG-RAN provides the precise tume to UE (e.g. via the procedure shown m FIG. 2).

Step 602: The TSCTSF/TSN AF subscribes to time synchronization status (information) from the
UPF/NW-TT and the NG-RAN. In an embodiment, the TSCTSF/TSN AF may request the UPF/NW-TT and the NG-
RAN to report the new 5G GM info and possible switching time. The message between TSCTSF/TSN AF and the
UPF/NW-TT may be carried m a PMIC (Port Management Information Contamer) or a UMIC (User-plane node
Management Information Container). The TSCTSF/TSN AF may invoke an Npef PolicyAuthorization service to
send the request to the PCF and the PCF may invoke an Npcf SMPolicyControl service to send the subscription
request to the SMF.

Step 603: The SMF subscribes to the tune synchronization status from the UPF/NW-TT.

Step 604: The SMF subscribes to the time synchronization status from the NG-RAN via the AMF.

Step 605: When the UPF/NW.-TT detects the initial/old 3G GM degrades or fails, the UPFANW.-TT
reports the time synchronization status to the SMF. The time synchronization status may inclode at least one of:

- old/initial/current 3G GM information;

« UPF/NW-TT capability (¢.g. hold over time of the UPF/NW-TT);

- mformation on new 5G GM hist {¢.g. new GM type, new GM ID/address, quality of each 3G GM
sandidate for the new 5G GM); or

- switching tirae of the switching from the old 3G GM to the new 3G GM.

Step 606: When the NG-RAN detects the mutial/old 5G GM degrades or fails, the NG-RAN reports the
time synchronization status to the SMF via the AMF. In an embodiment, the NG-RAN sends the time
synchronization status to the AMFE i an N2 request and the AME sends the time synchronization status to the SMF 1n
an SMF service operation {¢.g. Nsfin PDUSession Update). The time synchronization status 1s stmilar with that in
step 603,

Note that the steps 603 and 606 may be paralicl steps. As an alternative, one of the steps 605 and 606
reay ocour before another one of the steps 603 and 606,

Step 607: The SMF notifies the TSCTSF/TSN AF via the PCF of the recetved time synchronization
status. For example, the SMF sends the time synchronization status by invoking an Npef SMPolicyControl Update
service operation towards the PCF and the PCF sends the time synchronization status by invoking an
Npcf PohicyAuthorization Notify service operation towards the TSCTSF/TSN AF,

In an embodiment, the step 607 mav be triggered by step 6035 or step 606. As an alternative, the SMF
may initiates the step 607 after receiving the time synchromization status from both the UPF and the NG-RAN.

Step 608: The TSCTSEF/TSN AF determines the switchmg time that the NG-RAN and UPF need to
switch to the new 5G GM. The switching tine can be expressed 1 the old 3G GM time, or the new 3G GM tuns,

In an embodiment, the TSCTSF/TSN AF may further determine/select a 3G GM candidate as the new
5G GM based on the reported ime synchronization status. For example, if the new GM type(s) and/or GM ID{s) of
the 3G GM candidate(s) reported by the NG-RAN 1s different from the new GM type(s) and/or GM ID(s) of the 5G
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GM candidate(s) reported by the UPF, the TSCTSE/TSN AF may need to determine/select one of the reported 5G
GM candidates as the new 3G GM to which both the UPF and the NG-RAN swiich, As an alternative or nn addifion,
if the UPF/NG-RAN reports a pharality of 3G GM candidates (e.g. a list of 5G GM candidates), the TSCTSF/TSN AF
ray also need to determine/select one of the reported 3G GM candidates as the new 3G GM to which both the UPF
and the NG-RAN switch.

The TSCTSF/TSN AF sends time synchromzation switch nformation fo the SMF via the PCF. The time
synchronization switch information may include/indicate the determined switchiag time and/or the new 5G GM (e.g.
GM type and/or GM ID of the new 3G GM). The switching time can be expressed m the old 3G GM time or the new
5G GM time. The TSCTSF/TSN AF may send the time synchronization switch information to the PCF by invoking
an Npcf PolicvAuthorzation Update. The PCF may send the time synchironization switch mformation to the SMF
by mvoking an Npef SMPolicyContrel Update.

{n an embodiment, the time synchronization switch information sent to the PCF may be carried in the
PMIC or the UMIC.

