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1	Introduction
A new WI has been approved in the previous RAN meeting on NR Timing Resiliency and URLLC enhancements [1]. This contribution, we address the following objectives with RAN2 impact on 5GS network timing synchronization status and reporting:
	1.	5GS network timing synchronization status and reporting [RAN3, RAN2]:
a.	AMF providing clock quality reporting control information per-UE to the gNB. [RAN3]
b.	gNB delivering 5G Clock quality information to the UE in RRC_CONNECTED state, based on the clock quality reporting control information and gNB capability. [RAN2, RAN3]
Note 1: 	Details of the 5G clock quality information will be decided by RAN3.
c.	UE in RRC_IDLE and RRC_INACTIVE state determining that the 5G Clock quality information has changed via information received in the broadcast signalling. [RAN2]
d.	gNB reporting node-level RAN timing synchronization status information towards the AMF, based on RAN timing synchronization status reporting configuration and gNB capability. [RAN3]


2	Discussion
2.1	IDLE/INACTIVE mode (1.c)
To inform UEs in RRC_INACTIVE/IDLE state about a change of the RAN clock quality information, SA2 has concluded the following:
	From 23.501 v18.1.0:
5.27.1.12	Support for network timing synchronization status monitoring
[…]
The NG-RAN indicates the status change to the UEs via SIB9:
-	When the network timing synchronization status exceeds the threshold, the NG-RAN includes in SIB9 a reference report ID. When the network timing synchronization status meets the thresholds again (i.e. status improvement), the NG-RAN stops broadcasting the reference report ID in SIB9. Either event serves as a notification for the UEs reading the SIB9 that there is new clock quality information available.
-	The UE in RRC_INACTIVE or RRC_IDLE state compares the reference report ID in SIB9 (or lack of 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 should support providing clock quality for all the cells within a single NG-RAN node.


In the previous RAN2 meeting, we have replied to SA2 that sharing same event ID across multiple cells could be beneficial to avoid UEs getting connected when cell re-selection happens and the UE can already identify cells within the same gNB based on the broadcasted gNB ID length, while it is currently impossible to indicate cross gNB cells sharing the same timing status information [3]. 
Besides, in the RAN3 reply LS [4], they indicated it could be possible to have some groups of cells within the same gNB sharing the same timing status (possible with NW implementation to indicate different Event ID for the cells having different timing status) and they prefer to avoid coordination of reference report ID over the Xn interface for cross gNBs:
 -	Depending on gNB topology, clock quality information can be the same for some or all cells of a gNB. Also, topologies can exist where clock quality information is different between “groups of cells within a single gNB” (e.g. cells served by different gNB-DUs).
-	RAN3 understands that it shall be possible for NG-RAN to ensure that UEs are kept in RRC_IDLE or RRC_INACTIVE state when moving between cells of a gNB with the same clock quality. From RAN3 point of view, this can be supported with just the “Event ID”.
-	RAN3 does not see a need to support “group of cells across gNBs” in Release 18, considering its limited applicability and the likely specification effort (e.g., coordination of the reference report ID over the Xn interface).
Based on the RAN3 response, it seems event ID only is enough to be broadcasted in SIB9 to support cells or groups of cells sharing the same timing status within the same gNB. The value range can be left for RAN3 to decide.
Proposal 1: confirm that event ID is to be indicated in SIB9.
Proposal 2: value range for event ID in SIB9 is up to RAN3 to decide.
Upon reception of the SIB9 indicating a different event ID than the event ID the UE stored, the UE may determine the timing synchronization status has changed and it needs to decide e.g. based on ongoing PDU sessions whether it needs to trigger RRC connection to get detailed information. We assume UE AS just forwards the event ID information from SIB9 to NAS layer (as is done with e.g., CMAS/ETWS for SIB6 - SIB8), and the checking of the event ID is done in NAS layer, e.g. based on ongoing PDU sessions or other criteria, but it would be good to confirm this with CT1. If NAS handles the RRC connection triggering, there are likely no changes to RRC connection procedures, but it would be good to confirm also this from CT1.
Proposal 3: send LS to CT1 to ask if NAS triggers RRC connection due to timing synchronization status change, and whether this requires any changes to RRC connection procedure.
Upon triggering RRC connection for timing synchronization status change, in the previous RAN2 reply LS to SA2, we indicated UAC could be used for randomization of the UEs getting connection and asked CT1 which access category to use for this purpose [RAN2 LS]. We could wait for CT1 reply to see if anything needed from RAN2 point of view.
Proposal 4: confirm UAC can be used for randomization of UEs getting connection for timing synchronization status change.
Proposal 5: wait for CT1 reply to see if any change needed on UAC.
2.2	CONNECTED mode (1.b)
Based on description from the latest TS23.501 v18.1.0, 
	5.27.1.12	Support for network timing synchronization status monitoring
[...]
For 5G access stratum time synchronization service, clock quality reporting control information manages the NG-RAN timing synchronization status notifications to the UE. 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 provided by the TSCTSF or received from UDM. Clock quality reporting control information may be present in the AF request or Access and Mobility Subscription data at the UDM, and contains the following fields:
-	Clock quality detail level. It 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.
-	If the clock quality detail level equals "clock quality metrics", the NG-RAN provides clock quality metrics to the UE that reflect its current timing synchronization status. Clock quality metrics refers to the following information: clock accuracy, traceability to UTC and to GNSS, frequency stability, parent time source, synchronization state.
-	If the clock quality detail level equals "acceptable/not acceptable indication", clock quality acceptance criteria for the UE. The NG-RAN provides an acceptable indication to the UE if the NG-RAN's timing synchronization status matches the acceptance criteria received from AMF; otherwise, NG-RAN indicates "not acceptable" to the UE. Acceptance criteria can be defined based on one or more of the following attributes: parent time source, traceability to UTC and to GNSS, synchronization state, clock accuracy, frequency stability.
[...]
To provision clock quality information to the UEs, the NG-RAN uses unicast RRC signalling:
-	For UEs in RRC Connected state, the NG-RAN uses unicast RRC signalling.
-	The UE that is not in RRC_CONNECTED state may establish or resume the RRC connection to receive the clock quality information from the NG-RAN.


