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[bookmark: _Hlk526665839]Abstract of the contribution: This paper proposes updates to address the open ENs for key issue #1 “5GS network timing synchronization status and reporting” conclusions to the TR 23.700-25.
Discussion
1.1	Overview
The following sections discuss the open Editor’s notes in the KI#1 conclusions.
1.2	Network time synchronization status report
Editor’s note: What the RAN and UPF timing synchronization status consists of is FFS.
The network time synchronization status report should provide a high-level view of the time synchronization status at the RAN or UPF nodes. In order to represent the synchronization status of a node, the primary source the network element is described together with additional node attributes. Since there may be different technologies for the synchronization plane (e.g., GNSS, PTP, etc), the following parameters are covering different deployment alternatives:
1) Node’s synchronization state: Indicates the state of the node synchronization, represented by the values:
- Locked: clock is in the locked mode, as defined in ITU-T G.810.
- Holdover: clock is in the holdover mode, as defined in ITU-T G.810.
- Freerun: clock isn't locked to an input reference, and is not in the holdover mode, as defined in ITU-T G.810.
2) Node’s synchronization performance: Describes the accuracy the node can have based on its implementation. This description is independent of the primary source. It may contain the following fields:
- Physical layer frequency availability: yes/no.
- Clock stability: Estimate of the variation of the local clock when it is not synchronized to another source.
- Holdover specification: Description of the bounds of the maximum excursions in the output timing signal compared to the applicable primary reference source. For example, this description can be based on different alternatives:
- Time interval and time error (as a function of the time interval).
- Holdover period and total time error allocated to the gNB in the budget for the failure scenario.
3) Node’s primary source description: Describes the primary source the node is currently using. It may contain the following fields: 
- Source type: SyncE, PTP, GNSS, atomic clock, terrestrial radio, serial time code, NTP, hand set, other.
- Source identity: To identify the GM (when applicable), values per type of source:
- SyncE: local-port-number.
- PTP: grandmasterClockIdentity.
- GNSS: Satellite constellation (e.g., GPS, GLONASS, GALILEO, BEIDOU).
- Other source type: any ID, if any.
- Quality: Clock source quality description, values per type of source:
- SyncE: SSM clock quality-level.
- PTP: clockClass, ClockAccuracy, offsetScaledLogvariance.
- GNSS: satellites-tracked, gnss-rx-time-error.
- Other source type: any quantitative description, if any.
- Lock state: Indicates the status of the primary source, values per type of source:
- GNSS: synchronized, acquiring-sync, antenna-disconnected, initializing, antenna-short-circuit.
- Rest of sources (e.g., PTP, SyncE): Parent, OK, NOK, Disabled.
Note: 	The lock state values indicate: Parent: the signal from this source is currently used as a synchronization reference; OK: Indicates that the signal from this source can be potentially used as a synchronization reference; NOK: Indicates that the signal from this source cannot be used as a synchronization reference; Disabled: Indicates that source connection is not available.
4) Primary source event: The list of events may contain:
- Primary source switch: Change of primary source due to a failure. If this flag is active, the primary source information should be updated in the generated report.
- Primary source degradation: If this flag is active, the quality of the primary source or performance attributes should be updated in the generated report.
- Primary source recovery: If this flag is active, the preferred primary source that was in disabled or in NOK state is available again (OK state).

Proposal 1: To include in KI#1 conclusions a list of the node’s time synchronization status attributes (e.g., synchronization state, synchronization performance, primary source description, primary source event) and remove the open EN.

Editor’s note: How to support additional methods (NGAP, control plane signalling, etc.) to obtain timing synchronization status from NG-RAN requires RAN feedback.
This EN is waiting the input from RAN3 on additional methods to obtain RAN time synchronization status from NG-RAN via control plane signalling. 
Proposal 2: To wait for RAN3 response to SA2 LS to address this EN.

