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1.	Discussion
The folowing sections discuss the open Editor’s notes under consideration in the KI#1 conclusions.
1.1	Network timing synchronization status reporting to TSCTSF
In S2-2205514r04 the default method to obtain network time sycnhronizarion status from the RAN/UPF at the TSCTSF was directly using OAM. It is still open if an additional method based on control plane (between the RAN node or the UPF/NW-TT and the TSCTSF) should be also concluded in Rel-18, as the following open EN indicates:
Editor's note: Additional methods (NGAP) to obtain information about NG-RAN are FFS. Whether UMIC can be used to get information about UPF/NW-TT time synch status is FFS.
The use of OAM provides the network-wide view the time synchronization status operation requires. However, there are a few points where the performance of this option may hinder its applicability in 5G deployments, such as:
· This method provides minimum interoperability between vendors.
· The use of OAM may be slower to achieve real-time reports from the RAN/UPF nodes if there are big notification time windows configured. Additionally, the final target for this timing synchronizations status reporting is the UE, that fits better the control plane signaling principles, compared to OAM nodal reporting.
· For UPF reporting case, the UPF/NW-TT detects there is an issue but it is not clear how the logical PTP instances configured at that UPF are understood at OAM level. That is, how to realize single NW-TT entity within UPF is up to implementation. The TSCTSF is responsible of configuring PTP instances within a UPF/NW-TT and to know the role of the NW-TT per each PTP instance. If the TSCTSF gathers nodal UPF status from OAM, it is later up to TSCTSF to determine how that nodal UPF information maps to the logical PTP instances using the NW-TT’s PTP operation and other PTP instance configuration (like GM quality announced) to check that are really impacted by that UPF nodal update and then determine the impacted UEs too. On the other hand, if the UPF/NW-TT directly reports at UMIC level, it is understood at TSCTSF that the UPF/NW-TT did the evaluation of the PTP instance(s) impacted and included in the UMIC reporting it and it is notifying the change of the PTP instance to the TSCTSF.	Comment by Nokia: Little point to bring to the table, it may not be an issue but it is true that OAM method will require the TSCTSF to do more investigation of the PTP instances impacted
· NGAP signaling impact may be required to enable the AMF controlling the gNB operation related to RAN timing synchronization status. Enabling the AMF to configure the RAN node is also useful for the use cases considered in FS_5TRS_URLLC KI#3 where ASTI service is used without AF request. In this scenario, the AMF can alone configure ASTI service when for example the UE performs the registration with the network (i.e., the TSCTSF is not required, as illustrated in Figure 6.18.3.1-1 in TR 23.700-25). If the Uu time synchronization error budget is included in the UE subscription (it is an optional parameter), the progress done in KI#1 to be aware of the RAN timing synchronization status and configure the RAN node to notify the UEs could be also used here.
Enabling control plane method as an alternative option to retrieve RAN and UPF/NW-TT timing synchronization status reports can be benefitial for the points listed above.
Proposal 1: Include network timing synchronization status reporting to TSCTSF via control plane method as part of the KI#1 conclusions and way forward.

1.2		Informing the UE about timing synchronization status	Comment by Nokia: Open ENs trying to discuss in this section:

Editor’s note: Which existing, or potentially new SIB information is used by the UE to make this determination is FFS.

Editor’s note: How the UE requests this additional information, how the network delivers it and which additional information to provide to the UE is FFS. Feedback from ITU-T will be considered for the latter.

Editor’s note: Handling of UEs in RRC_Inactive state is FFS.

