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1	Introduction
In the last meeting, RAN2 discussed the Uu interface synchronization error budget, and the following results are achieved. Based on the agreed budget, this paper provides further views on PD (propagation delay) compensation from higher layer perspective.
------------------------------------------------------Excerpt from [1] ---------------------------------------------------------
The agreed synchronicity budget per Uu interface is tabulated below:

	Scenario
	Single Uu interface Budget

	Control-to-Control
	±145ns to ±275ns

	Smart Grid
	±795ns to ±845ns



These values are determined with assumptions such that network-side synchronization for Control-to-control is based on gPTP and Smart Grid is based on GNSS. The Uu interface time synchronization budget can be interpreted as the maximum 5GS time synchronization error between the UE and the gNB-DU. RAN2 agrees that the decision on PDC option is up to RAN1, and RAN1 should aim to meet the most stringent requirement among these scenarios, but a number within the range is also acceptable.
 -----------------------------------------------------End Of Excerpt-----------------------------------------------------------------------
[bookmark: _Ref178064866]2	Discussion
2.1 PD compensation with RTT method
In [2], a substantial discussion were done in RAN1 regarding which PD compensation method should be applied for each scenario. For control to-control communication use case, where TSC devices behind a target UE are synchronized to any TD, from a GM behind the UE (senario2), TA method (including enhanced TA) is hardly to satisfy the synchronization budget requirement, while RTT method is a promising candidate solution according to [2] (subclause 3.2), or [3][4] . Since it is up to RAN1 to decide which method should be adopted, we leave the detail analysis for RAN1. While RAN2 could start looking into RTT measurement from higher layer perspective. 
[image: ]
Figure1: PD estimation using RTT measurement concept 
In general, the RTT and propagation delay between UE and gNB can be calculated as following 
· RTT=t2-t1+t4-t3=t4-t1+t2-t3=(UE Rx-Tx time difference)+(gNB Rx-Tx time difference)
· Propagation delay= ((UE Rx-Tx time difference)+(gNB Rx-Tx time difference))/2

The UE Rx-Tx time difference measurement and gNB Rx-Tx time difference above are already specified by RAN1 in [5]. Also, UE Rx-Tx time difference measurement is specified both LPP and LTE RRC protocol. 
Regarding whether positioning sever (LMF) should be involved in RTT measurement, we think since LMF involvement would bring a lot of measurement delay in core network interface as it is being studied in positioning WI, for TSN PD compensation use case, using LMF triggered measurement should be avoided. 
In addition, currently only periodical UE Rx-Tx time difference measurement/reporting was specified in LTE RRC spec. Considering PD compensation is only needed when UE is far away from the gNB, periodically UE Rx-Tx time difference measurement reporting is also not efficient from power saving perspective, therefore event type UE Rx-Tx time difference measurement reporting could be introduced for TSN PD compensation use case.
Observation1: TA based PD compensation is hardly to satisfy control-to-control (scenario2) synchronicity budget, RTT method could be taken into account as a candidate solution instead.
Observation2: In LTE, the UE Rx-Tx time difference measurement is specified in both LPP and RRC spec. 
Observation3: LMF is not necessary to be involved in RTT calculation for TSN PD compensation use case. 
Observation4: In LTE spec, only periodical UE Rx-Tx time difference measurement reporting was specified, while event type UE Rx-Tx time difference reporting is also beneficial for TSN PD compensation use case.
Proposal1: RAN2 to introduce both periodical and event type UE Rx-Tx time difference measurement in NR RRC spec for TSN PD compensation use case.

2.2 PD compensation signalling
No matter whether TA or RTT based PD compensation is adopted, one open issue is whether network or UE to conduct the PD compensation. Another one is when UE should compensate the propagation delay. For the first issue, we consider UE based PD compensation could be a taken as a baseline, since PD is different in terms of different UE’s location, it is inefficient for gNB to do compensation processing for each UE in case there is a large number of UEs in the cell. While the merit for network based pre-compensation is higher compensation accuracy can be expected compared to UE(especially for some RedCap UEs). 
[bookmark: _GoBack]For second issue, the following two approaches can be considered. The Pros for Option1 is it can save additional signalling of delay compensation indication while the Cons is duplicated delay compensation by both UE and network may happen. The Pros for Option2 is the indication of delay compensation can be flexibly controlled by network and duplicated delay compensation can be avoided, while the Cons is additional signalling needs to be specified. Since cons of duplication PD compensation for option1 could be solved by network implementation (OFF the compensation function), thus option1 is more preferable.
Option1: A PD threshold could be pre-configured, if estimated PD is larger than the threshold, UE can conduct delay compensation autonomously. 
Option2: UE conduct the propagation delay compensation based on explicit indication from gNB.  
	
	Pros
	Cons

	Option1
	UE autonmously conduct propagtion delay compensation when estimated PD is larger than pre-confiugred PD threshold. No addtional signaling of explict indication is needed.
	Duplicated delay compensation by both UE and network may happen.

	Option2
	The indication of propagation delay compensation can be flexibly controlled by network.
Duplicated delay compensation by both UE and network can be avoided.
	Additional signaling for delay compensation indication is needed. 



Proposal2: A PD threshold is pre-configured for the purpose of propagation delay compensation. If the estimated PD is larger than the threshold, UE conduct the delay compensation autonomously. 
3. Conclusion
Based on the discussion in the previous sections, we made the following proposals: 
[bookmark: _In-sequence_SDU_delivery]Observation1: TA based PD compensation is hardly to satisfy control-to-control (scenario2) synchronicity budget, RTT method could be taken into account as a candidate solution instead.
Observation2: In LTE, the UE Rx-Tx time difference measurement is specified in both LPP and RRC spec. 
Observation3: In LTE, only periodical UE Rx-Tx time difference was specified, while event type UE Rx-Tx time difference reporting is also beneficial for TSN PD compensation use case.
Observation4: LMF is not necessary to be involved in RTT calculation for TSN PD compensation use case. 
Proposal1: RAN2 to introduce both periodical and event type UE Rx-Tx time difference measurement and reporting in NR RRC spec for TSN PD compensation use case.
Proposal2: A PD threshold is pre-configured for the purpose of propagation delay compensation. If the estimated PD is larger than the threshold, UE conduct the delay compensation autonomously. 
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