Step 609: The SMF sends the time synchronization switch information to the UPF/NW-TT iz an N4
reguest. The time synchronization switch mformation may include/indicate the determined switching time and/or the
new 5G GM {e.g. GM tyvpe and/or GM ID of the new 3G GM). The switching time can be expressed in the old 3G
GM time or the new 5G GM time.

Step 610: The SMF sends the time synchronization switch mformation to the NG-RAN via the AMF.
The time synchronization switch information reay inchude/indicate the determined switching time and/or the new 3G
GM {(e.g. GM type and/or GM ID of the new 5G GM). The switching time can be expressed in the old 5G GM time
or the new 3G GM time.

Step 611 The NG-RAN and UPF/NW-TT switch o the new 3G GM at the switching thme
indicated/included in the time synchronization switch information.

Step 612: The UPF/NW-TT and NG-RAN are time synchronized with new 5G GM clock and NG-RAN
provides the precise time o UE (e.g. via the procedure shown mn FIG. 2).

FIG. 7 shows a schematic diapram of the 5G GM (clock) switching according to an embodiment of the
present disclosure. In FIG. 7, the signaling path from the TSCTSF and the NG-RAN does not comprise the SMF.
Specifically, the 5G GM (clock) switching shown in FIG. 7 comprises the following steps:

Step 701: The TSCTSF/TSN AF subscribes to the ime syachronization status from the NG-RAN. The
TSCTSE/TSN AF may request the NG-RAN to report the new 3G GM mformation and possible switching time. The
TSCTSE/TSN AF send the subscription request to the AMF.

I FIG. 7, the TSCTSF/TSN AF checks the UUDM to find the AMF serving the UE and sends the
subscription request to the AMF.

In an embodiment, the TSCTSF/TSN AF may check a BSF (binding support function} to find the PCF
{e.g. access and mobility management PCF (AM-PCF)) and send the subscription request to the PCF. The PCF sends
the subscription request to the AMF.

Step 702: The AMF subscribes to the ime synchronization status from the NG-RAN.

Step 703: When the NG-RAN detects the {initial/current) 3G GM degrades or fails, the NG-RAN reports
the time synchronization status to the AMF in an N2 request. The time synchronization status may include:

The time synchronization status may include at least one of:

- old/nitial/current 3G GM information;

- UPF/NW-TT capability (e.g. hold over time of the UPF/NW-TT);

- mformation on new 3G GM list {e.g2. now GM type, new GM D/address, quality of each 3G GM
candidate for the new 5G GM}; or

- switching tirae of the switching from the old 5G GM to the new 3G GM.

Step 704: The AMF sends the time synchronization status o the TSCTSF/TSN AF. In this embodiment,
the time synchronization status may be sent to the TSCTSF/TSN AF via the PCF.
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Step 705: The TSCTSF/TSN AF determines the switching time that the NG-RAN aeeds to switch to the
new 5 GM. The determined switching time may be oxpressed in the old 3G GM time, or the new 5G GM time. The
TSCTSF/TSN AF may also determine the new 5G GM to which the NG-RAN switches.

in FIG. 7, the TSCTSE/TSN AF sends the time sync switch information to the AMF.

Step 706: The AMF sends the tume syne switch information (o the NG-RAN,

Step 707:  The NG-RAN switches to the new 5G GM at the switching time indicated/included n the
time sync switch mformation.

FIG. 8 relates to a schematic diagram of a witeless terminal 80 according to an embodiment of the
present disclosure. The wireless terminal 80 may be a user equipment (U}, a mobile phone, a laptop, a tablet
computer, an gloctronic book or a portable computer sysiem and 1s not hmited herem. The wirgless termunal 80 may
inchude a processor 800 such as a microprocessor or Application Specific lntegrated Circuit (ASIC), a storage unit
810 and 2 communication unif 820, The storage unit 810 may be any data storage device that stores a program code
812, which 15 accessed and executed by the processor 800. Embodiments of the storage unit 810 melude but are not
hmuted to a subscriber identity module (5IM), read-only memory (ROM), flash memory, random-accsss memory
(RAM), hard-disk, and optical data storage device. The communication unit 820 may a transceiver and is used to
transmit and receive signals (e.g. messages or packeis) according to processing results of the processor 800, In an
embodiment, the communication untt 820 transmits and receives the signals via at least one antenna 822 shown in
FIG. 8.