1.2.1 	Overview
KI#1 objective is to learn about the 5GS network timing synchronization status and study if additional information should be provided to the UE(s) to assist the comparison of the 5GS clock quality against other clocks. Focusing on the 5G clock disemination via ASTI method, as higlighted in S2-2205514, only very limited information can be currently provided to the UE using SIB9 or dedicated RRC signaling. The information available is whether the provided time is based on GPS time or a local clock (timeInfoType field) and the uncertainty of the time information (uncertainty) field. 
Other parameters already discussed in SA2 target to deliver 5G clock information similar to the clock quality information that is already available in PTP protocols such as information about (UTC) traceability, clock synchronization state (e.g., locked, holdover, freerun), source status (e.g., parent, ok, nok, disabled), the frequency stability of the oscillator of a given clock, etc. There may be multiple types of deployments (i.e., time sources available at RAN), thus, the parameters to consider should be general to work wity any clock that is used for the reference time information provided to the UE in SIB9/RRC. The specific set of relevant parameters to forward to the UE are FFS and feedback from ITU-T will be considered to determine the parameters that should be provided to the UE. 
1.2.2 	How the gNB decides the UEs interested in RAN timing synchronization status reports
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 timing synchornization staus reporting to the UEs. Two options can be considered:
· Option 1: The gNB can decide by its own if RAN timing 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 minimizes the signaling impacts in the specification and relies on a single decision point in the network to determine if RAN timing synchronization status is required to be reported to UE side or not. In this option, the start/stop triggers for RAN timing synchronization status report to a UE may rely on the UE consuming ASTI service with a known Uu time synchornization error budget configured for the service.
Option 2 instead depends on the core (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 timing synchronization status reporting while requesting time synchronization as a service or ii) UE’s subscription can include its preference for timing synchronization (link with KI#3). Both AMF and TSCTSF are considered for Option 2 because of the new scenarios that KI#3 can bring 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 timing synchronization status reporting. 
With the proper description of triggers for the gNB to start/stop the RAN timing synchronization status reporting to the UE(s), Option 1 can be the simplest solution. However, Option 1 depends how RAN timing synchronization reports are offered as a service to the UEs (no matter the RRC state). If it is a service that may be open for the UEs consuming ASTI, then Option 1 is aligned with this approach. Otherwise, if the service should be only be available for UEs that are subscribed to this 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 timing synchronization status, 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.
Observation 1: The gNB can decide by its own if RAN timing synchronization status reporting is needed for the UE(s) based on its knowledge of the UEs consuming ASTI. However, if the service requires access control to the information, the gNB needs to rely on AMF or TSCTSF indications.

1.2.3 	How the gNB provides RAN timing synchronization status reports to interested UEs
Whether the gNB determines the interested UEs by itself or the core provides a list of UEs, the next open area is how the gNB can report the new available RAN timing synchronization status to the interested UE(s). The specific method depends on the RRC state the UEs are: 
· For UEs in RRC Idle state, two main methods can be used, either the report is included as part of SIB9 for the UEs to read it or the network needs to page the UEs to receive further signaling with the report. To avoid RAN congestion, it is preferable to not initiate the UEs re-establishment due to a common event in the cell, thus, providing the supplementary information within SIB9 is preferred. However, the drawbacks of using SIB9 for broadcasting the RAN timing synchronization report is the additional extensions to SIB9. The only case for UEs in RRC Idle state where the network should consider paging the UEs is if there is a need to guarantee that the UE has actually read the information.
· For UEs in RRC Inactive state, similar assumptions apply than for RRC Idle state, it is preferable to avoid the UE(s) resuming their RRC connection to switch to RRC Connected state to receive the RAN timing synchronization status. Therefore, it is preferred to broadcast RAN timing synchronization status report via SIB9.
· For UEs in RRC Connected, the gNB can decide whether SIB9 is enough for them or dedicated RRC signaling is preferred to send a RAN timing synchronization status report. This case is similar to the gNB detemining whether to use dedicated RRC signaling for RTI delivery to the UE(s). The gNB’s decision to use dedicated RRC signaling may be due to: i) if RTI is provisioned via dedicated RRC signaling, to provide the RAN timing synchronization status report together with the impacted RTI, or ii) the need to provision the RAN timing synchronization status report faster than the next occurrence of SIB9 in the cell (e.g., if the SIB9 periodicity is relaxed), or iii) to implictly confirm the UE has received the report via RRC signaling acknowledgement.
Proposal 2: Update KI#1 conclusions for NG-RAN to inform UEs that receive 5GS time through access stratum signalling about the RAN timing synchronization status by providing additional clock quality information in SIB9 for UEs in RRC Idle/Inactive and/or via dedicated RRC signaling for UEs in RRC Connected. 
Note for SIB9 to be used for RAN timing synchronizations status report, there is no requirement for the UE reading the latest SIB9. For time synchronization operation, either it should be mandated for the UEs consuming access stratum time distribution to read the last valid SIB9 or rely on the status report to be available long enough for the UEs to read it (e.g., if they read 1 out of X SIB9).
Despite SIB9 is preferred for UEs in RRC Idle/Inactive to avoid paging multiple UE(s) in the same cell when a new RAN timing synchronization status report is available, different options can be considered depending on the clock quality information added to SIB9:
·       Option 1: The RAN timing synchronization status report added to SIB9 includes all clock quality information available at the gNB (i.e., SIB9 new IE is the same as the clock quality information included in a dedicated RRC signaling message).
· Option 2: The RAN timing synchronization status report added to SIB9 only includes a subset of clock quality information available at the gNB or some kind of flag or report ID to let the UE know there is new RAN timing synchronization status available (i.e., SIB9 new IE is not the same as the clock quality information included in a dedicated RRC signaling message).
· Option 3: The RAN timing synchronization status report is ciphered and added to SIB9 includes all clock quality information available at the gNB. In this option only the UEs subscribed to this service have the common key used to cipher the information.
In Option 1, there is no need for a UE in RRC Idle/Inactive state to re-establishment/resume the RRC connection with the gNB, as it will not be able to learn more about the 5G clock status. 
In Option 2, if further details are required at the UE side (e.g., based on device implementation), the UE in RRC Idle/Inactive state may initiate RRC re-establishment/resume to retrieve additional information from the gNB. To let the gNB know the reason for the UE to trigger a RRC re-establishment/resume, an additional optional IE can be included within the RRC Setup Complete or RRC Resume Complete messages. Then, once the RRC connection is restablished, the gNB can provide the full RAN timing synchronization status report to the UE as part of a dedicated RRC signaling message (e.g., in a DLInformationTransfer message).
In Option 3, the RAN timing synchronziation status ciphering requires the creation of a common key for the UEs subscribed to the service. The TSCTSF is responsible for distributing the ciphering keys to UEs and the gNB (via AMF). When a new RAN timing synchronization status report is available at the gNB, the gNB ciphers the report and includes it in the SIB9. In this option UEs in RRC Idle/Inactive state can maintain their state as long as they have a valid key available.
Among the options listed, Option 2 can be the compromise solution between simplifying the access to status reports for UEs in RRC Idle/Inactive while controlling the UEs that can access to the service information.
Observation 2: SIB9 shall broadcast information to enable the UEs in any RRC state that the RAN timing synchronization status of the cell has changed.

