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[bookmark: _Hlk526665839]Abstract of the contribution: This paper addresses open Editor’s notes and provides updates for Solution 4 in TR 23.700-25.
1. Discussion
1.1	Overview
The following sections discuss open Editor’s notes for Solution in TR 23.700-25 and propose a way forward to address the Editor’s notes.
1.2	Network timing synchronization status exposure to AF
There are one Editor’s notes related to network timing synchronization status exposure to AF. 
In clause 6.4.3.1: 
Editor's note: The actual details of the parameters to be provided by NG-RAN and to AF are FFS.
The following table summarizes the extensions to the interactions between TSCTSF and AF in the solutions addressing KI#1:
	Solution
	What can the AF request to 5GS? (on top of Rel-17)
	What can the TSCTSF inform to the AF?

	Sol#1
	--
	1) TSCTSF notifies time synchronization service status (ASTI or (g)PTP).

	Sol#3
	AF can subscribe to network timing synchronization status (only UPF is in the scope of this solution)
	1) TSCTSF can confirm the 5GS fulfill the time synchronization error budget requirement.
2) TSCTSF can provide timing synchronization status report containing holdover time or traceability capability (e.g., clock class, sync accuracy, UTC divergence).

	Sol#4
	AF can subscribe to time synchronization service status ((g)PTP or ASTI) and network time sync status
	1) TSCTSF notifies time synchronization service status (ASTI or (g)PTP).
2) TSCTSF can provide network timing synchronization status report containing time status information (specific parameters FFS).

	Sol#5
	--
	1) TSCTSF notifies time synchronization service status

	Sol#14
	AF can request ASTI/(g)PTP service including timing resiliency requirements: i) Assisted/Complement timing method; ii) type of timing; iii) required timing accuracy
	TSCTSF notifies if one or more agreed timing resiliency requirements are out of range

	Sol#17
	AF can subscribe to time synchronization status.
	1) TSCTSF notifies time synchronization service status



The common principle present in all solutions is the TSCTSF can notify the AF the time synchronization status. That is, if the service needs to be deactivated/activated for a UE if the time synchronization error budget cannot/can be fulfilled. This should be applicable for ASTI or (g)PTP based time synchronization service. Particularly solution #3 does not consider ASTI in the scope of the solution but our understanding is that this solution can be used in combination with other solutions that also cover ASTI like solution #1 or solution #4, thus, the same principle can be assumed for ASTI (similar to solution #5 approach).
To enable this notification from TSCTSF to AF, solution #4 proposes to extend existing Release-17 time synchronization APIs (i.e., Ntsctsf_TimeSynchronization_Config and Ntsctsf_ASTI) with Subscribe/Unsubscribe/Notify operations to enable the AF to perform this request for the time synchronization service. 

Proposal 1: Conclude in KI#1 principles the notification of time synchronization service status from TSCTSF to the AF if the service requirement (i.e., time sync error budget) can or cannot be fulfilled.

In addition to the notification of the time synchronization status, solutions #3, #4, and #14 contemplate exposing to the AF additional network timing synchronization status. Each solution has a different flavor for this:
· Solution #3: TSCTSF can indicate holdover time or traceability capability information.
· Solution #4: Detailed parameters are FFS but the functional description enables the TSCTSF to notify the AF at any given instant timing synchronization status reports received from NG-RAN (for ASTI) or from UPF/NW-TT (for (g)PTP).
· Solution #14: TSCTSF can notify the AF when one or more agreed timing resiliency requirements (assisted or complement timing, type of timing, frequency/phase accuracy requirement compared to UTC frequency/phase, respectively) are out of range (ok or not ok).

To our understanding, the functional principles to address KI#1 should enable 5GS time provisioning service to be closer to be an alternative/complement to GNSS. For critical-timing use cases, monitoring of the synchronization status through the distributed devices in the network (i.e., time receivers) is key to understand the correlation of the events happening in the network. The ability to provide real time monitoring and time uncertainty values to the end user or application will allow a system to decide on the applicability or weight of the time data with respect to its end application. If the 5GS is used as a source of time for these time critical use cases, the monitoring system could benefit from a centralized reporting of the 5G timing synchronization service status from one entity (e.g., the AF) beyond the indication of time synchronization error budget can/cannot be fulfilled. The AF via exposure framework can provide the network view for timing synchronization status service compared to receiving the individual reports from the UEs. 
Additionally, to enable UTC traceability notifications at AF side, for (g)PTP scenarios an AF can rely on (g)PTP messages if it is another PTP node within the PTP network. However, for ASTI service, there is no mechanism for the AF to learn the time distribution chain uncertainty (apart from relying on other UE application layer communication to retrieve this information).

The additional information to provide to the AF is different depending on the time synchronization service the UE or group of UEs are using (i.e., (g)PTP or ASTI). Leaving the detailed parameters FFS, the following principle can apply:
· For (g)PTP time synchronization service: UPF/NW-TT timing synchronization status report is used at the TSCTSF to expose information to AF (based on (g)PTP attributes) related to the (g)PTP service the UPF/NW-TT is providing to the UE(s). Additionally, the TSCTSF can add the RTI uncertainty value the UE(s) are receiving if the RAN timing synchronization status report, that is serving the UE, includes it. As access stratum time distribution is required in parallel to (g)PTP synchronization process, the notification of RTI uncertainty in (g)PTP case can help the AF to be aware of the accumulated error the time distribution chain is experimenting.
· For ASTI time synchronization service: RAN timing synchronization status report is used to expose information to AF (detailed parameters are FFS but they may include primary source lock state, RTI uncertainty, source quality, etc.) related to the access stratum time distribution service the RAN node is providing to the UE(s).

Since only one network element is considered for the exposure of timing synchronization status exposure to the AF, the TSCTSF doesn’t need to create a single report based on UPF/NW-TT and RAN reports. RTI uncertainty is the only parameter that can be extracted from the RAN report and include it together with the UPF/NW-TT report in (g)PTP service scenario. From AF’s perspective, the AF is not aware of the specific network element that is providing the time synchronization service to the UE(s) (e.g., the ID of the RAN or UPF/NW-TT node), this can be known up to the TSCTSF but not exposed. The AF could know in a higher level for example what is the status of the primary source that is used for the time synchronization service and the lock state of the 5GS with respect to that primary source that is used by the 5GS to provide time synchronization as a service for a subset of UE(s).


Proposal 2: Update solution #4 to clarify the operation how the TSCTSF can use the RAN and UPF/NW-TT timing synchronization status reports to expose the information to the AF. For (g)PTP time synchronization service, the UPF/NW-TT timing synchronization status report is used (and the RTI uncertainty if available). For ASTI time synchronization service, RAN timing synchronization status report is used. Relevant parameters are FFS.
	