In an embodiment, the storage unit 810 and the program code 812 may be omitted and the processor 800
may include a storage unit with stored program code.

The processor 800 may implement any one of the steps in exemplified embodiments on the wireless
terminal 80, e.g., by exccuting the program code 812.

The communication unit 820 may be a transceiver. The communication unit 820 may as an alternative or
in addition be corabining a transmitting unit and a receiving unit configured to transmit and 1o receive, respectively,
signals to and from a wireless network node {¢.g. a base station).

FIG. 9 relates to a schematic diagram of g wireless network node 90 according to an embodiment of the
present disclosure. The wireless network node 90 may be a satellite, a base station (BS), a network entity, a Mobihity
Management Entity (MME), Serving Gateway (5-GW), Packet Data Network (PDN) Gateway (P-GW), a radio access
network (RAN) node, a next generation RAN (NG-RAN) node. a gNE, an ¢NB, a gNB ceniral unit (NB-CU), a gNB
distributed unit (gNB-DU} a data network, a core network or a Radio Network Controller (RNC), and 18 not hmuted
herein. In addition, the wircless network node 90 may comprise/perform at least one network function such as an access
and mobility management function (AMF), a session managerent fuaction (SMF), a user place function (UPF), a
policy control function (PCF), an application function {AF), a ime sensilive communication and ime synchronization
function (TSCTSY) or a time sensitive networking adaptation function {TSN AF), ete. The wireless network node 90
may include a processor 900 such ag a microprocessor or ASIC, a storage unit 910 and a communication unit 920, The
storage urat 910 may be any data storage device that stores 2 program code 912, which 15 accessed and executed by the
processor 00, Examples of the storage unit 910 include butd are not hmited to a 3IM, ROM, flash memory, RAM, hard-
disk, and optical data storage device. The communication unit 920 may be a transceiver and is used to transmit and
receive signals {e.g. messages or packets) according to processing results of the processor 900, Tn an example, the
commumnication unit 920 transmits and receives the signals via at least one antenna 922 shown in FIG. 9.

In an embodiment, the storage unit 210 and the program code 912 may be omitted. The processor 900 may
inclade a storage unit with stored program code.

The processor 900 may implement apy steps described in exemplified embodiments on the wireless
network node 90, ¢.g., via executing the program code 212,

The communication unit 920 may be a transceiver. The communication unit 920 may as an alternative or
1 addition be combining a transmitting unit and a recetving unit configured to transmit and (o receive, respectively,

signals to and from a wirgless terminal {o.2. a user equipment or another wireless network node).
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FIG. 10 shows a {lowchart of a method according to an embodiment of the present disclosure. The method
shown 1n FIG. 10 may be used in a first wircless network node (¢.g. the SMF, the TSCTSF, the TSN AF, a wircless
network node comprising at least one of the SMF, the TSCTSF or the TSN AF or a wireless network node performing
at least part of functionalities of at least one of the SMF, the TSCTSF and the TSN AF) and comprises the following
step:

Step 1001: Receive, from at least one sccond wircless network node, time synchronization status
information associated with a switching of a grandmaster clock.

In the embodiment shown i FIG. 10, the first wireless network node receives time synchronization
status mformation from at least one second wireless network node. The syvachronization status iformation 15
associated with a switching of a (3G) GM clock {e.g. swiiching from a first GM clock to a second GM clock). For
example, the time synchronization status information comprises at least one of:

- information on an initial GM clock from which the GM clock 1s switched (i.¢. the first GM clock),

- a wircless network node capability {¢.g. hold over time of the first wireless network node)

- mformation on at least one GM clock candidate to which the GM clock 1s switched (c.g. alist of
grandmaster clock candidate(s) for the second GM clock), or

- aswitching time configured for the switching of the GM clock (e.g. the time of the first wireless network
node planning to switch the GM clock from the first GM clock to the second GM clock).

In an embodiment, the first wireless network node may transmit a time switch request/information
associated with the switching of the GM clock to the second wireless network node(s). Note that the first wircless
network node may be predefined fo transmit the time swiich request/information in response to the received the ime
syachromzation status information. As an alternative or in addition, based on the received the time synchronization
status information, the first wircless network node may determine whether to transmit the tume switch
reguest/information and/or the second wireless network node to which the time switch request/information is
sent/transmitied.

