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Introduction
In RAN2#111-e meeting, the enhancements for support of time synchronization has been discussed [2], the following email discussion agreed:
[Post111-e][924][R17 URLLC/IIoT] Propagation delay for TSN (Nokia)
	1st phase: Agree on baseline scenarios and then for each scenario the high-level breakdown on the delay components and agree on assumptions.  Identify the aspects that RAN1 should investigate
	2nd phase: Identify the set of possible options to continue investigating and how they address each component 
	Intended outcome: report to next meeting
	Deadline: Long
[bookmark: OLE_LINK81]In this paper, we further analyze the synchronicity budget for Uu interface and the consideration of the propagation delay compensation. Besides, mobility issues are also analyzed.
Discussion
Synchronicity budget for Uu interface
In RAN1#102-e meeting, RAN1 already identified the two scenarios from TS 22.104 and sent LS to RAN2 [1]. In abovementioned RAN2 email discussion, the below time synchronization cases are analyzed: 
· For the Control-to-control communication for industrial controller scenario, including 2 cases : One is TSN device ->UE time synchronization case, the other is the uplink UE->UE time synchronization case, where TSC devices behind a UE are synchronized to a GM behind another UE.
· For the smart grid scenario, only consider the gNB->UE time synchronization. 
[bookmark: OLE_LINK84][bookmark: OLE_LINK85]In this email discussion, 4 PTP hops between 5G GM and gNB is assumed, the synchronicity budget between 5G GM and gNB is |160| ns based on RAN3 R16 assumption. 50ns synchronicity budget is assumed for a device. Based on RAN1 agreement, only the UE-UE time synchronization budget requirement should consider two Uu interfaces, and the following shows the Uu synchronicity budget is 240ns when the two UEs are under the different gNB/DU, the details is described in the following table.
	Use case
	Time synchronization scenario
	Synchronicity budget for one Uu interface(ns)

	Control-to-control communication
	1. TSN device-> UE 
(one Uu interface is assumed)
	900- 50(device) - 160(networkUPF-gNB)- 5= 685 

	
	2.UE->UE (Two Uu interfaces are assumed)
	(900- 50*2(device) - 160*2(network)-5*2) /2=235

	Smart Grid
	3.gNB-UE(one Uu interface is assumed)
	1000ns-50ns(device) - 160ns(networkGM-gNB)-5=785



[bookmark: OLE_LINK9]It shall be noted that assuming maximum 4 PTP hops for the network synchronicity budget is for the worst case. The network for synchronization error between a 5G GM and gNB is up to the implementation. If the number of PTP hops between 5G GM and gNB is reduced to e.g. 2 hops then the Uu synchronicity budget for the UE-UE case can be relaxed to 315ns. RAN2 can confirm on the number of PTP hops between 5G GM and gNB with RAN3 in the Reply LS to RAN1.
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]Observation 1: The synchronicity budget for UE->UE is 235ns or 315ns for 4 or 2 PTP hops network synchronization implementation; the synchronicity budget for a TSN device->UE is 685ns, the synchronicity budget for the Smart Grid is 785ns.
RAN1 in their LS asking for synchronicity budget for Uu interface for scenario 2 and scenario 3. 
Proposal 1: RAN2 send a response LS to RAN1 and CC to RAN3, the synchronicity budget for UE->UE is 235ns, or 315ns for 4 or 2 PTP hops network synchronization implementation, the synchronicity budget for the Smart Grid is 785ns.
Propagation delay compensation enhancements
As RAN1 R16 has performed analysis on the achievable time synchronization accuracy based on TA/2 compensation, a timing synchronization error between a gNB and a UE no worse than 540ns is achievable for Rel-15 NR with 15kHz SCS [3]. Base on the 2.1, the UE-UE synchronicity budget could be 235ns, thus Rel-15 NR cannot meet the UE-UE time synchronization requirement. Therefore the time synchronization accuracy should be improved with e.g. the propagation delay compensation enhancements.
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). 