1.3	Network timing synchronization status parameters, reporting, and operation at the TSCTSF
There are three Editor’s notes related to network timing synchronization status report parameters the TSCTSF will receive from RAN nodes and UPF/NW-TT and how the TSCTSF can manipulate the reports. 
In clause 6.4.2.2: 
Editor's note: What type of information is needed and how it is used is FFS.
This open Editor’s note together with the previous Editor’s note in subclause 1.2 target the parameters that can considered inside the network timing synchronization status reports (either from RAN node or UPF/NW-TT node) to the TSCTSF. The network timing synchronization monitoring service should provide a high-level view of the timing synchronization status at the network elements that are involved in time synchronization as a service provided to the targeted UE(s). The TSCTSF is the NF consuming this information for the following:
· Determine if the time synchronization error budget for the time synchronization service configured to the UE can still be satisfied or it will be exceeded. That is, for time synchronization service enforcement. If the E2E time synchronization error budget can be satisfied, the TSCTSF does not need to modify the time synchronization service. Otherwise, the TSCTSF may reconfigure the service (e.g., removing temporally the UE/DS-TT from the PTP instance, deactivating ASTI) and notify the AF accordingly.
· Determine the quality of the time synchronization information distributed to the UE and expose this information as a report to the AF. As described in subclause 1.2, the TSCTSF could only notify the status of the time synchronization status or could provide additional network timing synchronization status information to the AF. 
Since the goal is to build this time synchronization monitoring framework on top of current solutions for the synchronization plane operation, and this area has been already covered by ITU-T. To progress the discussion of the parameters to be considered as part of a report from RAN or UPF/NW-TT, the proposed way forward is to send a LS to ITU-T to ask for advice and what type of information related to synchronization status can be provided from the synchronization plane (i.e., a network management system or a time consumer node like RAN or UPF/NW-TT) to an outside node (i.e., the TSCTSF).
Proposal 3: Send a LS out to ITU-T to ask for relevant network timing synchronization status parameters and reporting outside the synchronization plane of the network.

In clause 6.4.2.1: 
Editor's note: It is FFS in the case when UPF/NW-TT acts as PTP GM, GM quality attributes (e.g. clockClass, offsetScaledLogVariance, and ClockAccuracy) already present in PTP Announce messages may be enough and the TSCTSF can avoid subscribing to UPF/NW-TT timing synchronization status.
The TSCTSF is not part of the PTP network the 5GS will enable. That is, it is not receiving the PTP announce messages from the UPF/NW-TT acting as GM. The TSCTSF can know the UPF/NW-TT GM clock quality attributes via UMIC and rewrite the attributes if needed while configuring the PTP instance. Therefore, these parameters within the UMIC cannot be considered a reflection of the current status of the 5GS clock at the UPF/NW-TT (i.e., the status of the transport network). They are used to configure the whole 5GS as a PTP instance for the outside world. Additionally, GM quality attributes present at UMIC are configured per PTP instance while the UPF/NW-TT timing synchronization status is at node level, thus, a degradation/improvement of the primary source consumed at the UPF/NW-TT will impact all the PTP instances the UPF/NW-TT has configured. 
For example, in solution #4, the reporting between UPF/NW-TT and TSCTSF considers three alternatives. Taking alternative 1 (extending UPF event exposure service operation) and 3 (extending UMIC), as both are focusing on node level exchanges, a similar subset of PTP GM quality attributes could be reported from UPF/NW-TT to the TSCTSF (e.g., clockClass, clockAccuracy, etc) that the ones that are already included in the UMIC, as the UPF be will most of the times synchronized to the 5G internal clock via underlying PTP compatible transport network. However, on top of these usual PTP parameters, additional status attributes that may be considered too (e.g., lock state to the primary source) to help understanding the synchronization status at the UPF/NW-TT. Relevant parameters are under discussion and may depend on the progress of the LS out to ITU-T.     
Considering the scope and use of the datasets present in the UMIC since Rel-17 (to read and configure a PTP instance), and the purpose of the UPF/NW-TT timing synchronization status report in this KI, both serve different purposes thus the subscription from the TSCTSF at the UPF/NW-TT cannot be avoided. Additionally, this open Editor’s note is not specific to this solution, it is general to all solutions for KI#1 that are considering UPF/NW-TT reporting. Therefore, it is proposed to remove the Editor’s note.
Proposal 4: Remove Editor’s note related to the need for the TSCTSF subscribed to UPF/NW-TT if it is acting as a PTP GM.

In clause 6.4.2.4: 
Editor's note: How the TSCTSF can create a single report based on RAN and UPF time synch status and what the report would contain is FFS.
As described at the end of subclause 1.2 (before proposal 2) a simplification of solution #4 is proposed where only the timing synchronization report from RAN (in case of ASTI service) or from UPF/NW-TT (in case of (g)PTP service, potentially including RTI uncertainty). Therefore, the TSCTSF does not need to create a single report based on multiple sources. The relevant parameters to include in the report are FFS and as mentioned proposal 3, the proposed way forward is to send a LS out to ITU-T to ask for relevant network timing synchronization status parameters. Therefore, it is proposed to remove the Editor’s note.
Proposal 5: Update solution #4 to clarify the operation how the TSCTSF can use the RAN and UPF/NW-TT timing synchronization status reports to expose the information to the AF depending on the time synchronization service the AF requested. Remove Editor’s note related to TSCTSF creating a single report based on RAN and UPF timing synchronization status.

1.4	Network timing synchronization status reporting to UE 
There are four Editor’s notes related to network timing synchronization status reporting to UE. 
In clause 6.4.2.4: 
Editor's note: The need for UE/DS-TT to know information on network element level is FFS.
For ASTI base time synchronization service case, the UE can receive RTI uncertainty via SIB9 or RRC signaling. The goal of considering additional attributes to forward to the UE from the RAN node is to assist the UE determining if the 5GS is the right time source or the UE should switch to another time source available at the device (if any). To make that decision, RTI uncertainty is not enough, the uncertainty provides an error indication, but it is not describing the synchronization status of the RAN node that will be needed to understand at the UE side if a degradation of the performance (i.e., uncertainty value increase) is due to a short-term issue, or a long-term issue. Additional attributes can complement RTI uncertainty to enable UTC traceability for ASTI service and monitoring of the GM quality the RAN node is providing to the UE via Uu interface. Additionally, for solutions covering ASTI case, a common point is that RAN timing synchronization status report is provided to the UE via SIB/RRC signaling. Then, it is proposed to agree the RAN node can provide RAN timing synchronization status to the UE via Uu interface (relevant attributes FFS as KI#1 progresses).     
For (g)PTP base time synchronization service case, when the 5GS is the GM of the PTP domain, either the UE/DS-TT is generating the PTP announce messages (so it is aware of the GM quality the PTP domain will have) or the UPF/NW-TT will generate the PTP announce messages (that will align in configuration with the rest of the PTP instance, the overall quality of the 5G clock). Since the UE/DS-TT is one port within the PTP instance the 5GS is representing to the outside world. The PTP instance information the UE is already receiving via PMIC and via PTP announce messages should be enough to describe the status of the network timing synchronization. Therefore, it is proposed to remove the reporting towards the UE for (g)PTP case in solution #4 and rely on already available Rel-17 functionality.