In an embodiment, the time switch request/information comprises at least one of’

- mformation on a GM clock candidate to which the grandmaster clock ig switched (e the second GM
clock), or

- an instructed switching time of switching the grandmaster clock to the GM clock candidate.

{n an embodiment, the first wireless network node may determme/select a GM clock candidate to which
the GM clock 18 switched (i.e. the second GM clock) and/or an mstructed switching time of switching the GM clock
to the determined/selected GM clock candidate.

1t an embodiment, the information on the GM clock or the GM clock candidate comprises at Icast one of;
a GM type, a GM ID, a GM address or a GM {clock) quality.

In an embodiment, the first wircless network node transmiis a subscription request for the time
synchronization status information to the second wireless network node(s), to subscribe to the time synchronization
status information.

{n an embodiment, the second wireless network node comprises at least one of a UPF, a NW-TT, or a
RAN node (e.g. NG-RAN}.

In an embodiment of the first wireless network node comprising/being the TSCTSF/TSN AF, a signaling
path between the first wireless network node and the second wireless network node(s) comprises a PCF and/or an AMF,

in an embodiment, the signaling path between the first wireless network node and the second wireless
network node(s) may further comprise an SMF.

FIG. 11 shows a flowchart of a method according to an embodiment of the present disclosure. The method
shown mn FIG. 11 may be used m a second wireless network node (s.g. the UPF, the NW-TT, the RAN node, a wircless
network node comprisiag at least one of the UPF, the NW-TT and the RAN node or a wireless network node perform
at least part of functionalities of at least one of the UPF, the NW-TT or the RAN node) and comprises the following
step:
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Step 1101: Transmii, to a first wireless nctwork node, tune syachronization status information associated
with a switching of a grandmaster clock.

In this embodiment, the second transmits time synchronization staws information associated with a
switching of a grandmaster clock (e.g. from a first GM clock to a second GM clock). For example, the second wireless
network node may transmit the time synchronization status information when detecting that the first/current GM clock
(e.g. mutial 5G GM shown in FIG. 3 or 4) degrades or fails or 1s down and/or when determirung to switch the GM clock
from the first GM clock to the second GM clock.

In a0 embodiment, the time synchronization status information comprises at least one of:

- mformation on an initial GM clock from which the GM clock 1s switched (1e. the first GM clock),

- a wireless network node capability (e.g. hold over time of the first wireless network node)

- information on at least one GM clock candidate to which the GM clock is switched (e.g. a bist of
grandmaster clock candidate(s) for the second GM clock), or

- a switching time configured for the swilching of the GM clock (e.g. the time of the first wircless network
node planning to switch the GM clock from the first GM clock to the second GM clock).

I an embodiment, the second wireless network node may receive a time switch request/information from
the first wireless network nede. The time switch request/information is associated with the switching of the GM clock.

In an embodiment, the time switch request/information comprises al least onc of

- mformation on a GM clock candidate to which the grandmaster clock is switched G.e. the second GM
clock), or

- an iostracted switching tione of switching the grandmaster clock to the GM clock candidate.

In an embodiment, the information on the GM clock or the GM clock candidate comprises at least one of;
a OM type, a GM ID, a GM address or a GM (clock) quality.

In an embodiment, the second wireless network node may be predefined to transmit the time
synchronization status mformation to the first wireless network node.

In an embodiment, the second wireless network node receives, from the first wireless network node, a
subscription request for {subscribing to) the tune synchronization status mnformation.

In an embodiment, the first wireless network node may compnse/be an SMF and/or a TSCTSF and/or a
TSN AF.

{n an embodiment of the first wireless network node comprising/being the TSCTSF and/or the TSN AF,
a signaling path between the first wireless network node and the second wireless network node comprises a PCF and/or
an AMF.

In an embodiment, the signaling path between the first wireless network node and the second wireless
network node may further comprise an SMF.

FIG. 12 shows a flowchart of a method according to an embodiment of the present disclosure. The method
shown in FIG. 12 may be used in a second wireless network node (e.g. the UPF, the NW-TT, the RAN node, awircless
network node comprising at least one of the UPF, the NW-TT and the RAN node or a wireless network nede perform
at least part of functionalities of at least one of the UPF, the NW-TT or the RAN node) and comprises the following
step:

Step 1201: Receive, from a first wireless network node, a time switch request associated with a switching
of a grandmaster clock.

