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Introduction
The new WID of NR Industrial Internet of Things (IoT) and URLLC support was approved in RAN#86 and revised in RAN#88e [1]. In which, the following objective is included:
	...
4.	Enhancements for support of time synchronization:
a. RAN impacts of SA2 work on uplink time synchronization for TSN, if any. [RAN2]
b. Propagation delay compensation enhancements (including mobility issues, if any). [RAN2, RAN1, RAN3, RAN4]


In RAN3#112 meeting, the following agreements on Time Synchronization assistance parameters and timing accuracy required have been achieved :
	· [bookmark: OLE_LINK15]Wait for RAN2/SA2 decision on Time Synchronization assistance parameters before further discussing in RAN3.
· [bookmark: OLE_LINK9]Further discuss assistance information that may be useful for the target gNB to maintain timing accuracy required by the UE following handover, focusing on RAN3 aspects if any issue identified.


[bookmark: OLE_LINK18]Based on the discussion in RAN3#113e meeting, the following agreements on time synchronization have been achieved:
	· For the time synchronization error budget, it is FFS for which level (e.g., UE level, PDU session level, or QoS flow level) and for its details (e.g., parameter name, parameter meaning, and value range)
· [bookmark: OLE_LINK32]It is FFS on whether assistance information (e.g., UE TSN timing reference, referenceTimeInfo delivery periodicity, timestamp) should be delivered during HO.


Based on the discussion in RAN3#114e meeting, the following agreements on Time Synchronisation Assistance Information have been achieved:
	· Introduce the Time Synchronisation Assistance Information IE as an optional UE-level parameter in 
· NGAP (INITIAL CONTEXT SETUP REQUEST, UE CONTEXT MODIFICATION REQUEST, HANDOVER REQUEST, and PATH SWITCH REQUEST ACKNOWLEDGEMENT [FFS]),
· XnAP (HANDOVER REQUEST and RETRIEVE UE CONTEXT RESPONSE)
·  The Time Synchronisation Assistance Information IE includes two sub-IEs:
· Time Distribution Indication IE, encoded as ENUMERATED type with two codepoints (enabled, disabled).
· Uu Time Synchronisation Error Budget IE encoded as INTEGER type having range 1ns to 1ms, and 1ns granularity.
· WA: The Uu Time Synchronisation Error Budget IE is needed over F1AP, details FFS.


[bookmark: OLE_LINK2]In this contribution, we will mainly discuss the potential RAN3 impacts of Time Synchronization error budget information and the RTT-based PDC during HO.  Then we’ll give our proposals.
[bookmark: OLE_LINK4]Discussion
In RAN3#114e meeting, the issues of Time Synchronization error budget information have been discussed, and the Time Synchronisation Assistance Information IE has been defined a UE-level parameter that can be optionally included over NGAP and XnAP. Furthermore, the Time Synchronisation Assistance Information IE includes two sub-IEs (e.g. Time Distribution Indication IE and Uu Time Synchronisation Error Budget IE).For F1AP, it has agreed to introduce the Uu Time Synchronisation Error Budget IE, and the IE should be carried in a UE-associated or non-UE associated procedure that requires further analysis. We think that it is more appropriate to use the non-UE associated signalling in F1AP and the analysis is as follow.
In the case of accurate time synchronization by unicast, gNB-CU needs to inform gNB-DU of the Uu time synchronization error budget, so that gNB-DU can provide appropriate reference time accuracy. If the Uu time synchronization error budget information over F1AP is carried in UE-associated signalling, considering that gNB may need provide the reference time to UE periodically and the reference time provided by gNB-DU is valid only within 512radioFrames, it seems there is not suitable UE-associated signalling over F1AP to carry such information.  Furthermore, if the reference time is necessary for multiple UEs, the UE-associated signalling will cost unnecessary signalling overhead. So, UE-associated signalling to carry the Uu time synchronization error budget information is not preferable.
[bookmark: OLE_LINK5]Although the Uu time synchronization error budget information in gNB-CU is provided by UE associated signalling over NGAP/XnAP, the gNB-CU can send the minimum Uu time synchronization error budget (e.g. the most rigorous budget) of multiple UEs to the gNB-DU, and gNB-DU reports the reference time with the minimum budget based on the gNB-CU request. Upon receiving the reference time, gNB-CU can provide the received reference time directly to UE (e.g. the minimum budget can fulfill all the UEs’ requirement), or provide the updated reference time to UE based on the UE’s budget request. 
Observation 1: For unicast, the gNB-CU can send the minimum Uu time synchronization error budget (e.g. the most rigorous budget) of multiple UEs to the gNB-DU, and gNB-DU reports the reference time with the minimum budget based on the gNB-CU request. 
In the case of accurate time synchronization by broadcast, since there is not cell level Uu time synchronization error budget request and gNB-DU can re-write the SIB9 (e.g. including reference time information), the Uu time synchronization error budget can be decided in gNB-DU by OAM(e.g. no Uu time synchronization error budget is delivered over F1AP for the case of accurate time synchronization by broadcast).
Observation 2: For broadcast, the Uu time synchronization error budget can be decided in gNB-DU by OAM.
Furthermore, since non-UE associated signallings in F1AP are used to request/report the reference time, it is simple to carry the Uu time synchronization error budget in the non-UE associated signallings (e.g. REFERENCE TIME INFORMATION REPORTING CONTROL message), so that gNB-DU can provide appropriate reference time accuracy.
Proposal 1: For F1AP, the gNB-CU notifies the gNB-DU of the Uu time synchronization error budget information through the REFERENCE TIME INFORMATION REPORTING CONTROL message.
Based on RAN1 Ls[2] to RAN2 and RAN4, RTT-based PDC has been supported in Rel17. As we all know, in the RTT method, UE can initiate RTT measurements only when the gNB is configured with the PRS\ CSI-RS\ SRS resource. During the handover process, the RTT measurement cannot be performed immediately because the relevant resource of the target gNB is not configured. In other words, UE can initiate RTT measurements only after the target gNB has completed the configuration of PRS\ CSI-RS\ SRS resources. Furthermore, in order to meet the handover time requirements of some services, it is worth thinking about how to quickly achieve the accurate synchronization of the reference time between the target gNB and UE. In our opinion, in order to realize that UE can initiate RTT measurement after handover, the target gNB can provide UE with the relevant resource information of RTT measurement during handover. Therefore, we think it is necessary for RAN3 to discuss the above issues. 
Proposal 2:  RAN3 confirms whether the target gNB needs to provide the UE with configuration information for RTT measurement during the handover.
Based on the above analysis, we think that we need to add the Uu time synchronization error budget in TS38.473. We provide the text proposal for TS 38.473 in [3].
[bookmark: OLE_LINK1]Conclusions
In this contribution, we make the following observations and proposals:
Observation 1: For unicast, the gNB-CU can send the minimum Uu time synchronization error budget (e.g. the most rigorous budget) of multiple UEs to the gNB-DU, and gNB-DU reports the reference time with the minimum budget based on the gNB-CU request. 
Observation 2: For broadcast, the Uu time synchronization error budget can be decided in gNB-DU by OAM.
Proposal 1: For F1AP, the gNB-CU notifies the gNB-DU of the Uu time synchronization error budget information through the REFERENCE TIME INFORMATION REPORTING CONTROL message.
Proposal 2:  RAN3 confirms whether the target gNB needs to provide the UE with configuration information for RTT measurement during the handover.
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