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1	Introduction
In RAN2#112-e meeting, RAN2 had a discussion on requirements of the propagation delay compensation and made the following agreements:
Agreements
1: RAN2 should consider the following three scenarios, with a focus on Scenario 2 and 3:
•	Scenario 1: In the control-to-control communication use case, where TSC devices behind a target UE are synchronized to any TD, from a GM behind the CN. The 5GS introduced error is caused by the relative time-stamping inaccuracy at the NW-TT and the DS-TTs.
•	Scenario 2: In the control-to-control communication use case, where TSC devices behind a target UE are synchronized to any TD, from a GM behind the UE. The 5GS introduced error is caused by the relative time-stamping inaccuracies at the involved DS-TTs.
•	Scenario 3: In the smart grid use case, where the TSC devices behind a target UE are synchronized to the 5G GM TD. The 5GS introduced error is caused by the synchronization of the 5G clock to the DS-TT. 
2	RAN2 should evaluate the synchronicity budget by dividing the 5GS E2E path into three parts: Network, Device, and Uu interface. Where the Uu interface is understood as the maximum 5GS time synchronization error between the UE and the gNB-DU (i.e. DU-CU interface error is not included)
3 RAN2 assumes the two Uu interfaces in Scenario 2 have the same time synchronization error budget.
4 The Uu interface budget for Scenario 1, 2 and 3 are respectively calculated as following:
•	Scenario 1: Uu budget = 900ns – Device – Network scenario1
•	Scenario 2: Uu budget = (900ns – 2xDevice – 2xNetwork scenario2)/2 (assumption is based on GPTP)
•	Scenario 3: Uu budget = 1000ns – Device – Networkscenario3 (baseline assumption that this is based on GNSS)
5  The Device part time synchronization accuracy budget is assumed to be in the range ±50 to ±100ns, this applies to all three scenarios
6  The error caused by the limited granularity of referenceTimeInfo-r16 IE (±5ns) is to be included in the network part budget, and RAN1 should be informed not to include this error in Uu interface.
7  The Network part time synchronization accuracy budget for Scenario 1, 2, and 3 are assumed to be the following:
•	Scenario 1: ±120 to ±200ns (NetworkScenario1) (assuming 3-5 hops worst case scenario
•	Scenario 2: ±240 to ±400ns (2xNetworkScenario2) (assuming 6-10hops worst case scenario)
•	Scenario 3: ±100ns (NetworkScenario3)
8	Based on Proposal 4, 5, 6 and 7, the per Uu interface time synchronization accuracy for Scenario 1, 2 and 3 are as following:
•	Scenario 1: ±595ns to ±725ns
•	Scenario 2: ±145ns to ±275ns
•	Scenario 3: ±795ns to ±845ns
9	LS to RAN1 providing the scenarios and values.  Indicate to RAN1 that they should aim to meet the most stringest requirements, but a number within the range is also acceptable
 10	It is up to RAN1 to decide which PDC options should be supported for Scenario 1, 2 and 3 in Release-17.   
In this contribution, we discuss other remaining issues on propagation delay compensation.
2	Discussion
The propagation delay compensation consists of the following three parts:
· Estimation of propagation delay
· Signaling of propagation delay
· Compensation
RAN1’s discussion is mainly for “estimation” based on the synchronization requirements which RAN2 provided in the last meeting. Thus, RAN2 discussion on signalling support with format in detail can be started after RAN1 conclusion.
Observation 1. Propagation delay estimation will be decided by RAN1. RAN2 work on signalling support can be started after RAN1 conclusion.
A RAN2 issue at this moment could be which entity performs the actual compensation. Propagation delay “compensation” is used for clock synchronization to 5G clock. In Rel-16, ReferenceTimeInfo indicating 5G clock information is signalled by gNB. UE adjusts the timing with the estimated propagation delay, and the propagation delay compensation is performed at UE side. In Rel-16, both the estimation and compensation are up to UE implementation, e.g. using half of TA value or proprietary UE solution. The objective of Rel-17 work is to enhance the accuracy of the propagation delay estimation, because UE can just apply the estimated value by either UE or NW side.
Observation 2. The objective of Rel-17 work is to increase the accuracy of the propagation delay estimation, because UE can just apply the estimated value by either UE or NW side.
In RAN2, there were some proposals for the compensation at gNB’s side, called pre-compensation. A benefit could be that UE does not need to be equipped with compensation function. However, Rel-16 IIOT already assumes UE applies the estimated value. The UE compensation is not a new function of IIOT UE. Thus, it is a correct understanding that IIOT UE should be always capable of propagation delay compensation.
Moreover, the pre-compensation can be used only for unicast delivery of ReferenceTimeInfo. It is clear that the pre-compensation cannot be used for broadcast delivery of ReferenceTimeInfo, whose clock information should be for a particular location of UE. In this context, the pre-compensation seems an additional mechanism which cannot replace the UE side compensation. We cannot assume the broadcast delivery of ReferenceTimeInfo is not used. Thus, UE should be able to perform the propagation delay compensation function anyway. Regarding the accuracy, we cannot say that pre-compensation outperforms.
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Therefore, we do not see any benefit of the pre-compensation.
Proposal 1. Propagation delay compensation is performed at UE side. gNB’s pre-compensation is not supported.
Considering UE’s mobility, propagation delay may vary dynamically. Assuming high synchronization accuracy, propagation delay compensation should consider mobility. Moving UE’s propagation delay may change frequently, depending on UE speed. Based on this assumption, different UE may need to update the estimated propagation delay with different periodicity.
Proposal 2. The signaling of the estimated propagation delay should consider UE speed.
Also, different UEs may have different synchronization accuracy. Some UEs may use UE’s compensation mechanism which is sufficient, not by the estimated value. Thus, gNB does not know which UE and how many UEs want to perform the propagation delay compensation with high accuracy. The information needs to be signaled from UE to gNB.
Proposal 3. UE requests the estimated propagation delay information from gNB.

3	Conclusion
The below proposals are made: 
Proposal 1. Propagation delay compensation is performed at UE side. gNB’s pre-compensation is not supported.
Proposal 2. The signaling of the estimated propagation delay should consider UE speed.
Proposal 3. UE requests the estimated propagation delay information from gNB.

