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1. Introduction
[bookmark: OLE_LINK655][bookmark: OLE_LINK656]RAN3#111-e discussed propagation delay compensation. The chairman notes indicated further discussion was needed. 
· An LS to RAN1/RAN2 only indicating that gNB-based PDC has RAN3 impacts without any tendentious statements on solution decision, the detail of the wording is FFS.
· Wait for reply LS from RAN1 and RAN2, before further discussing gNB-based PDC.
This paper intends to give the progress of the time synchronisation enhancement in other groups.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]2. Discussion
In RAN1#102-e meeting, RAN1 discussed propagation delay compensation enhancements and the following agreements were achieved on the representative use cases for further study in Rel-17 in [1]:
	Agreements:
· The following options for propagation delay compensation are further studied in RAN1  
· Option 1: TA-based propagation delay
· Option 1a: Propagation delay estimation based on legacy Timing advance (potentially with enhanced TA indication granularity).
· Option 1b: Propagation delay estimation based on timing advanced enhanced for time synchronization (as 1a but with updated RAN4 requirements to TA adjustment error and Te)
· Option 1c: Propagation delay estimation based on a new dedicated signaling with finer delay compensation granularity (Separated signaling from TA so that TA procedure is not affected)
· Option 2: RTT based delay compensation:
· Propagation delay estimation based on an RAN managed Rx-Tx procedure intended for time synchronization (FFS to expand or separate procedure/signaling to positioning). 



Based on the RAN1 agreements, RAN2#112-e meeting has discussed and agreed to focus on the scenarios from the two representative use cases agreed in RAN1 (control-to-control given in the following figure and smart grid): 
	· Control-to-Control: In the control-to-control communication use case, where TSC devices behind a target UE are synchronized to any Time Domain, from a GM behind the UE. The 5GS introduced error is caused by the relative time-stamping inaccuracies at the involved DS-TTs.
· Smart Grid: In the smart grid use case, where the TSC devices behind a target UE are synchronized to the 5G GM Time Domain. The 5GS introduced error is caused by the synchronization of the 5G clock to the DS-TT. 



[image: ]
Figure 1. Illustration of the control-to-control scenario to consider.

RAN2 also assumes that two Uu interfaces are involved in the Control-to-Control scenario and one Uu interface is involved in the Smart Grid scenario. The agreed synchronicity budget per Uu interface is tabulated below, where the UE-UE synchronicity budget could be from ±145ns to ±275ns. 
	Scenario
	Single Uu interface Budget

	Control-to-Control
	[bookmark: OLE_LINK29]±145ns to ±275ns

	Smart Grid
	±795ns to ±845ns



RAN1#104-e and RAN1#104bis-e has evaluated the DL propagation delay estimation error for TA based and RTT based propagation delay compensation after receiving the RAN2 input including the scenarios and Uu synchronicity budget, and agreed to further study and specify the feasible enhancement for the propagation for control-to-control scenario. 
Specifically, RAN1#104bis-e has made the following agreements. RAN1 will finalize the PDC option based on the RAN4 reply to RAN1 LS R1-2102245. 
	Agreements:
· Observation 1: Propagation delay compensation based on existing Rel-15/Rel-16 TA procedure and associated granularity, with no enhancements in RAN1, is sufficient for meeting the Uu interface synchronicity error budget in LS R2-2010837 for the smart grid scenario.  
· Observation 2: RAN1 needs to further study and specify the feasible enhancement (if any with RAN1 spec impact) for propagation delay compensation for control-to-control scenario, in order to meet the synchronicity budget of Uu interface in LS R2-2010837. 



Observation 1: The propagation delay compensation enhancements for R17 is necessary for Control-to-Control scenario.
As specified above, there are two propagation delay compensation mechanisms as follows. 
· TA-based propagation delay
[bookmark: OLE_LINK9]For the network based propagation delay, in the CU/DU split case,  the DU may need to signal the exact propagation delay value to the CU, so that the CU can send the dedicated 5G time to the UE. Alternatively, the DU can signal the dedicated 5G time to the CU after the PD compensation for the UE, then the CU can send it to the UE.
· [bookmark: _GoBack]RTT-based propagation delay
[bookmark: OLE_LINK11]For the network based propagation delay, in the CU/DU split case, RAN3 needs to discuss whether the CU or DU performs the PD compensation based on the DU side Rx – Tx time difference and UE side Rx – Tx time difference. 

Observation 2: Network based propagation delay compensation mechanism has impact on RAN3. 
Currently it is not clear which node (gNB-DU, gNB-CU or UE) will conduct PD compensation and which propagation delay compensation is adopted by other groups, RAN3 can postpone the PDC discussion until other groups decide the final PD Compensation mechanism and the PD compensation node.

Proposal 1: [bookmark: OLE_LINK642]RAN3 can postpone the discussion on propagation delay compensation until RAN1 decides the final PD Compensation and RAN2 decides the PD compensation node.

[bookmark: _Toc423019950][bookmark: _Toc423020279][bookmark: _Toc423020296]3. Conclusion
Based on the discussion in this paper, we propose the following:
[bookmark: OLE_LINK643]Observation 1: The propagation delay compensation enhancements for R17 is necessary for Control-to-Control scenario.
Observation 2: Network based propagation delay compensation mechanism has impact on RAN3. 
Proposal 1: RAN3 can postpone the discussion on propagation delay compensation until RAN1 decides the final PD Compensation and RAN2 decides the PD compensation node.
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