1.3		Informing the AF about status of timing synchronization service request	Comment by Nokia: Open ENs discussed in this section:

Editor’s note: Which information to provide to AF is FFS.

Editor’s note: Whether both UE and AF need to be informed about the time synchronization status simultaneously, and in which cases only UE or only AF may receive it is FFS.

Editor’s note: Whether AF can also decide to deactivate/reactivate/update time sychronization services based on RAN or UPF time synchronization status degradation or improvement depends on which information will be provided to AF and 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 synchronziation 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), 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 maintainance 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 AF should be able to be notified regarding timing synchronization service status information too (i.e., service is OK or NOK). 
One of the simplest feedback the TSCTSF could provide to the AF (if the AF is subscribed to it) that can be of use for a vast range of time synchronization suse cases (with very simple AF exposure needs or more sophisticated AF exposure needs) can be the following:
· Service is OK: Time synchronization service is running within requirement specification (i.e., a pre-configured or AF’s provided time synchronziation error budget).
· Service is NOK: Time synchronization service is running outside requirement specification (i.e., a pre-configured or AF’s provided time synchronziation error budget).
· Service is DISABLED: Time synchronization service is disabled.
Together with this service update proposal (OK/NOK/DISABLED) 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 3: Update KI#1 conclusions for TSCTSF to provide time synchronization status notification to the AF (i.e., OK, NOK, DISABLED) and optionally the derived time synchronization error budget derived to make the decision based on AF request for subscription to notifications.
Additionally, one open question is whether the AF can also decide to deactivate/reactivate/update time sychronization 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 overwrite the TSCTSF decisions to maintain/interrupt/update the time synchronization service based on the input received from the exposure framework and the knowledge of the time synchronization needs the use case has (that go beyond 3GPP control so it is not aware). There may be cases where the time synchronization error budget is a hard requirement that if fails the service should be disabled so the TSCTSF and AF decision on disabling the service directly will align, but there may be other cases where the 5GS is the last available time source available and despite having a time synchronization error budget requirement exceeded, the AF prefers keeping a drifting time source available for the devices for a period of time while another patch is available. 
Proposal 4: Update KI#1 conclusions to allow AF to control (or overwrite if needed) time synchronization service configuration (activation/deactivation/update) if the AF was the original requested of the service for a UE.