Proposal 6: Update solution #4 to differentiate network timing synchronization status reporting to the UE depending on ASTI or (g)PTP case. For ASTI, RAN node can provide RAN timing synchronization status to the UE via Uu interface (using SIB/RRC signaling). For (g)PTP, no additional information is needed (Rel-17 features are sufficient). Remove Editor’s note related to UE/DS-TT knowing information on network element level. 

In clause 6.4.2.4: 
Editor's note: Whether there is a need for additional information to be signalled to DS-TT in the case of (g)PTP based time distribution (and how the DS-TT should use it) or if the PTP information that can already be signalled to DS-TT is sufficient is FFS.
As mentioned for the previous Editor’s note, it is proposed to update solution #4 to remove the need for additional information to be signaled to DS-TT in the case of (g)PTP based time synchronization service. Then, it is proposed to remove the related Editor's note. 
Proposal 7: Remove Editor’s note related to the need for additional information to be signaled to DS-TT. The update to solution #4 will remove this case for (g)PTP. 

In clause 6.4.3.2: 
Editor's note: How the UE can determine that a new report is available is FFS.
This Editor’s note applies to ASTI based time synchronization service. In solutions #1 and #4, SIB/RRC signaling is assumed to deliver RAN timing synchronization status report to the UE. To differentiate the reports at SIB or RRC signaling, different approaches could be considered, such as providing an ID for the report or a timestamp indicating the time instant the event happened. The details how to achieve this should be left for RAN WGs to decide as it will impact RAN signaling encoding. 
Proposal 8: Remove Editor’s note related to how the UE determines that there is a new report and leave SIB/RRC signaling encoding details to RAN WGs. 
However, this discussion is coupled with the open issue for KI#1 regarding the method (SIB/RRC) to use to signal the RAN timing synchronization report towards the UE and what should be the expected UE behavior for each method. This not only impacts ASTI case, but it will also impact (g)PTP service operation. At SA2 level it could be discussed how to trade-off between status report reception at UE side guarantee versus UE connectivity status to the network. To do so, let us consider SIB and RRC signaling separately:
· If SIB is assumed for reporting RAN timing synchronization status, as long as the UE can read the system information will be able to get the report. Therefore, this method doesn’t require UEs in RRC IDLE/INACTIVE to reconnect with the gNB to stay updated. The benefit of this approach is that the reestablishment of the RRC connection is not needed so the network avoids triggering multiple UEs in the same cell to reconnect with the network because of a cell event that happened (i.e., the reception of a new RAN timing synchronization status report). 
However, SIB’s reception alone doesn’t guarantee that the UE reads the RAN timing synchronization status. For scenarios where the application and the application client at the UE side require to have the same understanding of the clock status. Additional impacts need to be considered in the specification to support this scenario for UEs in RRC_INACTIVE/IDLE:
· First the network needs to know this mode is required, that is, the AF should be able to request guaranteed/acknowledged reception of 5G network timing synchronization status report for a UE or a group of UE(s). For example, an additional flag can be added to the exposure APIs between AF and TSCTSF. Optionally the AF could indicate how urgent the acknowledgement needs to be done to influence how to react in the event the UE is not receiving the 5G RAN timing synchronization status report from the RAN.
· Second, enable the 5GS (either the gNB or the TSCTSF) to ensure the UE reads the 5G RAN timing synchronization status report. To do so, multiple options can be considered:
a) The RAN timing synchronization status report within the SIB can be reported for a long period (or always) within the cell. It will be up to the gNB to determine for how long (or if always) the RAN timing synchronization status report should be provided. To assist in the decision, the UE could indicate to the gNB the periodicity which it will read SIB9 before the UE releases or suspends the RRC connection. This indication from the UE can have two uses at the gNB: i) to enable the gNB determine the minimum period it should repeat the RAN timing synchronization status report to make sure the UE will read it, and ii) to let the gNB know that the UE requires this guaranteed reception of the report (i.e., as an alternative to the AF requesting guaranteed reception of 5G network timing synchronization status report).
b) The gNB or the TSCTSF may rely on the periodic control procedures the UE is performing with the network based on event triggers (e.g., time based, mobility based, or other event based) to expect for a confirmation from the UE of the reception of the RAN timing synchronization status report. For this confirmation, the UE could add a bit into the signaling message it will send to the network.
c) The gNB can page the UEs to indicate that the upcoming SIB9 will include a RAN timing synchronization status report. The UEs do not need to reconnect with the network if they are in RRC_IDLE/INACTIVE, the UEs will be required to read the subsequent SIB9 after the paging. 
d) The gNB or the TSCTSF may rely on paging the UEs. The paging message can include again the RAN timing synchronization status report broadcasted in the cell and when the UE reconnects to the network due to the paging, it could add a bit to confirm the reception of the report. Note this alternative requires the gNB or TSCTSF avoid multiple UEs trying to reconnect in a short period of time (i.e., controlling the access to the network to uncorrelated the reconnection to the new report event).
It is worth to note that even if this guaranteed RAN timing synchronization status report reception is not needed, there may be other scenarios where the UEs in RRC_IDLE/INACTIVE may require moving to RRC_CONNECTED status due to a new generated RAN timing synchronization status report. For example, for the TSCTSF to know the location of the UE after receiving RAN timing synchronization status reports (e.g., confirm which gNB is currently serving the UE) and reevaluate the Uu time synchronization error.  
· If RRC is assumed for reporting RAN timing synchronization status, the UE must be in RRC_CONNECTED to receive the report from the gNB. Thus, the guaranteed RAN timing synchronization status reception is provided as the RRC signaling is acknowledged. 
In solution #4 both delivery methods (i.e., SIB9 and RRC) are listed following the same delivery methods available for RTI. Specific parameters to be included in SIB/RRC signaling are FFS as KI#1 progresses. 
Proposal 9: The gNB can report RAN timing synchronization status report to the UE via SIB and/or RRC signaling.
Additionally, if guaranteed/acknowledged reception of 5G RAN timing synchronization status report is required for a UE, additional enablers need to be added to solution #4 to support it. The challenging scenario is when the gNB decides to use SIB9 to broadcast RAN timing synchronization status report and the UE is in RRC_INACTIVE/IDLE. To avoid RAN congestion, it is preferable to not initiate the UEs reconnection due to a common event in the cell, thus, options a), b), or c) listed above will be preferred. If this acknowledgement requirement is not immediate, the simplest option is to enable the gNB to keep repeating SIB9 including the report for a long period of time in the cell (option a). To enable optimizations to this approach (e.g., when the gNB needs to stop repeating a report), additional enablers can be considered like the AF requesting the guaranteed mode and how urgent the acknowledgement needs to be done, or UE providing how often it will read SIB9 once it switches to RRC_INACTIVE/IDLE, or the gNB indicating in the paging message that the upcoming SIB9 will have a RAN timing synchronization status report.  
Proposal 10: Include in solution #4 enablers to support the scenario where the RAN timing synchronization status report reception needs to be guaranteed/acknowledged at the UE side.

In clause 6.4.3.2: 
Editor's note: Need to inform the UE about UPF time synch issues and how a UE could make use of this information is FFS.
As mentioned previously, it is proposed to update solution #4 to remove the need for additional information to be signaled to DS-TT in the case of (g)PTP based time synchronization service. Then, it is proposed to remove the related Editor's note. 
Proposal 10: Remove Editor’s note related to informing the UE about UPF timing synchronization issues. The update to solution #4 will remove this case for (g)PTP.