In FIG. 12, the second wireless network node receives a time switch request/information associated with
{c.g. indicating) a switching of a GM clock. For example, the time switch request may indicate the switching from a
first GM clock to a second GM clock. Note that the sccond wireless network node may not transput time
synchronization status information associated with the switching of the GM clock prior to/before receiving the time
switch request/information 1o this embodiment.

{n an embodiment, the time switch request/information comprises at least one of’

- information on a GM clock candidate (o which the grandmaster clock is switched (1.¢. the second GM
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clock}, or

- an mnstructed switching time of switching the grandmaster clock to the GM clock candidate.

In an embodiment, the information on the GM clock or the GM clock candidate comprises at least one of
a GM type, a GM ID, a GM address or a GM (clock) quality.

In an embodiment, the first wireless network node mav comprise’be an SMF and/or a TSCTSF and/or a
TSN AF.

In an embodiment of the first wircless network node comprising/being the TSCTSF and/or the TSN AF,
a signaling path between the first wireless network node and the second wireless network node comprises a PCF and/or
an AMF.

In an embodument, the signaling path between the first wireless notwork node and the second wireless
network node may further comprise an SMF.

While various embodiments of the present disclosure have been described above, 1t should be understood
that they have been presented by way of example only, and not by way of limutation. Likewise, the various diagrams
may depict an example architectural or configuration, which are provided to enable persons of ordinary skill m the art
to understand exemplary features and functions of the present disclosure. Such persons would wnderstand, however,
that the present disclosure is not restricted to the illustraied example architectures or configurations, but can be
mplemented using a vanety of alternative architectares and configurations. Additionally, as would be understood by
persons of ordinary skill in the art, one or more features of one embodument can be cormbined with one or more features
of another embodiment described herein. Thus, the breadth and scope of the present disclosure should not be himited
by any one of the above-described exemplary embodimenis.

1t 15 also understood that any reference to an clement herein using a designation such as "first,” "second,”
and so forth does not generally lomit the quantity or order of those clements. Rather, these designations can be used
herein as a convenient means of distinguishing between two or more clomends or instances of an element. Thus, a
reference to first and second elements does not mean that only two elements can be employed, or that the first element
must precede the second clement 1n some manner.

Additionally, a person having ordinary skill in the art would understand that mformation and signals can be
represenied using any one of a variely of different technologies and technigues. For example, data, instructions,
commands, information, signals, bits and symbols, for example, which may be referenced 1 the above description can
be represented by voltages, currents, clectromagnetic waves, magnetic fields or particles, optical ficlds or particles, or
any combination thereof.

A skalled person would further appreciate that any one of the various ithustrative logical blocks, units,
processors, means, cireuits, raethods and funchions described m connection with the aspeets disclosed heroin can be
mplemented by elecironic hardware (e.g., a digital implementation, an analog implementation, or a combination of the
two), firmware, various forms of program or design code incorporating instructions (which can be referred to herein,
for convenience, as "software” or a "software unit”), or anv combination of these technigues.

To clearly illusiraie this imterchangeability of hardware, fumware and software, various idlustrative
components, blocks, units, circuits, and steps have been described above generally i torms of their functionality,
Whether such functionality is maplemented as hardware, firmware or software, or a combination of these techmigues,
depends upon the particular application and design constraints imposed on the overall svstem. Skilled artisans can
implement the described functionality in various wavs for each particular application, but such implementation
decisions do not cause a departure from the scope of the present disclosure. In accordance with various embediments,
a processor, device, component, oircuit, structure, machine, unit, eic. can be configured to perform one or more of the
functions deseribed heremn. The term “configured to” or “configured for” as used herein with respect (o a specific
operation or function refers to a processor, device, component, circuit, siructure, machine, unit, cte. that 1s physically
construcied, programmed and/or arranged to perform the specified operation or function,

Furthermore, a skilled person would understand that various illustrative logical blocks, uaits, devices,
components and circuits described herein can be mplemented within or performed by an ntegrated circunit (IC) that

14
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can melude a general purpose processor, a digital signal processor (DSP), an application specific mtegrated circuit
(ASIC), a ficld programmable gaie arvay (FPGA) or other programmable logic device, or any combination thereof. The
fogical blocks, units, and circutis can further wnclude antennas and/or transceivers to commuunicate with various
compoenents within the network or within the device. A general purpose processor can be a microprocessor, but in the
alternative, the processor can be any conventional processor, controller, or state machine. A processor can also be
implemented as a combination of computing dovices, ¢.g., a combimation of a DSP and a microprocessor, a plurality of
MICFOPrOCESSOTs, ONe OF MOFS MICroprocessors in conjunction with a DSP core, or any other suitable configuration to
perform the functions described herein. If implemented in software, the functions can be stored as one or more
mstriuctions or code on a computer-readable medmun. Thus, the steps of a method or algorithm disclosed herem can bo
implemented as software stored on a computer-readable medium.