2.	Text proposal
This paper proposes to agree the following way forward for changes to TR 23.700-25.
[bookmark: _Hlk67396857]>>>>BEGINNING OF CHANGES<<<<	Comment by Nokia: All text changes coming from S2-2205514r04 are under the revision name “S2-2205514r04”
[bookmark: _Toc104964574]8	Conclusions
[…]
8.X	Conclusion for KI #1: 5GS network timing synchronization status and reporting
The following bullet points summarize the initial principles for the way forward:
-	Detecting and reporting RAN and UPF timing synchronization status to TSCTSF
-	NG-RAN and UPF/NW-TT can detect network 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 3GPP scope.
-	TSCTSF may receive network timing synchronization status information of RAN and UPF/NW-TT directly from OAM.
-	TSCTSF may receive network timing synchronization status information of RAN and UPF/NW-TT using control plane. For UPF/NW-TT case the TSCTSF may use UMIC. For NG-RAN case the TSCTSF may obtain NG-RAN information via the AMF (e.g., requiring the AMF to use NGAP signaling to configure the NG-RAN). 	Comment by Nokia: Basic principle for C-plane additional method added.

-	UE determining that the quality of the 5GS reference time has changed:	Comment by Nokia: Adding a few more changes to consider all UE’s RRC states.
-	UEs in RRC Idle or RRC Inactive determine based on information in SIB that the quality of the 5GS reference time has changed.
-	UEs in RRC Connected determine based on information in SIB or dedicated RRC signaling that the quality of the 5GS reference time has changed.
Editor’s note: Which existing, or potentially new SIB information is used by the UE to make this determination is FFS.
-	UE receiving additional information about the quality of the 5GS reference time:
-	If a UE in RRC Idle or RRC Inactive has determined that the quality of the 5GS reference time has changed, then the UE may request additional information about the quality of the 5GS reference time from the network.
Editor’s note: How the UE requests this additional information, how the network delivers it and which additional information to provide to the UE is FFS. Feedback from ITU-T will be considered for the latter.

-	Determining UEs impacted by RAN timing synchronization status degradation/failure/improvement:
-	TSCTSF subscribes to receive location information (RAN node granularity) from AMF for UEs that AF requested time synchronization for or that have configured a (g)PTP-based time synchronization service based on UE’s subscription.
-	TSCTSF requests UEs for which an AF requested time synchronization or that have configured a (g)PTP-based time synchronization service based on UE’s subscription to perform a Registration if the UE is in CM-IDLE or the UE Triggered Connection Resume if the UE is in RRC_INACTIVE and detects a change in the quality of the 5GS reference time for the current cell or when re-selecting to a different cell.
-	TSCTSF correlates information about impacted RAN nodes and the UE location information received from AMF to determine the UEs impacted by RAN node timing status degradation/failure/improvement.
-	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 then TSCTSF informs the AF about the network timing synchronization status for those UEs if the AF was the requester of the time synchronization service for those UEs.
-	The AF may subscribe to time synchronization service status for the UE for which it configured time synchronization service (for ASTI or (g)PTP services).
-	For subscribed AF’s, the TSCTSF provides time synchronization service status. The TSCTSF may optionally provide the derived time synchronization error budget together with the service update.
Editor’s note: Which information to provide to AF (could be the same as provided to the UE) is FFS.
Editor’s note: Whether both UE and AF need to be informed about the time synchronization status simultaneously, and in which cases only UE or only AF may receive it is FFS.
-	Deactivating/reactivating/updating time sychronization services based on RAN/UPF timing status changes:
-	gPTP 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 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 "diable" 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: Whether AF can also decide to deactivate/reactivate/update time sychronization services based on RAN or UPF time synchronization status degradation or improvement depends on which information will be provided to AF and is FFS.
Editor’s note: Further conclusions on RRC/SIB aspects are assumed to be done in coordination with RAN WGs.

>>>>END OF CHANGES<<<<
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