2. Proposal
In line with the proposals made in the previous clause 1, it is proposed to agree the following changes to TR 23.700-25:
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[bookmark: _Toc104964463]6.4	Solution #4: 5GC learning and reporting network timing synchronization status
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This solution is proposed to solve Key Issue #1: 5GS network timing synchronization status and reporting.
In this key issue, the 5GS has a synchronization plane that synchronizes the 5G network functions (e.g. UPFs and RAN nodes) to a common time reference. The synchronization plane may have different sources of time/frequency like GNSS signal, Synchronous Ethernet (SyncE), PTP transport network, PPS input, etc. Thus, the following assumptions are considered for the synchronization plane:
-	NG-RAN is time synchronized with an external clock using transport network synchronization protocols or using a local GNSS receiver.
-	NG-RAN is frequency synchronized (i.e. synchronization) with an external clock using transport network syntonization methods or using a local GNSS receiver.
NOTE 1:	The syntonization aspect is included in the assumptions because it may have an important role when the primary time reference source is lost but still the base station has a frequency reference (e.g. SyncE), then the holdover period can be longer. This is taking for example the long interruption failure scenarios considered in ITU-T Recommendation G.8271.1 [15], Appendix V.
-	NG-RAN can detect network timing synchronization degradation/improvement or timing synchronization failures locally, e.g. based on information provided by the transport network time or frequency synchronization methods or based on information provided by the local GNSS receiver. The details of how NG-RAN detects timing synchronization degradation/improvement or timing synchronization failures are beyond the scope of 3GPP.
-	UPF/NW-TT is time synchronized with an external clock using transport network-based time synchronization protocols if UPF/NW-TT is involved in providing time information to UEs/DS-TTs.
-	UPF can detect network timing synchronization degradation/improvement or timing synchronization failures locally, e.g. based on information provided by the transport network time synchronization protocols. The details of how the UPF detects timing synchronization degradation/improvement or timing synchronization failures are beyond the scope of 3GPP.
This solution addresses the following scenarios:
-	5GS distributes time information to UEs using access stratum signalling.
-	5GS distributes time information to UEs using PTP or gPTP messages and the 5GS is acting as the grand-master.
NOTE 2:	How the performance of the 5G clock distribution across the 5GS impact the external (g)PTP clock scenario is out of scope.
From UE/DS-TT perspective, the 5GS time information received can be the primary time source the UE/DS-TT is consuming or can be a back-up time source alternative to a time source already present at the UE/DS-TT side. For both cases, this solution proposes enablers to allow the 5GC to retrieve 5GS network timing synchronization status from NG-RAN nodes and UPF/NW-TT (if needed) and report this information to subscribed UEs and AFs.
[bookmark: _Toc104964465]6.4.2	Functional Description
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The following principles are proposed to enable the 5GC to learn the network timing synchronization status at the NG-RAN and UPF/NW-TT:
-	The TSCTSF can retrieve and store timing synchronization status from NG-RAN and UPF/NW-TT.
-	The NG-RAN timing synchronization status and the UPF/NW-TT timing synchronization status provide information for different time synchronization processes the UE/DS-TT(s) may have configured. The TSCTSF checks the time synchronization distribution method the target UE(s) have configured and determines the network functions to subscribe:
-	The NG-RAN timing synchronization status informs the synchronization performance of the time distribution process the gNB and UE execute at Uu interface using access stratum signalling.
-	On top of the access stratum time distribution method, if the UE/DS-TT receives 5G clock via (g)PTP with the UPF/NW-TT acting as a PTP grandmaster, the (g)PTP Announce messages already include GM quality attributes to determine UPF/NW-TT timing synchronization status at the UE/DS-TT. informs the synchronization performance of the time distribution process between the UPF/NW-TT and the UE/DS-TT. When NW-TT/UPF performs timestamping operation of (g)PTP messages, if there are changes in the time synch status it needs to report the status to TSCTSF via UMIC.
Editor's note:	It is FFS in the case when UPF/NW-TT acts as PTP GM, GM quality attributes (e.g. clockClass, offsetScaledLogVariance, and ClockAccuracy) already present in PTP Announce messages may be enough and the TSCTSF can avoid subscribing to UPF/NW-TT timing synchronization status.
-	For TSCTSF subscription to NG-RAN timing synchronization status, three reporting alternatives via AMF are possible as follows:
-	Alternative 1 for NG-RAN Time Sync Status reporting: The TSCTSF is responsible for determining the impacted UE(s) based on their location and the NG-RAN timing synchronization status reports received from AMF.
-	Alternative 2 for NG-RAN Time Sync Status reporting: The AMF is responsible for determining the impacted UE(s) based on their location and the NG-RAN timing synchronization status reports received. Per impacted UE, the AMF forwards the notification to the TSCTSF subscribed to it.
-	Alternative 3 for NG-RAN Time Sync Status reporting: The NG-RAN is responsible for determining the impacted UE(s) and sending the NG-RAN timing synchronization status reports to the AMF. Per impacted UE, the AMF forwards the notification to the TSCTSF subscribed to it.
-	For TSCTSF subscription to UPF/NW-TT timing synchronization status, three reporting alternatives are possible as follows:
-	Alternative 1 for UPF/NW-TT Time Sync Status reporting: Using UPF event exposure service operation. The TSCTSF can be a new consumer of the service and node level signalling is used between UPF and TSCTSF.
-	Alternative 2 for UPF/NW-TT Time Sync Status reporting: Using N4 Node Level procedures between the UPF and the SMF to report the update from the UPF. The TSCTSF subscribes to this information at the SMF on a per UE level or node level (between UPF and SMF or between SMF and TSCTSF). If UE level signalling is preferred, the SMF is responsible for determining the impacted UE(s) and notify the TSCTSF per UE level basis using PDU Session information available.
-	Alternative 3 for UPF/NW-TT Time Sync Status reporting: Using UMIC to forward the status update from the UPF to the TSCTSF. Node level signalling is used between UPF and TSCTSF.
-	The TSCTSF can determine time source degradation/failure/recovery events using the event flags and/or comparing numeric attributes included within the network timing synchronization status update received from NG-RAN and UPF/NW-TT.
-	The TSCTSF can use the primary source quality attributes included within the NG-RAN and UPF/NW-TT timing synchronization status update to recalculate Uu time synchronization error budget for the time synchronization service offered to UE(s) to assist time synchronization enforcement (i.e. to notify the AF if the time synchronization error budget provided cannot be fulfilled, or to provide an updated Uu time synchronization error budget to the serving NG-RAN node).
[bookmark: _Toc104964467]6.4.2.2	Functional Description for network timing synchronization status information
Editor's note:	What type of information is needed and how it is used is FFS.
[bookmark: _Toc104964468]6.4.2.3	Functional Description for AF requested network timing synchronization status
The following capabilities are proposed for AF requesting network timing synchronization status:
-	The AF requests network timing synchronization status monitoring from the NEF or TSCTSF (if it is a trusted AF). Existing Time synchronization APIs (i.e. Ntsctsf_TimeSynchronization_Config and Ntsctsf_ASTI) are extended with Subscribe/Unsubscribe/Notify operations to enable the AF to perform this request for monitoring. The request may contain:
-	Targets of the monitoring and filtering information (e.g. UE IDs, spatial validity, DNN/S-NSSAI, or time synchronization service identifier (i.e. PTP instance reference for the (g)PTP service scenario or time synchronization configuration ID for the ASTI service scenario)).
-	The subscription events or information elements it wants to be notified.
-	Request for UE side reporting (i.e. the UE(s) that are targets of the monitoring receive also the network timing synchronization status report) and reporting criterion (e.g. as soon as new information is available, when the UE is reachable). If guaranteed/acknowledged reception of 5G RAN timing synchronization status report for a UE is required, the AF may include a flag to indicate the need for guaranteed/acknowledged reception and optionally a value of how urgent the acknowledgement is required.	Comment by Nokia: Additional functional description to support guaranteed/acknowledged reception of 5G RAN timing synchronization status report for a UE
-	AF Identification.
-	To determine the targets of the monitoring, AF request for network timing synchronization status provides the filter information. Four criteria to determine the targets of the network timing synchronization status exposure framework can be considered as summarized in Table 6.4.2.3 based on UE identities, known location, or connectivity.
Table 6.4.2.3: Criteria alternatives for network timing synchronization status exposure
	Criteria
	Spatial validity
	All UEs within the spatial validity
	All UEs connected to the DNN/S-NSSAI
	A UE or group of UEs