Editor’s note: Whether alternatively NG-RAN can be responsible for determining the impacted UE(s) and sending the NG-RAN timing synchronization status reports to the AMF via NG-AP signalling, together with the impacted UE(s) is FFS.
To be able to support this functionality, the gNB could provide the RAN UE NGAP ID to the AMF via NGAP signalling and the AMF will need to translate the RAN UE NGAP ID to a UE's identifier the TSCTSF can understand (i.e., SUPI). However, this option will only work for UEs that are in RRC_CONNECTED. For UEs in RRC_INACTIVE, even if they have still a valid RAN UE NGAP ID, the UE may be camping in another cell controlled by a different gNB within the same RNA. Thus, the RAN time synchronizations status would not apply. For UEs in RRC_IDLE, there is no stored context in the gNB, so this alternative would not work. Since this alternative cannot cover UEs in RRC_INACTIVE or RRC_IDLE state, it is not clear the benefit it provides on top of using NGAP location services already present in the specification.
Proposal 3: To remove the alternative method where the NG-RAN can be responsible for determining the impacted UE(s).

1.3	Informing the UE or AF about time synchronization status
Editor’s note: Whether the UE performs a Registration also in Inactive is FFS.
The open EN discuss if UEs in RRC_INACTIVE should perform a Registration procedure instead of a UE Triggered Connection Resume to move to RRC_CONNECTED to receive the RAN time synchronization status report. Beyond aligning KI#2 and KI#1 conclusions on how the NAS or AS signalling layers are triggered to initiate a UE procedure with the network. It is not clear the benefit for a UE in RRC_INACTIVE to initiate a Registration procedure instead of a RRC Resume procedure in order to receive the last RAN time synchronization status report available at the gNB. At the end, the RAN time synchronization status report is sent via RRC signalling (for all solutions in Annex A.1 except alternative 4), therefore, a RRC Resume procedure is enough for the UE to move to RRC_CONNECTED, retrieve the RAN time synchronization report via dedicated RRC signalling, and go back to RRC_INACTIVE.
Proposal 4: To remove the EN regarding whether the UE performs a registration in Inactive to receive the last available RAN time synchronization status report.

Editor’s note: The details of which existing/new SIB information the UE uses to determine that the RAN timing synchronization status has changed is FFS and will be coordinated with RAN WGs.
A LS from SA2 has been sent out to RAN2 and SA3 to receive feedback regarding the alternatives listed in Annex A.
Proposal 5: To wait for RAN2 and SA3 response to SA2 LS to address this EN.

Editor’s note: How to provide RAN timing synchronization status information to the UE is FFS and will be coordinated with RAN WGs. Details of which RAN timing synchronization status information to provide to the UE will be determined based on feedback from ITU-T.
As for the previous EN, how to provide the RAN time synchronization status report can wait for RAN WGs feedback to progress. Regarding the attributes that can be provided to the UE, during SA#153E a draft LS response from ITU-T was shared and discussed. Note that most of the reply focused on the PTP deployment case as an example. PTP announce messages are a good example of parameters set that allow a node to determine the quality of a grandmaster. A similar approach can be followed by the 3GPP to assist the UE deciding if the 5G clock is the best time source to use or another available source is preferred. To do so, the following parameters can be provided to the UE (via SIB9 or dedicated RRC signalling is FFS) in a RAN time synchronization status report:
-	Lock state: Indicates the state of the NG-RAN node synchronization, represented by the values: 
-	Locked: clock is in the locked mode, as defined in ITU-T G.810.
-		Holdover: clock is in the holdover mode, as defined in ITU-T G.810.
-		Freerun: clock isn't locked to an input reference, and is not in the holdover mode, as defined in ITU-T G.810.
-	Parent Time Source: This parameter indicates the immediate source of time used by the NG-RAN the status report refers to. This parameter can contain the values: atomic clock, GNSS, terrestrial radio, serial time code, PTP, NTP, hand set, internal oscillator, other. 
-	Clock class: Similar to PTP specifications, this integer denotes the traceability, synchronization state and expected performance of the time or frequency distributed by the NG-RAN node. Example of clock class values are summarized in Table 1. “Locked with" means the node is directly synchronized to that source. Holdover specification shall be common to the cell and understood (based on previous notifications or signaling between the UE and the 5GS) by all UEs in the cell.
-	Clock stability: Estimate of the variation of the local clock when it is not synchronized to another source. Similar to PTP offsetScaledLogVariance attribute.
-	Clock identifier: Identity of the grandmaster used at the NG-RAN.
-	For PTP source type: grandmasterClockIdentity
-	For GNSS source type: Satellite constellation (e.g., GPS, GLONASS, GALILEO, BEIDOU).
-	Physical layer frequency availability: If the gNB is in holdover mode, this parameter can further describe if the gNB relies on the performance of a local oscillator or if the gNB it has a physical layer frequency input available still. Example of values: PHY freq input available, PHY freq input not available.
-	Holdover specification: Description of the bounds of the maximum excursions in the output timing signal compared to the applicable primary reference source. For example, this description can be based on different alternatives:
- 	Time interval and time error (as a function of the time interval)
-	Holdover period and total time error allocated to the gNB in the budget for the failure scenario
Note clock accuracy is not listed as it is considered that RTI uncertainty field could provide an indication of the accuracy. Otherwise clock accuracy can be another parameter to include in the report.
Table 1 NG-RAN node clock class description.
	Clock class
	Clock status

