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The following bullet points summarize the principles for the way forward:
-	Detecting and reporting RAN and UPF timing synchronization status to TSCTSF.
-	NG-RAN and UPF/NW-TT can detect timing synchronization degradation/failure/improvement locally.
NOTE 1:	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.
Two options are defined for the TSCTSF to detect the timing synchronization status information of RAN and UPF/NW-TT:
1)	TSCTSF may receive network timing synchronization status information of RAN and UPF/NW-TT directly from OAM.
2)	Alternatively, TSCTSF may receive network timing synchronization status information of RAN and UPF/NW-TT using control plane signalling at node level:
-	For UPF/NW-TT case the TSCTSF may use UMIC.
-	For NG-RAN case the TSCTSF may obtain NG-RAN network timing synchronization status information via the AMF (i.e. AMF uses NGAP signalling to configure the NG-RAN reporting).
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 clock quality informationRAN timing synchronization status changed using:
-	SIB broadcast information to enable UEs in RRC_IDLE and RRC_INACTIVE and in the case of RRC_CONNECTED UEs, dedicated RRC signalling, 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 clock quality informationRAN timing synchronization status has changed and the UE has been requested by the TSCTSF to connect to the network in the case that the RAN clock quality informationRAN 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:	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.
-	Informing UEs in RRC_Inactive/Idle state about a change of the RAN clock quality information:
-	The gNB includes in SIB9 a reference report ID as a notification for the UEs reading the SIB9 that there is new clock quality information available. The UE compares the reference report ID with locally stored reference report ID to determine if it had retrieved the last available clock quality information already.
-	The reference report ID consists of the scope of the report ID and an Event ID (an integer). Scope may either identify a group of cells within a single gNB or a group of cells across gNBs. The latter would reduce the amount of signalling even further since then UEs that move to another gNB would not need to retrieve the clock quality details.
NOTE 2:	RAN WGs are expected to decide whether to support both scopes (group of cells per gNB or across gNBs).
NOTE 3: It is not required that the UE always transitions to RRC_CONNECTED immediately to retrieve the latest available clock quality information. In order to reduce RACH access from many UE(s) (to move back to RRC_CONNECTED state) at the same time, the following option has been considered pending RAN2 feedback:
-	RAN may require that the UE(s) randomize re-connecting back to the network, i.e., to spread the UEs' connection attempts in the time domain, e.g., over the course of one minute. It is up to RAN2 to determine how this is achieved.
a) 
-	Providing RAN’s latest clock qualityRAN timing synchronization status information to the UE in RRC_Connected state:
Editor's note:	Providing RAN timing synchronization status information to the UE in RRC_Idle and RRC_Inactive state is FFS.
-	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. Acceptance criteria can be defined based on the following attributes: parent time source, traceability to UTC or GNSS, synchronization state, clock accuracy, PTP clockClass, frequency stability.
(e.g. acceptable clock accuracy, acceptable frequency stability, etc.).
NOTE 4: Attributes that can be used for clock quality acceptance criteria depends on RAN capabilities to provide them and pending RAN WGs feedback. Whether PTP clockClass can be used will be determined during the normative phase.
NOTE 25:	Whether and which clock quality information to provide to the UE depends on the needs of the time service consumer (referred to as client network operator hereafter). Therefore, the clock quality detail level and clock quality acceptance criteria are based on the parameters and their values specified in the agreement between the 5G network operator and the client network operator. The clock quality acceptance criteria refer to the quality with which 5G access stratum time needs to be delivered to and received by the UE (i.e. also considering propagation delays). Additional inaccuracies in the UE, e.g. if the 5G access stratum time is delivered to devices attached to the UE, are not included in the clock quality acceptance criteria because they are assumed to be budgeted by the client network operator when agreeing the required clock accuracy with the 5G network operator.
-	If an AF requests Access Stratum Time Synchronization (ASTI) for a UE, then the AF may provide clock quality reporting control information and service acceptance criteria (defined based on the following attributes: time source, traceability to UTC or GNSS, synchronization state, clock accuracy, clockClass, frequency stability, NOTE 4) 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 using unicast RRC:
-	If clock quality detail level is set to "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 the following information such as : clock accuracy, PTP clockClass, traceability to UTC, frequency stability, time source, synchronization state.
-	If clock quality detail level is set to "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.
Editor's note:	Which clock quality metrics (e.g. clock accuracy, traceability to UTC, frequency stability) will be provided to the UE and will be used to determine whether the clock quality is acceptable or not is FFS.
-	When determining the clock quality metrics for a UE and when determining whether clock quality is acceptable or not acceptable for a UE, RAN considers whether propagation delay compensation is performed.
NOTE 36:	Clock quality metrics and the acceptable/not acceptable indication refer to the quality with which 5G access stratum time is delivered to and received by the UE (i.e. also considering propagation delays). In addition, the UE can, for example, update clock quality metrics to reflect internal inaccuracies in the UE before providing the clock quality metrics to devices connected to the UE.
-	Determining UEs impacted by RAN timing synchronization status degradation/improvement:
-	TSCTSF subscribes to receive notifications for UE presence in Area of Interest information (Area of Interest is set to a list of RAN node IDs that have the same RAN timing synchronization status) from AMF for UEs that AF requested time synchronization for or which are configured for (g)PTP-based or ASTI-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 the 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.
NOTE 7: How to determine the impacted UE will continue to be discussed during the normative phase.
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.
-	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.
-	Deactivating/reactivating/updating time synchronization 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 clause 7.6.2 of IEEE 1588 [8]) 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 informs the AF about the intention to temporarily remove the UE/DS-TT from the PTP instance and performs the action using existing procedures in clause K.2.2.1 and clause K.2.2.4 of TS 23.501 [2]) after receiving the confirmation. If the AF declines the intention, the TSCTSF keeps the service active.
-	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: the TSCTSF determines if the acceptance criteria can be met or not and notifies the result to the AF. Based on the notification, the AF decides to modify the ASTI service if preferred (e.g., disable the service upon degradation or enable it again upon recovery). 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]). However, before updating the access stratum time distribution indication from “enable” to “disable”, the TSCTSF needs to inform the AF (if the ASTI service was activated based on the AF request) about the intention and receive the confirmation; otherwise, the TSCTSF keeps the indication unchanged.
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