	Target of Monitoring Reporting
	an optional SUPI or any UE
	any UE

	any UE

	one or more SUPI(s) or Internal Group Identifier(s)

	Monitoring Filter information
	spatial validity;
	Spatial validity
	DNN;
S-NSSAI;
	



-	If AF's request includes geographical area filter(s), the AF can provide them in spatial validity format (e.g. a civic address or shapes), or area(s) of interest. If the AF provides spatial validity, the NEF maps the spatial validity to validity area(s) (based on pre-configuration). Later, the TSCTSF or PCF determines the area(s) of interest based on validity area(s). The TSCTSF or AMF subscriptions use area of interest that may be the same as spatial validity condition or may be a subset of the spatial validity condition (e.g. a list of TAs or list of Cells) based on the latest known UE location.
-	AMF or TSCTSF uses Location reports or UE presence in Area of Interest services at the AMF to identify the UE(s) to which the AF request with geographical area filter(s) applies, following the description of clause 6.4.2.1.
-	If AF's request includes DNN/S-NSSAI filters, service events related to PDU Sessions (e.g. establishment or release) can be used at the SMF or TSCTSF to identify the UE(s) to which the request applies.
-	Based on the network timing synchronization status reports the TSCTSF receives from NG-RAN and UPF/NW-TT (if applicable) nodes, the TSCTSF re-evaluates if the time synchronization service configured for the UE(s) impacted for which the AF has requested time synchronization service can be fulfilled:
-	If TSCTSF determines that the service requirements (time synchronization error budget) cannot be met:
-	For ASTI based time synchronization service, the TSCTSF updates access stratum time distribution indication to "disable" and forwards the attribute to the serving NG-RAN nodes for the impacted UEs via AMF (following Release-17 operation as described in clause 4.15.9.4 of TS 23.502 [3]).
-	For (g)PTP based time synchronization service, the TSCTSF temporarily removes the UE/DS-TT from the PTP instance and reconfigures the UPF/NW-TT accordingly (following Release-17 operation described in clause K.2.2 of TS 23.501 [2]). The TSCTSF may update the clockQuality information (via PMIC if DS-TT or via UMIC if NW-TT is configured to send Announce messages) for the PTP instance (see IEEE 1588 [8] clause 7.6.2).

NOTE 3:	ClockQuality information included in Announce message needs to be the same for all PTP ports of the same PTP instance. Therefore, TSCTSF needs to configure the same clockQuality information for all UEs that are part of the same instance PTP instance even if only some UEs are impacted. For example, if one UE that is part of a PTP instance is served by a RAN node that lost synchronization to a primary reference time source (e.g. GNSS) and enters holdover mode, then the clockClass attribute needs to be changed for all UEs that are part of that PTP instance. Instead of changing the clockClass of all related UEs, an alternative way is to mark the impacted UE PTP port disabled and other UEs of the PTP instance unchanged. This is up to implementation.
-	If TSCTSF determines that the service requirements can be met:
-	For ASTI based time synchronization service, the TSCTSF updates access stratum time distribution indication to "enable" and forwards the attribute to the serving NG-RAN nodes for the impacted UEs via AMF (following Release-17 operation as described in clause 4.15.9.4 of TS 23.502 [3]).
-	For (g)PTP based time synchronization service, the TSCTSF adds the UE/DS-TT to the PTP instance again (or changes the status of the impacted UE PTP port) and reconfigures the UPF/NW-TT accordingly (following Release-17 operation described in clause K.2.2 of TS 23.501 [2]).
-	The TSCTSF gathers the status from the network functions and generates the network timing synchronization status report to be forwarded to the subscribed AF(s). The TSCTSF does not expose the information related to the RAN or UPF/NW-TT identification in the report exposed to the AF. Thus, the report exposed to the AF only includes information related to the type of source reference used and its status within the 5GS. Depending on the time synchronization service the AF requested, the TSCTSF may use RAN report or UPF/NW-TT report as follows: 
-	For ASTI based time synchronization service, RAN timing synchronization status report is used to expose information to AF.
-	For (g)PTP based time synchronization service, UPF/NW-TT timing synchronization status report is used at the TSCTSF to expose information to AF (i.e., based on (g)PTP attributes) related to the (g)PTP service the UPF/NW-TT is providing to the targeted UE(s). Additionally, the TSCTSF can add the RTI uncertainty value the UE(s) are receiving if the RAN timing synchronization status report that is serving the UE is available at the TSCTSF and includes the parameter.