	1
	Node locked with Primary Reference Clock (PRC)

	2
	Node synchronized to an application-specific source of time (local clock)

	3
	Node in holdover mode after losing PRC but still within the designated holdover specification

	4
	Node in holdover mode after losing local clock but still within the designated holdover specification

	5
	Node in holdover mode and is not within the designated holdover specification (clock drifted more than tolerable)



Proposal 6: SA2 to discuss the proposed parameters set to describe the RAN time synchronization status to the UEs. Update KI#1 conclusions providing a list of examples of parameters. 

Editor’s note: Which information to provide to AF is FFS.
KI#1 is enabling the TSCTSF to gather status information of the RAN and UPF/NW-TT (if any) involved in 5G time synchronization service distribution and reevaluate if the error budget for the time synchronization service requested for the UE(s) can be still satisfied or not. In addition to reconfigure the time synchronization service based on the received reports and the time synchronization error budget requirement, for the cases the AF originally requested the service, the TSCTSF should notify the AF the service status update. Considering the Rel-17 APIs for time synchronization service, there is no way for the TSCTSF to notify the AF the status of the service while the service is running beyond the update of the PTP ports for PTP-based time synchronization service. However, there may be cases where the AF being aware of the time synchronization status can benefit the reconfiguration of the primary time source the application may rely on (e.g., to switch to an alternative source or rely on holdover capabilities the device may have), or for log purposes. For example, for the financial use case, NPLTime was a service used as a reference for timing resiliency in SA1 study phase. NPLTime provides an SLA to the customer and they also rely on a management platform to monitor the status of the time chain up to the point of entry to the customer network (the traceability that they offer is based on monitoring and maintenance of time distribution chain 24/7). For ASTI case (where the AF do not have PTP messages announcing status in the whole PTP network), the UEs cannot be the only receptor of time synchronization status if the 5GS should enable a minimum network-view monitoring system somehow similar to what NPLTime offers. Thus, the AF should be able to be notified regarding time synchronization service status information too. 
Different possibilities can be considered regarding which information the TSCTSF could report to the AF such as:
-	For AFs that requested ASTI service, the TSCTSF exposes part of the RAN time synchronization status report (i.e., the same report the UE will receive). 
-	For AFs that requested PTP service, the TSCTSF exposes part of the UPF/NW-TT time synchronization status report (i.e., attributes that do not suppose a security risk and are comparable to the ones present in a PTP announce message).  