Computer-readable media includes both computer storage media and communication media including any
medium that can be enabled to transfer a compuler program or code from one place to another. A storage media can be
any available media that can be accessed by a computer. By way of example, and not hmitation, such computer-readable
media can include RAM, ROM, EEPROM, CD-ROM or other optical disk storage, magnetic disk storage or other
magnetic storage devices, or any other medium that can be used to store desired program code 1n the form of instructions
or data structures and that can be accessed by a compuicr.

In this document, the term "unit" as used herein, refers to software, firmware, hardware, and any
combinaiion of these clements for performing the associated functions descobed herein. Additionally, for purpose of
discussion, the various units are described as discrete units; however, as would be apparent to one of ordinary skill in
the arl, two or more units may be combined to form a single unit that perforrus the associated functions according
embodiments of the present disclosure.

Additionally, memory or other storage, as well as communication components, may be emploved in
embodiments of the present disclosure. It will be appreciated that, for clanity purposes, the above description has
described embodiments of the present disclosure with reference to different fusctional units and processors. However,
it will be apparent that any suitable distribution of functionality between different functional unils, processing logic
clements or domains may be used without detracting from the present disclosure. For example, functionality illustrate
to be performed by separate processing logic clements, or controliers, mav be performed by the same processing logic
glement, or controller. Hence, references to specific functional units are only references to a suitable means for
providing the described funciionality, rather than indicative of a strict logical or physical structure or organization.

Various modifications to the implementations described m this disclosure will be readily apparent (o those
skilled in the art, and the general principles defined herein can be applied to other implementations without departing
from the scope of the clamms, Thus, the disclosure is not ntended to be lunited to the mmaplementations shown herein,
but 1s to be accorded the widest scope consistent with the novel features and principles disclosed herein, as recited in

the claims below.
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CLAIMS

A wireless communication method for use m a first wircless network node, the method comprising:
receiving, from at least one second wircless network node, time synchronization status information associated

with a switching of a grandmaster clock.

The wireless comnmunication method of claun |, wherein the time syachronization status imformation comprises
at keast one of:
mformation on at least one grandmaster clock candidate to which the grandmaster clock 1s switched, or

a switching time configured for the switching of the grandmaster clock.

The wireless communication method of claim 1 or 2, further compusing:
transmitiing, (o the at least one second wireless network node, a time switch request associated with the switching

of the grandmaster clock.

The wircless communication method of claim 3, wherein the time switch request comprises at least one of:
information on a grandmaster clock candidate to which the grandmaster clock is switched, or
an nstructed switching time of switching the grandmaster clock to the grandmaster clock candidate.

The wireless communication method of any of claus 2 to 4, wherein the information on the grandmaster clock
candidate comprises at least one of a grandmaster type, a grandmaster identifier, a grandmaster address or a

grandmaster quality.

The wireless communication method of any of claims 1 to 5, further comprising:
transmittimg, to the at least one second wireless network node, a subscription request for the time synchronization

status information.

The wircless communication method of any of claims 1 to &, wherein the first wireless network node comprises
at feast one of a session management function, a time sensitive communication and time synchronization

function or a time sensitive networking adaptation function.

The wireless communication method of any of claims 1 to 7, wherein the at least one second wireless network
node comprises at least one of a user plane function, a network time sensitive networking translator, or a radio

access network node.

The wircless communication method of any of claims 1 o 8, wherein the first network node comprises a time
sensitive communteation and time synchronization function and/or a time sensitive networking adaptation
function,

wherein a signaling path between the first wireless network node and the at least one second wireless network

node comprises a policy control function and/or an access and mobility management function,

The wireless commumcation method of claim 9, wherein the signaling path further comprises a session

management function.