We assume the procedure for the RAN to provide the latest clock quality information to the UE in RRC_CONNECTED state works as follows:
Step 1:	AMF provides clock quality reporting control information to the gNB (together with 5G access stratum time distribution indication and the Uu time synchronization error budget introduced in Rel-17).  The clock quality reporting control information contains:
-	Clock quality detail level: can take one of the following values: “clock quality metrics” or “acceptable/not acceptable indication”.
-	Clock quality acceptance criteria for the UE: applicable if the clock quality detail level equals “acceptable/not acceptable indication”. The acceptance criteria can be defined based on the following attributes: time source, traceability to UTC or GNSS, synchronization state, clock accuracy, PTP clockClass, frequency stability.
Step 2:	Based on the clock quality reporting control information received from AMF, gNB reports its timing synchronization status to the UE using unicast RRC:
a)	If clock quality detail level equals “clock quality metrics”, then the gNB provides clock quality metrics to the UE that reflect its current timing synchronization status. Clock quality metrics refers to the following information: clock accuracy, PTP clockClass, traceability to UTC or GNSS, frequency stability, time source, synchronization state.
b)	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.
Note: gNB takes into account whether propagation delay compensation is performed.
The details of clock quality metrics can be left to RAN3 to discuss/decide. From RAN2 point of view, we need to decide which message to be used to deliver the information. Either DLInformationTransfer or RRCReconfiguration could be used, but while RRCReconfiguration also allows transfer of DL NAS messages, that is more meant for cases where simultaneous AS and NAS actions are needed (e.g., PDU session release affecting configured DRBs), which doesn’t seem to be the case here. Further, DLInformationTransfer has been currently used for the downlink transfer of NAS dedicated information, timing information for the 5G internal system clock soit makes sense to include the timing synchronization status in that message. 
	[bookmark: _Toc60777094][bookmark: _Toc115428875]–	DLInformationTransfer
The DLInformationTransfer message is used for the downlink transfer of NAS dedicated information, timing information for the 5G internal system clock, or IAB-DU specific F1-C related information.



Proposal 6: the timing synchronization status information is provided from the gNB to the UE via DLInformationTransfer
Proposal 7: Details of timing synchronization status can be left to RAN3 to decide.
3	Conclusion
RAN2 impact on 5GS network Timing synchronization status and reporting is discussed in this contribution with the following proposals proposed:
Proposal 1: confirm that event ID is to be indicated in SIB9.
Proposal 2: value range for event ID in SIB9 is up to RAN3 to decide.
Proposal 3: send LS to CT1 to ask if NAS triggers RRC connection due to timing synchronization status change, and whether this requires any changes to RRC connection procedure.
Proposal 4: confirm UAC can be used for randomization of UEs getting connection for timing synchronization status change.
Proposal 5: wait for CT1 reply to see if any change needed on UAC.
Proposal 6: the timing synchronization status information is provided from the gNB to the UE via DLInformationTransfer
Proposal 7: Details of timing synchronization status can be left to RAN3 to decide.
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