Together with this service update proposal, the TSCTSF could optionally provide the time synchronization error budget it derived to make the decision. The provisioning of this status update should be requested by the AF if interested. To enable it, existing Release-17 time synchronization APIs can be extended (i.e., Ntsctsf_TimeSynchronization_Config and Ntsctsf_ASTI) with Subscribe/Unsubscribe/Notify operations.
Proposal 8: Update KI#1 conclusions for TSCTSF to provide time synchronization status notification to the AF (i.e., a modified version of the received RAN or UPF/NW-TT time synchronization status report without sensible information) and optionally the derived time synchronization error budget derived to make the decision based on AF request for subscription to notifications.

1.4	Determining the UEs interested in RAN time synchronization status at the gNB 
Editor’s note: Whether both UE and AF need to be informed about time synchronization status details simultaneously, and in which cases only UE or only AF may receive it is FFS.
Orthogonal to the details related to the parameters that could be reported to the UE, an open question is if the core (i.e., AMF or TSCTSF) should control or not the gNB operation for RAN time synchronization status reporting to the UEs. Two options can be considered:
· Option 1: The gNB can decide by its own if RAN time synchronization status reporting is needed for the UE(s). 
· Option 2: The gNB relies on the core (i.e., AMF or TSCTSF) indicating the UE(s) that should be notified about RAN timing synchronization status reporting. 
Option 1 can be already supported in the specification and relies on a single decision point in the network to determine if RAN time synchronization status is required to be reported to UE side or not. In this option, the start/stop triggers for RAN time synchronization status report to a UE may rely on the UE consuming ASTI service with/without a known Uu time synchronization error budget configured for the service.
Option 2 instead depends on the CN (i.e., AMF or TSCTSF) controlling whether the UE(s) should be notified or not. The core may learn the list of UE(s) based on: i) AF can provide the list of the UEs to be notified of the RAN time synchronization status reporting while requesting time synchronization as a service, or ii) UE’s subscription regarding timing synchronization, if all UEs consuming ASTI should be notified with RAN time synchronization status updates (link with KI#3). Both AMF and TSCTSF are considered for Option 2 because of the new scenarios that KI#3 can introduce for ASTI service setup where the TSCTSF may or may not be aware of the ASTI service is running for the UE(s). Taking a UE for example, either there is a time synchronization service configuration for ASTI based on an AF request (and the TSCTSF is aware of it) or ASTI activation based on the UE’s subscription (and the TSCTSF may not be aware of it as it doesn’t have a trigger to retrieve "Access Stratum Time Synchronization Service Authorization" from the UDM when the UE does the registration with the network). Both cases are exclusive, then when the TSCTSF is not controlling ASTI method for a UE, it is up to the AMF to configure the gNB for ASTI. Thus, Option 2 needs to support two decision points to command the gNB regarding the RAN time synchronization status reporting. 
With the proper description of triggers for the gNB to start/stop the RAN time synchronization status reporting to the UE(s), Option 1 is the simplest solution and can be already supported based on release 17 operation. However, Option 1 depends how RAN time synchronization reports are offered as a service to the UEs (no matter the RRC state) in release 18. If it is a service that may be open for all the UEs consuming ASTI, then Option 1 is aligned with this approach. Otherwise, if the service should only be available for UEs that are subscribed specifically to timing resiliency notification service, an additional control should be enabled as Option 2 describes. Additionally, the preference for Option 1 or 2 should be aligned on how SIB9 is considered as one of the methods to report RAN time synchronization status in Annex A.1, as there may be cells where even if the core has indicated that a subset of UEs don’t need the report, they may be able to read it in the broadcasted SIB9 if the information is sent open.
Proposal 7: Update KI#1 conclusions to clarify the determination of the list UEs interested in RAN time synchronization status requires the gNB to be notified by AMF or TSCSTSF (e.g., based on AF request or UE subscription) to control the access to the service information. 