[bookmark: _Toc104964469]6.4.2.4	Functional Description for network timing synchronization status reporting to UE(s)
The following capabilities are proposed for UE(s) receiving network timing synchronization status:
-	Based on TSCTSF policies or the received AF's network timing synchronization status request as described in clause 6.4.2.3 and the time synchronization service the UE has configured, the TSCTSF is responsible for subscribing to network timing synchronization status as described in clause 6.4.2.1 (i.e. to the serving NG-RAN via AMF and if needed to the UPF/NW-TT via SMF or UPF directly).
-	The TSCTSF gathers the status from the network functions and generates the network timing synchronization status report to be forwarded to the UE/DS-TT(s). Depending on the time distribution method the UE has configured, the TSCTSF may need to: a) compound a report using the input received from the serving NG-RAN node and the UPF/NW-TT (i.e. keeping the information per network element separated within the report) or b) group the information coming from the NG-RAN node and UPF/NW-TT node into one report to indicate to the UE/DS-TT the performance of the gNB and the UPF/NW-TT related to the 5G clock. For case b), it is up to the TSCTSF to process the reports from NG-RAN and UPF/NW-TT to derive an unified report that describes 5GS network timing synchronization status.
Editor's note:	How the TSCTSF can create a single report based on RAN and UPF time synch status and what the report would contain is FFS.
Editor's note:	The need for UE/DS-TT to know information on network element level is FFS:
-	When access stratum time distribution method is configured for the UE, the TSCTSF could configure the NG-RAN node (via AMF) to generate and send the NG-RAN timing synchronization status report to the UE(s) via SIB9/RRC signalling. The report shall be made available to DS-TT by the UE.
-	When (g)PTP time distribution method is configured for the UE/DS-TT, the PTP attributes received via PTP announce messages are enough to describe the status of the UPF/NW-TT timing synchronization status.DS-TT is the receptor of the network timing synchronization status report. TSCTSF could provide network timing synchronization status reports to the DS-TT via the UE using NAS signalling to transport the report, e.g. extending Port Management Information Container (PMIC).
Editor's note:	Whether there is a need for additional information to be signalled to DS-TT in the case of (g)PTP based time distribution (and how the DS-TT should use it) or if the PTP information that can already be signalled to DS-TT is sufficient is FFS.
-	If the DS-TT is the last recipient of the network timing synchronization status reports (if only access stratum time distribution method is configured), it is up to the DS-TT implementation the determination of how the time source status update impacts the total degradation of the timing service the DS-TT is running.
-	If guaranteed/acknowledged reception of 5G RAN timing synchronization status report for a UE is required, the UE is in RRC_INACTIVE/IDLE, and the gNB decided to use SIB9 for broadcasting the report in the cell, the gNB may repeat the report within SIB9 for a long period of time in the cell to ensure the UE will read it. To determine for how long the gNB should repeat the report, the gNB may use additional information provided by the AF and forwarded via TSCTSF/AMF (i.e., the target UEs that require this guaranteed mode) or by the UE (e.g., UE indicating how often it will read SIB9 before changing to RRC_INACTIVE/IDLE). It is up to the gNB or TSCTSF to determine how the guaranteed/acknowledged reception of RAN timing synchronization status report for a UE is achieved (e.g., relying on upcoming control procedures the UE may perform with the gNB due to time/mobility/event-based triggers, gNB using the paging message to indicate to the UE that the upcoming SIB9 will include RAN timing synchronization status report for the UE to read it, RAN/CN-initiated paging, etc).
[bookmark: _Toc104964470]6.4.3	Procedures
[bookmark: _Toc54930330][bookmark: _Toc54968135][bookmark: _Toc57236457][bookmark: _Toc57236620][bookmark: _Toc57530261][bookmark: _Toc68087401][bookmark: _Toc104964471]6.4.3.1	Procedure for AF requested network timing synchronization status
An overall procedure for AF requested network timing synchronization status is illustrated in Figure 6.4.3.1-1. Note this procedure is focusing on NG-RAN network timing synchronization status reporting and uses ASTI based time synchronization service as an example how the report can be exposed to the AF. For (g)PTP based time synchronization service, the exposure API should be Nxxx_TimeSynchronization_ConfigSubscribe/Notify in steps 1, 2, 9, 10, 16, and 17.


Figure 6.4.3.1-1: Procedure for AF requested network timing synchronization status
1-2.	The AF sends network timing synchronization status request to the NEF or TSCTSF. The request may include targets of the monitoring and filtering information (as described in Table 6.4.2.3), the subscription events or information elements it wants to be notified, request for UE side reporting and reporting criterion, AF Identification.
	If the request is received at the NEF, it checks whether the AF is authorized to send the request and forwards the request to the TSCTSF.
	If spatial validity is included in AF's request, NEF maps the spatial validity to list of TA(s) or Cell(s).
3.	Based on the filters the request contains, the TSCTSF determines the target(s) UE(s) for the request.
4.	The TSCTSF determines the AMF(s) and the UPF/NW-TT nodes (if applicable) that needs to initiate network timing synchronization status subscription considering the time synchronization service the target UE(s) have configured in the 5GS.
	To determine the serving AMF(s), the TSCTSF can use different methods such as:
-	Method 1: NRF services (Nnrf_NFDiscovery, illustrated in Figure 6.4.3.1-1) or UDM UE Context Management services (Nudm_UECM_Get) to discover the AMF of the target TAI(s) or UE(s). This method enables the TSCTSF to directly interact with the AMF to retrieve NG-RAN Time Sync Status reports at UE or NG-RAN node level.
-	Method 2: AM policy procedures via PCF. The TSCTSF can discover the PCF for the UE using the BSF and interact with the AMF via PCF AM Policy services. This method only enables the TSCTSF to retrieve NG-RAN Time Sync Status reports at UE level.
	To determine the serving UPF/NW-TT(s) the TSCTSF can use the PTP instance information already configured for the (g)PTP service provided to the UE(s). That is, the TSCTSF can reuse the time synchronization capability exchange via UMIC with the UPF/NW-TT (e.g. attribute List of UEs associated with the User-Plane Node ID in Table 5.2.6.25.8-1 of TS 23.502 [3]).
5-7.	The TSCTSF request NG-RAN timing synchronization status (TSS) subscription to the AMF. First the TSCTSF may send the configuration of the TSS reporting to the NG_RAN via AMF using Namf_NonUeN2MsgTransfer. The AMF interacts with the NG-RAN to configure the reporting. Finally, the TSCTSF initiates the subscription to TSS reporting at the AMF. Two Three alternatives are possible (as described in clause 6.4.2.1):
-	Alternative 1 for NG-RAN Time Sync Status reporting (option illustrated in Figure 6.4.3.1-1): TSCTSF subscribes for receiving NG-RAN timing synchronization status at the AMF on a per RAN node level. The AMF forwards the received status report from the NG-RAN node to the TSCTSF. The TSCTSF is responsible for determining the impacted UE(s) based on their location.
-	Alternative 2 for NG-RAN Time Sync Status reporting: TSCTSF subscribes for receiving NG-RAN timing synchronization status at the AMF on a per UE level. The AMF is responsible for determining the impacted UE(s) based on the NG-RAN node level report received and UE(s) location. Per impacted UE, the AMF forwards the NG-RAN time synchronization status report to the TSCTSF subscribed to it.
-	Alternative 3 for NG-RAN Time Sync Status reporting: TSCTSF subscribes for receiving NG-RAN timing synchronization status at the AMF on a per UE level. The NG-RAN is responsible for determining the impacted UE(s) and sending the NG-RAN timing synchronization status reports to the AMF. Per impacted UE, the AMF forwards the notification to the TSCTSF subscribed to it.
	If (g)PTP time distribution is configured for a UE, the TSCTSF request UPF/NW-TT timing synchronization status subscription to the SMF (at UE level or node level) or directly at the UPF/NW-TT (node level), as described in clause 6.4.2.1.
8.	If AF's request contains a spatial validity filter and the TSCTSF subscribes to node level information at the AMF in step 4, the TSCTSF is responsible for determining if a serving NG-RAN timing synchronization status update received at node level signalling impacts the UE(s) matching AF's request condition. To support this, the TSCTSF subscribes to location services at the AMF (e.g. Namf_EventExposure service for events like Location Report (TAI, Cell ID) or UE moving in or out of a subscribed "Area Of Interest").
	If AF's request contains a spatial validity filter and (g)PTP time distribution is configured for a UE, the TSCTSF is responsible of determining the UE(s) matching AF's request condition based in their location and the serving UPF/NW-TT for the PTP instance.
9-10.	The TSCTSF responds the AF.
11.	The AMF subscribes to UE(s) location services reporting from NG-RAN node using Location reporting Request procedure.
12.	The NG-RAN node detects a primary source event (e.g. degradation, failure, recovery).
13.	The NG-RAN node notifies the AMF providing a NG-RAN timing synchronization status report. The report message may include, for example, the gNB node information, time status information, relevant UE information. The gNB node information indicates which 5G access stratum time distribution is impacted. The time status information might include the clock status in gNB node, and it can refer to the time service indication (disabled, enabled and holdover status). The relevant UE info represents those UE using the involved gNB access stratum time.
Editor's note:	The actual details of the parameters to be provided by NG-RAN and to AF are FFS.
14.	The AMF forwards the NG-RAN timing synchronization status report to the TSCTSF. If TSCTSF subscription is at NG-RAN node level (alternative 1 for NG-RAN Time Sync Status reporting, illustrated in Figure 6.4.3.1-1), the AMF can directly forward the report received from NG-RAN node. If TSCTSF subscription is at UE level (alternative 2 and 3 for NG-RAN Time Sync Status reporting), the AMF or RAN determines the UE(s) impacted by the status update received from NG-RAN before notifying the TSCTSF (e.g. based on UE locations or UE identities).
15.	The TSCTSF revaluates if the time synchronization service configured for the UE(s) impacted can still be fulfilled ( time synchronization error budget provided by AF). If the service requirements cannot be met, then the TSCTSF may temporarily deactivate time synchronization service for the impacted UE(s).
	For ASTI based time synchronization service, this implies the TSCTSF updates access stratum time distribution indication to "disable" and forwards the attribute to the serving NG-RAN nodes for the impacted UEs via AMF (following Release-17 operation as described in clause 4.15.9.4 of TS 23.502 [3]).
	For (g)PTP based time synchronization service (not illustrated in Figure 6.4.3.1-1), this implies the TSCTSF temporarily removes the UE/DS-TT from the PTP instance or marks the impacted DS-TT ports disabled and reconfigures the UPF/NW-TT accordingly (following Release-17 operation described in clause K.2.2 of TS 23.501 [2]).
16-17.	The TSCTSF stores the network timing synchronization status update received and notifies the subscribed AF via exposure framework. If the notification from gNB provides the time status information (e.g. disabled, enabled and holdover status, actual status information values is FFS), TSCTSF stores the time status information locally. If the notification from the gNB has triggered the (de)activation of time synchronization service for the impacted UE(s), the TSCTSF notifies the AF.
Figure 6.4.3.1-1 illustrates the NG-RAN timing synchronization status subscription example, if the TSCTSF requires UPF/NW-TT timing synchronization status (determined in step 3), a similar signalling exchange between UPF/NW-TT, SMF, and TSCTSF is required to subscribe to UPF/NW-TT updates (directly or via the SMF), as described in clause 6.4.2.1.
[bookmark: _Toc104964472]6.4.3.2	Procedure for UE provisioning network timing synchronization status
An overall procedure for UE provisioned network timing synchronization status is illustrated in Figure 6.4.3.2-1.