We have the following analysis for the above options:
· Option 1: TA-based propagation delay
For option 1a，the enhanced TA indication granularity can bring reduced synchronization error with at most 130ns, which means the synchronization error can be reduced from 540ns to 410ns, the synchronicity requirement is still not met. That means Option 1b should be needed as an enhancement and works together with Option 1a. The feasibility of Option 1b should be evaluated by RAN4. For Option 1c, it is similar as option 1a, but independent on the TA procedure. Therefore, the combination 1c + 1b could be a workable solution if we don’t want to change TA procedure.
· Option 2: RTT based delay compensation
[bookmark: OLE_LINK88][bookmark: OLE_LINK89][bookmark: OLE_LINK90][bookmark: OLE_LINK91]The synchronicity precision of Option 2 is not constrained by the TA procedure, i.e. it can reduce the TA adjustment error and even Te. Therefore, this option may have higher synchronicity accuracy than Option 1. In Option 2, the corresponding Rx-Tx error is based on the adopted reference signaling which should be evaluated by RAN4. RAN1 may first study whether the legacy CSI-RS or TRS can be used for Rx-Tx measurement. On the other hand, if IIOT UE needs to support this function, the Rx-Tx measurement complexity will cause extra complexity for the UE. Compared with Option 1, Option 2 also require more standard effort which could be considerable. Therefore, we preferred Option 1 if Option 1 can achieve the required synchronization accuracy.
Besides the above propagation delay compensation enhancements, the NW pre-compensation can be alternative solution. For example, the network can first make the NW pre-compensation and send the time synchronization message to inform UE with dedicated signaling. This solution can eliminate the TA granularity error, TA adjustment error and Te.
Base the above analysis，RAN2 can discuss the propagation delay compensation enhancements to satisfy the time synchronization accuracy for uplink UE-UE synchronization in Rel-17, including NW pre-compensation and UE based propagation delay compensation.
Proposal 2: RAN2 can discuss the propagation delay compensation enhancements including Option 1a+1b,  Option 1c + 1b, Option 2, and the NW pre-compensation to satisfy the synchronicity budget for uplink UE-UE synchronization.
Mobility issues for propagation delay compensation
Considering the duration of handover may be hundreds of milliseconds, the 5G time maintained by the UE might lose its accuracy if no 5G reference time is received during such a long period. RAN2#111-e meeting has discussed this potential mobility issues where UE may lose the accuracy of its 5G reference time. Some enchantments are proposed, such as, the reference time of the target cell is included in the handover message which is sent to UE. 
However, even UE receives the reference time in the handover command, UE cannot use it until UE accesses to the target cell and receives the TA command for the propagation delay compensation. During a legacy handover, UEAssistanceInformation message, contained in the HO request message, will be transferred to the target gNB by the source gNB. The target gNB will be made aware of UE’s preference for 5G reference time, and send the time synchronization message to UE after receiving the “HANDOVER SUCCESS” message. We think this enhancement won’t bring much gain compared with the legacy procedure. 
[bookmark: OLE_LINK12]Observation 2: The propagation delay compensation enhancements for mobility scenario can be fulfilled through existing mechanisms.
Conclusion
Base on the analysis above, we propose the following observations and proposals:
Observation 1: The synchronicity budget for UE->UE is 235ns or 315ns for 4 or 2 PTP hops network synchronization implementation; the synchronicity budget for a TSN device->UE is 685ns, the synchronicity budget for the Smart Grid is 785ns.
Observation 2: The propagation delay compensation enhancements for mobility scenario can be fulfilled through existing mechanisms.
Proposal 1: RAN2 send a response LS to RAN1 and CC to RAN3, the synchronicity budget for UE->UE is 235ns, or 315ns for 4 or 2 PTP hops network synchronization implementation, the synchronicity budget for the Smart Grid is 785ns.
Proposal 2: RAN2 can discuss the propagation delay compensation enhancements including Option 1a+1b,  Option 1c + 1b, Option 2, and the NW pre-compensation to satisfy the synchronicity budget for uplink UE-UE synchronization.
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