1.5	Informing the AF about status of time synchronization service request

Editor’s note: It is FFS whether AF can also decide to deactivate/reactivate/update time sychronization services based on RAN or UPF timing synchronization status degradation or improvement.
One open question is whether the AF can also decide to deactivate/reactivate/update time synchronization services based on the status updates received from the TSCTSF. If the AF was the original requested for the time synchronization as a service, it should be able to influence the TSCTSF regarding the configuration of time synchronization service (i.e., baseline operation introduced in release 17). However, the TSCTSF should always have decision whether to accept or reject the AF’s request. For example, there may be cases where the 5GS is the last available time source available and despite having a time synchronization error budget requirement exceeded for a service, the AF prefers keeping a drifting time source available for the devices for a period of time while another patch is available. Then, if the TSCTSF decided to disable the service for the UEs based on the original requested time synchronization error budget, the AF is allowed to request a modification of the time synchronization service to the 5GS to remove the error budget requirement, then the TSCTSF will evaluate if the service is feasible or not. 
Proposal 9: Remove EN from KI#1 conclusions, the AF can request to modify time synchronization service and influence TSCTSF decision, but TSCTSF should have the last decision whether to accept/reject AF’s request.

Proposal
It is proposed to add the following solution to TR 23.700-25.

*** Start of changes ***
[bookmark: _Toc104964574]8	Conclusions
8.X	Conclusion for KI #1: 5GS network timing synchronization status and reporting
The following bullet points summarize the principles for the way forward:
-	Detecting and reporting RAN and UPF timing synchronization status to TSCTSF
Editor’s note: What the RAN and UPF timing synchronization status consists of is FFS. 
-	NG-RAN and UPF/NW-TT can detect timing synchronization degradation/failure/improvement locally.
NOTE:	The detection is performed based on information provided by time synchronization protocols used in the transport network for both RAN and UPF, or, in the case of NG-RAN, using information provided by a local GNSS receiver. However, in any case, the details on how exactly NG-RAN/UPF detects timing synchronization degradation/failure/improvement locally are beyond the scope of 3GPP.
-	TSCTSF may receive network timing synchronization status information of RAN and UPF/NW-TT directly from OAM.
-	Alternatively, TSCTSF may receive network timing synchronization status information of RAN and UPF/NW-TT using control plane signaling at node level. For UPF/NW-TT case the TSCTSF may use UMIC. For NG-RAN case the TSCTSF may obtain NG-RAN information via the AMF (i.e. AMF uses NGAP signaling to configure the NG-RAN reporting). 
[bookmark: _Hlk119392426]-	The network timing synchronization status information from RAN or UPF/NW-TT can contain the following parameters: node’s synchronization state, node’s synchronization performance, primary source description, and primary source event.
Editor’s note: How to support additional methods (NGAP, control plane signalling, etc.) to obtain timing synchronization status from NG-RAN requires RAN feedback.
-	UE determining that the RAN timing synchronization status changed using:
-	SIB broadcast information to enable UEs in RRC_IDLE and RRC_INACTIVE and in case of RRC_CONNECTED UEs, dedicated RRC signaling, to enable UEs to determine that:
-	the timing synchronization status of the cell that the UE is camping on has changed;
-	the timing synchronization status of the new cell the UE is camping on after cell reselection is different compared to the timing synchronization status of the cell that the UE was previously camping on.
-	If the UE has determined that the RAN timing synchronization status has changed and the UE has been requested by the TSCTSF to connect to the network in case the RAN timing synchronization status changes, the UE performs a registration (if the UE is in RRC_IDLE) or the UE Triggered Connection Resume in RRC Inactive procedure (if the UE is in RRC_INACTIVE).
 