Figure 6.4.3.2-1: Procedure for UE provisioning network timing synchronization status
1.	The AF sends network timing synchronization status request to the NEF or TSCTSF. The subscription configuration of NG-RAN nodes and UPF/NW-TT (if applicable) is performed as described in clause 6.4.3.1.
2.	The NG-RAN node detects a primary source event (e.g. degradation, failure, recovery).
3.	The NG-RAN node notifies the AMF providing a NG-RAN timing synchronization status report. The TSCTSF may have already configured the NG-RAN node to provide updates to the UE directly via SIB9/RRC signalling, in that case, steps 5 and -6 7 can be skipped. Note, if SIB9 notification is supported, only a minimum subset of timing synchronization status information is included in SIB9 (e.g. a flag to indicate the UEs there is a network timing synchronization report available at the network (to trigger them to re-establish the connection with the 5GS if they are in idle state), or primary source type description and event attributes).	Comment by Nokia: SIB9 encoding up to RAN WGs.
Editor's note:	How the UE can determine that a new report is available is FFS.
	If guaranteed/acknowledged reception of 5G RAN timing synchronization status report for a UE is required and the gNB decides to send the report via SIB9 to the UEs, the gNB may use different methods to allow the UE to read the RAN timing synchronization status report as described in clause 6.4.2.4.
4.	The AMF forwards the NG-RAN timing synchronization status report to the TSCTSF. If TSCTSF subscription is at NG-RAN node level (alternative 1 for NG-RAN Time Sync Status reporting, illustrated in Figure 6.4.3.2-1), the AMF can directly forward the report received from NG-RAN node. If TSCTSF subscription is at UE level (alternative 2 and 3 for NG-RAN Time Sync Status reporting), the AMF or RAN determines the UE(s) impacted by the status update received from NG-RAN before notifying the TSCTSF (e.g. based on UE locations or UE identities).
5.	The TSCTSF determines the UE(s) to notify and the method to use to forward the network timing synchronization status notification.
	If UE/DS-TT is using (g)PTP time distribution and there is an available UPF/NW-TT timing synchronization status report, the TSCTSF may include this information when determining the content to send to the DS-TT.
	Similar to step 15 in clause 6.4.3.1, when the TSCTSF receives a status notification revaluates if the time synchronization service configured for the UE(s) impacted can still be fulfilled (time synchronization error budget). If the service requirements cannot be met, then the TSCTSF may temporarily deactivate time synchronization service for the impacted UE(s) following Release-17 operation.
Editor's note:	Need to inform the UE about UPF time synch issues and how a UE could make use of this information is FFS.
6.	The TSCTSF can initiate a network triggered procedure to forward the notification to the UE via AMF. When the AMF receives the notification, it will forward it to the NG-RAN node. Two alternatives are possible: send the report to the UE using RRC signalling or NAS signalling.
7a.	If RRC signalling is preferred, the AMF sends a N2 message to forward the UE's report from AMF to the NG-RAN node. The serving NG-RAN node forwards the network timing synchronization status to the UE using RRC signalling.
7b.	If NAS signalling is preferred, the AMF initiates DL NAS Transport procedure to forward the UE's report transparently via the NG-RAN node to the UE using NAS signalling.
Figure 6.4.3.2-1 illustrates the NG-RAN timing synchronization status notification example, for UPF/NW-TT timing synchronization status notification, a similar signalling exchange is required between UPF/NW-TT, SMF, and TSCTSF to retrieve the timing synchronization. For reporting UPF/NW-TT timing synchronization status report to the UE/DS-TT, the TSCTSF may use PMIC.
[bookmark: _Toc104964473]6.4.4	Impacts on services, entities and interfaces
UE:
-	Support receiving network RAN timing synchronization status information.
-	Support performing a registration request when RAN network timing synchronization status information changes while the UE is in CM-IDLE, if requested by TSCTSF or AMF.
-	If guaranteed/acknowledged reception of 5G RAN timing synchronization status report for a UE is supported, the UE may indicate how often it will read SIB9 to the gNB.
DS-TT:
-	Support receiving network timing synchronization status information.
NG-RAN:
-	Indicate NG-RAN network timing synchronization status to UEs via SIB9 or RRC signalling.
-	Report NG-RAN network timing synchronization status to AMF.
AMF:
-	Subscribe for network timing synchronization status reports from NG-RAN nodes.
-	Report NG-RAN timing synchronization status to the TSCTSF (at UE level or NG-RAN node level).
SMF:
-	If SMF is involved in UPF/NW-TT timing sync status reporting, subscribe for network timing synchronization status reports from UPF/NW-TT nodes.
-	Report UPF/NW-TT timing synchronization status to the TSCTSF (at UE level or UPF node level).
TSCTSF:
-	Receive network timing synchronization status information from NG-RAN (via AMF) and UPF/NW-TT (via SMF or directly).
-	Discover serving AMF for a UE.
-	Subscribe for receiving UE's location, UE's presence in Area of Interest, and reachability information from AMF.
-	Subscribe for receiving UE's PDU Session events from SMF.
-	Support for requesting UEs to perform a Registration request if the UE detects a change in RAN network timing synchronization status information and the UE is in CM-IDLE.
-	Inform AFs about network timing synchronization status and time synchronization service status for the impacted UE(s).
-	Initiate network-triggered procedures to reach the UE if is in CM-IDLE.
-	Inform UE/DS-TT(s) about network RAN timing synchronization status using PMIC, or other NAS signalling, or configuration of NG-RAN node to notify the UE via RRC/SIB.
UPF:
-	Report transport network timing synchronization status to TSCTSF (directly or via SMF).
AF:
-	Request for network timing synchronization status.
-	Support receiving network timing synchronization status information.




