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1.	Discussion
1.1	Introduction
The conclusion for key issue 1 in TR 23.700-25 [1] contains a set of Editor's notes. This paper discusses some of the related open issues and proposes a way forward.
1.2	Details of RAN timing synchronization status to be provided to UEs
TR 23.700-25 [1] clause 8.5 contains the following Editor's note:
Editor's note:	[…]Details of which RAN timing synchronization status information to provide to the UE will be determined based on feedback from ITU-T.
Different proposals have been made throughout the study, which information to provide to the UE to reflect the RAN's timing synchronization status:
-	Provide a clock quality index to the UE that maps to pre-defined and/or standardized time synchronization characteristics
-	Provide quality metrics such as clock accuracy, lock state, and frequency stability to the UE.
-	Provide an OK/not OK indication to the UE where OK/not OK refers to the clock quality agreed per SLA for that UE.
For the last option (OK/not OK indication) it is worth noting that no solution has been provided to illustrate how this option can be realized, e.g., how the RAN would learn about the acceptable clock quality for a UE so that it can inform the UE whether the clock quality is ok or not ok.
SA2 also sent an LS [2] to ITU-T SG15 to ask for feedback on this matter but there are different views how to interpret the response from ITU-T [3] as can be seen from a discussion paper [4] handled during SA2#153e and the related e-mail discussion [5]. Some companies believe ITU-T SG 15 was suggesting SA2 to only focus on providing an OK/not OK indication to UEs. Other companies' key take-away from the LS (shared by the authors of this paper) is that the amount of clock quality information to provide to UEs depends on the time synchronization scenarios to be supported.
Related to that, and as proposed in [3], it is important to consider that different timing service consumers have different clock quality needs, e.g., based on national regulation or operating requirements, for example:
-	Some timing service consumers may, depending on regulation, only be able to use the 5GS time when the 5GS clock is connected to a Primary Reference Time Clock (PRTC) (e.g., a PRTC traceable to a GNSS).
-	Other time service consumers may prefer to use a PRTC that is traceable to GNSS but can also use 5GS time if the 5GS clock operates in hold-over as long as the network informs the timing service consumer that the 5GS clock operates in hold-over state and provides the related clock accuracy (e.g. because time stamps are generated based on 5GS time).
In other words, while some timing service consumers can only operate with a single, very specific clock quality, other timing service consumers can use 5GS time across a wider range of clock qualities as long as the network transparently informs about the clock quality at any point in time.
It is worth highlighting that this implies that an OK/not OK indication does not address all use cases; instead, details about the RAN timing synchronization status are needed at the UE for some scenarios.
Therefore, this paper proposes to enable the MNO (or an authorized AF) to control which RAN timing synchronization status information (if any) should be provided to the UE.
Proposal 1: Enable the MNO (or an authorized AF) to control which RAN timing synchronization status information (if any) should be provided to a UE.
In detail, this paper proposes the following way forward:
-	Extend the subscription with clock quality reporting control information (applicable for UEs which are subscribed to receive Access Stratum based timing information (ASTI)):
-	Clock quality detail level: indicates whether and which clock quality information to provide to the UE and can take one of the following values: 
-	Clock quality metrics 
-	Acceptable/not acceptable indication.
[bookmark: _Hlk118229741][bookmark: _Hlk118230113]-	Clock quality acceptance criteria for the UE (if the clock quality detail level equals 'acceptable/not acceptable indication': the clock quality acceptance criteria for the UE (e.g., acceptable clock accuracy, acceptable frequency stability, etc.)
-	For UEs for which an AF requests ASTI, the AF may provide clock quality reporting control information to TSCTSF. TSCTSF provides the clock quality detail level and the clock quality acceptance criteria to AMF.
-	AMF provides clock quality reporting control information to RAN
-	Based on the clock quality reporting control information received from AMF, RAN reports its timing synchronization status to the UE:
-	If clock quality detail level equals 'clock quality metrics', then the RAN provides clock quality metrics to the UE that reflect its current timing synchronization status. Clock quality metrics refers to information such as clock accuracy, traceability to UTC, frequency stability, etc. 
-	If clock quality detail level equals 'acceptable/not acceptable indication', then the RAN provides an acceptable indication to the UE if the RAN's timing synchronization status matches the acceptance criteria received from AMF; otherwise RAN indicates 'not acceptable' to the UE.
It is worth emphasizing that the above proposal also addresses the following Editor's note:
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.
This is because the above enables an AF to control whether RAN time synchronization status information will be provided to the UE when the AF requests access stratum time synchronization for a UE. If an AF prefers the UE to receive RAN time synchronization status information, then the AF can provide clock quality reporting control information to the network. If the AF does not provide clock quality reporting control information to the network, then RAN will not provide RAN time synchronization status information to the UE.
1.3	Addressing open issues for RAN timing synchronization status delivery using unicast RRC
Alternative 1a and Alternative 2 as documented in Annex A.1 of TR 23.700-25 [1] propose to deliver RAN timing synchronization status using unicast RRC as follows: RAN broadcasts a report ID (Alternative 1a) or a timestamp (Alternative 2) if the "NG-RAN node detects a primary source event (e.g. degradation, failure, recovery)" according to TR 23.700-25 [1] clause A.1.1 (similar wording is used for the timestamp option in TR 23.700-25 [1] clause A.1.2). If the UE detects a new report ID or timestamp, the UE may establish an RRC connection to receive timing synchronization status.
What is unclear for Alternative 1a and Alternative 2 is how a UE determines the RAN timing synchronization status if no primary source event has happened (i.e., if no report ID/timestamp is provided in SIB). In other words, it is unclear for Alternatives 1a and 2 how the UE determines the default RAN timing synchronization status for NG-RAN nodes in a particular area of the network.