A wireless communication method for use in a second wireless network node, the method comprising:
fransmitting, to a frst wireless network node, Ume synchronization status information associated with a
16
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switching of a grandmaster clock.

The wircless communicaiion method of claim 11, wherein the time synchronization status information comprises
at feast one of
mformation on at least one grandmaster clock candidate to which the grandmaster clock is switched, or

a switching time configured for the switching of the grandmaster clock.

The wircless communication method of claim 11 or 12, further comprising:
receiving, from the first wireless network node, a time swiich roquest associated with the gwitching of the

grandmaster clock.

The wireless commumcation method of claim 13, wherein the time switch request comprises at least one of
mformation on a grandmaster clock candidate fo which the grandmaster clock 1s switched, or

an instructed switching time of switching the grandmaster clock to the selected grandmaster clock candidate.

The wireless communication method of any of claims 12 to 14, wherein the information on the grandmaster
clock candidate comprises at least one of a grandmaster type, a grandmaster identifier, a grandmaster address or
a grandmaster quality.

The wireless commumcation method of any of claims 11 to 115, further comprising:
recetving, from the first wireless network node, a subscriplion request for the time synchronization status

miormation.

The wireless comrsunication method of auy of claims 11 to 16, wherein the first wireless network node
comprises at least one of a session management function, a fbme sensiive communication and lime

synchronization function or a time sensitive networking adaptation function.

The wireless communication method of any of claims [ to 17, wherein the second wireless network node
comprises at least one of a user plane function, a network time sensitive networking translator, or a radic access

network node.

The wireless communication method of any of clases 13 to 18, wherein the first network node comprises a time
sensitive commurication and time synchronization funciion and/or a time sensiive nelworking adaptation
function,

wherein a signaling path between the first wircless network node and the at least one second wireless network

node comprises a policy condrad function and/or an access and mobility management function.

The wireless communication method of claim 19, wherein the signaling path further comprises a session

management function.

A wircless commumication method {or use in a second wireless network node, the method comprising:
receiving, from a first wireless network node, a time switch request associated with a switching of a grandmaster

clock.

The wircless communication method of claun 21, wherein the fime switch request comprises at least one of;
mformation on a grandmaster clock candidate to which the grandmaster clock is switched, or

an instructed switching time of switching the grandmaster clock to the selected grandmaster clock candidate.

17
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The wircless commumication method of claim 22, wherein the nformation on the grandmasier clock candidate
comprises at least one of a grandmaster type, a grandmaster identifier, a grandmaster address or a grandmaster

gquality.

24, The wireless communication method of any of claims 21 to 23, wherein the first wircless network node
comprises at least one of a session management function, a fime sensilive communication and fime

synchronization function or a time sensitive networking adaptation function.

N2
L

The wireless communication method of any of claims 21 1o 24, wherein the second wireless network node
comprises at least one of a user plane function, a network time sensitive networking translator, or a radio access

network node.

26,  The wireless communication method of any of clamms 21 to 25, wherein the first network node comprises a time
sensitive communication and time synchronization function and/or a time sensitive networking adaptation
function,
wherein a signaling path between the first wireless network node and the at least one second wireless network

node comprises a policy contro! function and/or an access and mobility management function.

27.  The wireless communication method of claim 26, wherein the signaling path further comprises a session

management funclion.

28, A first wireless network node, comprising:
a communication unit, configured t¢ recetve, from at least one second wircless network node, time

synchronization status information associated with a switching of a grandmaster clock.

29, The first wircless network node of claim 28, further comprising a processor configured to perform the wireless
communication method of any ane of claims Z to 10.

30, A second wireless network node, comprising:
a communication unit, configured to transmit, to a first wircless network node, time svachronization status

wformation associated with a switching of a grandmaster clock.

31, The first wireless network node of claim 30, further comprising a processor configured to perform the wireless

communication method of any one of claims 12 to 20.

32, Asecond wireless network node, comprising:
acommunication unit, configured to receive, from a first wireless network node, a time switch request associated

with a switching of a grandmaster clock.

33, The first wireless network node of claim 32, further comprising a processor configured o perform the wireless

communication method of any one of claims 22 t0 27.
34, Acomputer program product comprising a compuier-readable program medium code stored thereupon, the code,

when executed by a processor, causing the processor to mmplement a wircless communication method recited 1n

any one of claims 1 t0 27.

18
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