>>>> End of Changes <<<<
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!@@@Chart-generator later than 5.0����ÿv�#This is the default signalling chart.
#Edit and press F2 to see the result.
#You can change the default chart
#with the leftmost button on the Preferences pane of the ribbon.
ran [label="NG-RAN"],
amf [label="AMF"],  
tsctsf [label="TSCTSF"],
nrf [label="NRF"],
nef [label="NEF"],
af [label="AF"];
  
#text.wrap=yes;
#hscale=0.7;
text.size.normal=12;
vspace 10;
hspace af 35; 
numbering = yes; 
af->nef: Nnef_ASTISubscribe Request;
nef->tsctsf: Ntsctsf_ASTISubscribe Request;
box tsctsf -- tsctsf: Determine the target UEs for AF's 
                   request (e.g., based on UE IDs, AoI, 
                   DNN/S-NSSAI);

box nrf -- tsctsf: TSCSTF determines the network 
                      elements (i.e., AMF or 
                      UPF/NW-TT) to contact [text.ident=center]{
nrf<->tsctsf: Nnrf_NFDiscovery_Request [number=no];
};
tsctsf->amf: Namf_NonUeN2MsgTransfer
             (AoI(s), NG-RAN TSS reporting request type);
amf->ran: N2 message;
tsctsf->amf: Namf_NonUeN2InfoSubscribe;

box tsctsf -- amf: If AoI filtering and NG-RAN node 
                   level subscription is preferred 
                   at the AMF, TSCTSF subscribes to 
                   AMF location services and AMF 
                   provides current known  
                   UE(s) location [line.type=dashed];

nef<-tsctsf: Ntsctsf_ASTISubscribe Response;
af<-nef: Nnef_ASTISubscribe Response;

box amf -- ran: AMF subscribes 
                to UE location reporting;

...;
box ran -- ran: Primary source
                event;
ran->amf: N2 message;
amf->tsctsf: Namf_NonUeN2InfoNotify;
box tsctsf -- tsctsf: TSCTSF revaluates if the time 
                      synchronization service offered 
                      to the UE can be still satisfied 
                      (e.g., in terms of Uu time 
                      synchronization error budget);
nef<-tsctsf: Ntsctsf_ASTINotify;
af<-nef: Nnef_ASTINotify;

����������������
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UE/DS-TT NG-RAN AMF TSCTSF NEF AF

1: AF request for network timing sycnhronization

status is already configured as shown in clause 6.4.3.1

2: Primary source

event

3: NGAP: TSS Report

4: Namf_NonUeN2InfoNotify

5: TSCTSF decides to

notify the UE the

primary source event

6: Namf_Communication_N1N2MessageTransfer

N2 message

RRC signaling

7a. Option a) The AMF configures the NG-RAN to send

notifications to the UE directly via SIB9 or RRC signaling

N2 message

DL NAS Transport

7b. Option b) The AMF uses NAS signaling to send

notifications to the UE

Depending on UE's CM and RRC state, the TSCTSF may initiate a network triggered

procedure to reach the UE and include a report or notification to forward to the UE
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!@@@Chart-generator later than 5.0����ÿd�#This is the default signalling chart.
#Edit and press F2 to see the result.
#You can change the default chart
#with the leftmost button on the Preferences pane of the ribbon.
ue [label="UE/DS-TT"],
ran [label="NG-RAN"],
amf [label="AMF"],  
tsctsf [label="TSCTSF"],
nef [label="NEF"],
af [label="AF"];
  
#text.wrap=yes;
#hscale=0.7;
text.size.normal=12;
vspace 10;
hspace af 35; 
numbering = yes; 
box af -- ran:  AF request for network timing sycnhronization
                status is already configured as shown in clause 6.4.3.1;
...;
box ran -- ran: Primary source
                event;
ran->amf: NGAP: TSS Report;
amf->tsctsf: Namf_NonUeN2InfoNotify;
box tsctsf -- tsctsf: TSCTSF decides to 
                      notify the UE the 
                      primary source event;
box ue -- tsctsf: Depending on UE's CM and RRC state, the TSCTSF may initiate a network triggered 
                  procedure to reach the UE and include a report or notification to forward to the UE [number=no]
{
tsctsf->amf: Namf_Communication_N1N2MessageTransfer [text.ident=left];

box ue -- tsctsf: 7a. Option a) The AMF configures the NG-RAN to send 
                   notifications to the UE directly via SIB9 or RRC signaling [number=no, line.type=dashed]{
amf->ran: N2 message [number=no, text.ident=left];
    ran->ue: RRC signaling [number=no, text.ident=left];
};
    
box ue -- tsctsf: 7b. Option b) The AMF uses NAS signaling to send 
                   notifications to the UE [number=no, line.type=dashed]{
amf->ran: N2 message [number=no, text.ident=left];
    ran->ue: DL NAS Transport [number=no, text.ident=left];
};
        
};
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