Editor’s note: Whether the UE performs a Registration also in Inactive is FFS.
Editor’s note: The details of which existing/new SIB information the UE uses to determine that the RAN timing synchronization status has changed is FFS and will be coordinated with RAN WGs.
Editor’s note: How to provide RAN timing synchronization status information to the UE is FFS and will be coordinated with RAN WGs. Details of which RAN timing synchronization status information to provide to the UE will be determined based on feedback from ITU-T.
-	Determining UEs impacted by RAN timing synchronization status degradation/improvement:
-	TSCTSF subscribes to receive location information (RAN node granularity) from AMF for UEs that AF requested time synchronization for or which are configured for (g)PTP-based time synchronization based on subscription.
-	When activating time synchronization for a UE, TSCTSF requests the UE to connect to the network via AMF (i.e., to perform a registration if the UE is in RRC_IDLE or the UE Triggered Connection Resume in RRC Inactive (if the UE is in RRC_INACTIVE) in case when  the UE later detects that the RAN timing synchronization status has changed while the UE is in RRC_IDLE or RRC_INACTIVE.
-	TSCTSF correlates information about impacted RAN nodes and the UE location information received from AMF to determine the UEs impacted by RAN timing status degradation/failure/improvement.
Editor's note: Whether alternatively NG-RAN can be responsible for determining the impacted UE(s) and sending the NG-RAN timing synchronization status reports to the AMF via NG-AP signalling, together with the impacted UE(s) is FFS.
-	Determining UEs impacted by UPF timing synchronization status degradation or improvement (only for the case when UPF/NW-TT is involved in providing time information to DS-TT):
-	TSCTSF determines the UEs for which an impacted UPF/NW-TT is configured to send (g)PTP messages.
-	Informing AFs about network timing synchronization status degradation or improvement:
-	If TSCTSF has determined UEs impacted by RAN or UPF timing synchronization status degradation or improvement or failure then TSCTSF informs the AF about the timing synchronization status for those UEs if the AF was the requester of the time synchronization service.
-	The AF may subscribe to time synchronization service status for a UE (or group of UEs) for which the AF requests or has requested time synchronization service (for ASTI or (g)PTP services).
-	For the subscribed AFs the TSCTSF provides time synchronization service status. 
[bookmark: _Hlk119392273]The TSCTSF may perform the following:
-	For AFs that requested ASTI service, the TSCTSF may indicate whether it can support the ASTI service or not as per the requested criteria.
-	For AFs that requested PTP service, the TSCTSF may indicate whether it can support the PTP service or not as per the requested criteria.
-	For AFs that subscribe for ASTI/PTP service status update (i.e. change in support status), the TSCTSF may provide notification towards the AF when there is a change in support status.
Editor’s note: Which information to provide to AF is FFS.
Editor’s note: Whether both UE and AF need to be informed about time synchronization status details simultaneously, and in which cases only UE or only AF may receive it is FFS.
[bookmark: _Hlk112144365]-	Deactivating/reactivating/updating time sychronization services based on RAN/UPF timing synchronization status changes:
-	PTP case: For UEs that are part of a PTP instance and which are impacted by RAN or UPF time synchronization status degradation or improvement:
-	If TSCTSF determines that the Time synchronization error budget provided by AF can still be met, then TSCTSF may update the clockQuality information sent in Announce messages (see IEEE 1588 [8] clause 7.6.2) for the PTP instance using existing procedures and existing PMIC/UMIC information. The handling of Announce messages follows existing procedures as described in TS 23.501 [2].
-	If TSCTSF determines that the Time synchronization error budget provided by AF cannot be met (see above) then TSCTSF temporarily removes the UE/DS-TT from the PTP instance using existing procedures in clause K.2.2.1 and clause K.2.2.4 of TS 23.501 [2]).
-	If TSCTSF determines that the Time synchronization error budget provided by AF can be met again then TSCTSF adds the DS-TT PTP port to the PTP instance again and also re-activates the Grandmaster functionality.
-	ASTI case: TSCTSF updates the access stratum time distribution indication to "enable" or "disable" and forwards the attribute to the serving NG-RAN nodes for the impacted UEs via AMF depending on whether the Time synchronization error budget can or cannot be met (following Rel-17 operations as described in clause 4.15.9.4 of TS 23.502 [3]).
[bookmark: _Hlk112139845]Editor’s note: It is FFS whether AF can also decide to deactivate/reactivate/update time sychronization services based on RAN or UPF timing synchronization status degradation or improvement.

*** End of changes ***
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