In this context it is worth emphasizing that the default RAN timing synchronization status for NG-RAN nodes is not necessarily the same in all areas of the entire network:
-	While parts of the RAN network may use transport network-based timing (e.g., based on PTP or SyncE), others may use GNSS-based timing, which may lead to different default clock qualities.
-	The operator may deploy RAN equipment from different vendors in different regions of the network, which may lead to differences in default clock quality in different regions.
At the same time, it is important to consider that during sunny day scenarios (i.e., if the RAN node is connected to its primary reference clock) the clock quality of NR cells from the same vendor, assuming they use the same primary reference time clock (e.g., provided using GNSS or PTP/SyncE), will be typically the same or very similar. 
Based on this observation, this paper proposes to address the open issue for Alternatives 1a and 2 by providing a default clock quality to UEs:
-	A default clock quality can be configured in NG-RAN.
-	If NG-RAN determines that its clock quality deviates from the default clock quality, it indicates a report ID/timestamp in SIB.
-	NG-RAN provides the UE with the Default clock quality. The default clock quality applies to the tracking area identified by the Tracking Area ID broadcast by the RAN node that provides the default clock quality to the UE.
-	If a cell does not broadcast a report ID/timestamp, the UE applies the Default clock quality.
-	If the UE changes to a tracking area for which it does not have the Default clock quality, the UE may establish an RRC connection to receive the default clock quality for the new tracking area.
Proposal 2: Provide a default clock quality to UEs, which is applied by the UE unless an NG-RAN node broadcasts clock quality report ID/timestamp.
Note that this proposal does not require the operator to ensure the same clock quality for all NG-RAN nodes in the same tracking area. If for instance an operator deploys an NG-RAN node with a more accurate clock source than other nodes in the same tracking area, e.g., to serve a factory, then the NG-RAN node that serves the factory would simply broadcast a report ID/timestamp (as its clock quality deviates from the default clock quality for the tracking area). As a result, UEs served by this NG-RAN node can learn about the more accurate clock quality of that NG-RAN node.
1.4	UE behaviour when determining a change of RAN timing synchronization status in RRC_INACTIVE
TR 23.700-25 [1] contains the following Editor's note:
Editor’s note: Whether the UE performs a Registration also in Inactive is FFS.
The background of the Editor's note is the following statement in the conclusion: 
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).
In other words, the question is whether the UE should follow the same behaviour (UE to perform a Registration) if the RAN timing synchronization status has changed regardless of whether the UE is in RRC_IDLE or in RRC_INACTIVE. 
It is important to understand that in RRC_IDLE it is the NAS layer of the UE that needs to determine the need to perform a Registration based on the request received from the TSCTSF. This means that the AS layer will need to provide the RAN timing synchronization status information to the NAS layer anyhow.
Given this, it makes sense to reuse this functionality also in RRC_INACTIVE, i.e., to let the NAS layer determine the need to connect to the network based on a change of the RAN timing synchronization status and the request from the TSCTSF. Based on this determination, the NAS layer of the UE can send a Registration Request. If the UE is in RRC_INACTIVE this will then implicitly trigger the Resume procedure.
Proposal 3: The UE performs a Registration 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 in both RRC_IDLE and RRC_INACTIVE.
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3.	Text proposal
It is proposed to agree the following changes to TR 23.700-25.
[bookmark: _Hlk67396857]>>>>BEGINNING OF CHANGES<<<<
8.5	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). 
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 ) 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.
-	Providing RAN timing synchronization status information to the UE:
-	If a UE is subscribed for Access Stratum Time Synchronization (ASTI) in the UDM (see clause 8.6), then the "Access and Mobility Subscription data" may additionally contain the following clock quality reporting control information:
-	Clock quality detail level: indicates whether and which clock quality information to provide to the UE and can take one of the following values: clock quality metrics or acceptable/not acceptable indication.
-	Clock quality acceptance criteria for the UE (if the clock quality level equals "acceptable/not acceptable indication": the clock quality acceptance criteria for the UE (e.g., acceptable clock accuracy, acceptable frequency stability, etc.)
-	If an AF requests Access Stratum Time Synchronization (ASTI) for a UE, then the AF may additionally provide clock quality reporting control information to TSCTSF. TSCTSF provides the clock quality reporting control information to AMF.
-	When AMF provides the 5G access stratum time distribution indication and the Uu time synchronization error budget to NG-RAN, AMF also includes the clock quality reporting control information.
-	Based on the clock quality reporting control information received from AMF, RAN reports its timing synchronization status to the UE:
-	If clock quality detail level equals "clock quality metrics", then the RAN provides clock quality metrics to the UE that reflect its current timing synchronization status. Clock quality metrics refers to information such as clock accuracy, traceability to UTC, frequency stability, etc.
-	If clock quality detail level equals "acceptable/not acceptable indication", then the RAN provides an acceptable indication to the UE if the RAN's timing synchronization status matches the acceptance criteria received from AMF; otherwise RAN indicates "not acceptable" to the UE.
-	If RAN is configured with default clock quality metrics and if RAN has received clock quality reporting control information from the AMF, then RAN provides default clock quality information to the UE as follows:
-	If clock quality detail level equals clock quality metrics, then RAN provides the default clock quality metrics to the UE.
-	If clock quality detail level equals acceptable/not acceptable indication, then the RAN provides a default acceptable indication to the UE if the default clock quality metrics match the acceptance criteria received from AMF; otherwise RAN indicates default not acceptable to the UE.
-	Default clock quality metrics and the default acceptable/not acceptable indication applies to all NG-RAN nodes that broadcast the same Tracking Area ID as the NG-RAN node from which the UE received default clock quality metrics or default acceptable/not acceptable information.
-	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.
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.
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