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1 [bookmark: _Ref1160581]Introduction
During RAN2 #103bis, RAN2 directed an LS to RAN1 [1] requesting to analyze the time synchronization accuracy achievable over Uu interface, and provide feedback on what the achievable time synchronization accuracy over Uu interface is, considering the synchronicity requirements of TSN networks as captured in TR 22.804.
[bookmark: _GoBack]Accordingly, RAN1 provided the response LS [2] on TSN requirements evaluation: “RAN1 has performed analysis on the achievable time synchronization accuracy over Uu interface. A timing synchronization error between a gNB and a UE no worse than 540ns is achievable based on the RAN1 agreed evaluation assumptions for Rel-15 NR with 15 kHz SCS. It is RAN1´s conclusion, that the synchronization accuracy is improved when using higher SCS. For small service areas with dense small cell deployments a propagation delay compensation by the UE would not be required. The propagation delay compensation needs to be applied by the TSN UEs for larger service areas with more sparse cell deployments (e.g. for inter-site distances > 200m the gNB-to-UE timing synchronization accuracy without propagation delay compensation may be worse than 1us). Note that the RAN1 analysis does not contain the effects of the granularity & accuracy of the absolute timing indication information by the gNB, which are outside of the RAN1 study scope.”
During RAN2 #106, another LS has been directed to RAN1, on propagation delay compensation for reference time information delivery [3], inquiring for the following information:
· Q1. What method did RAN1 assume for propagation delay compensation in their synchronization accuracy analysis in IIoT study (as per results captured in TR 38.825), e.g. was it Timing Advance based or based on another method?
· Q2. Does RAN1 see the need for specifying any propagation delay compensation requirements or enhancements in order to meet the synchronization requirements as studied in NR Industrial IoT SI?
Accordingly, in this contribution, we present our views on propagation delay compensation methods and any potential specification impact.
2 Review of Synchronization Accuracy Assessments 
RAN1 evaluated the achievable accuracy for the case without UE propagation delay compensation for various gNB-to-gNB inter-site distances (ISD) as well as for the case with UE propagation delay compensation, as the evaluation results are captured in TR 38.825. 
Accordingly, RAN1 identified, that the achievable time synchronization accuracy depends on the maximum gNB-to-UE distance. In cases with small ISD values, the UE would not need to compensate for any radio propagation delay between gNB and UE. As may be expected, it was observed that the achievable accuracy without propagation delay compensation becomes worse as the ISD increases, while in general better synchronization accuracy can be achieved for higher SCS. 
Overall, for small service areas with dense small cell deployments a propagation delay compensation by the UE is not required. The propagation delay compensation needs to be applied by the TSN UEs for larger service areas with more sparse cell deployments (inter-site distances >200m to achieve a synchronization accuracy better than 1us).
Accordingly, if a UE was to apply propagation delay compensation, a gNB-to-UE synchronization accuracy of 470ns to 540ns for 15 kHz SCS can be achieved independently of the ISD. The synchronization accuracy with propagation delay compensation improves for higher SCS (i.e. the higher the SCS, the better the accuracy).
Proposal 1
· Inform RAN2 of the following methodology that was used in RAN1 evaluations
· For scenarios with small ISD (e.g., indoor scenarios), no propagation delay compensation was assumed
· For scenarios with larger ISDs, propagation delay compensation based on timing advance estimate/indication was assumed 
3 Propagation Delay Compensation Methods 
It was agreed during RAN2#105bis meeting that propagation delay compensation may be needed for cell radiuses exceeding 200 m, which acknowledges what was already mentioned in RAN1 evaluation during SI phase (and as explained in the previous section). However, there was no consensus on whether any specifications work needs to be done for that:
	R2 assumes that some propagation delay compensation may be needed for distance > 200m. 
FFS what would be the method, e.g. based on current TA, and whether this can be left for UE implementation or something need to be specified.



Different mechanisms for propagation delay compensation and some of the related aspects were discussed during RAN2#105bis meeting, as well as on RAN2 email reflector.  
It has been a shared understanding that in certain scenarios (as also mentioned in the previous section) it may be possible to meet the current requirements on the timing accuracy by using a Rel-15 HRLLC-like signaling framework and relying on the UE-side estimation/compensation of the radio propagation delay. Particularly, leaving the compensation up to UE implementation and not specifying any enhancements in Rel-16 better suits the available time in this release, especially considering the lack of urgency for support of use case with larger ISDs and requiring very accurate reference time delivery.
As discussed in [4], various error components may be introduced from the corresponding UE's estimation of propagation delay. Such errors include the errors involved in the estimation due to TA indication error and DL reference timing error (i.e., impacts from TA command granularity and Te in propagation delay estimation).
At the cost of additional signalling overhead, it is also possible to consider specifying finer granularity of TA command to reduce the error contribution from TA indication granularity. Such approach can be a supplementary mechanism that aims to reduce the error contribution from TA indication granularity, only for the UEs which have valid TA information available to be used.
On the other hand, further enhancements to time synchronization accuracy in Rel-16 NR can also be considered, e.g., pre-compensation of the propagation delay at the gNB when transmitting the time reference information to connected mode UEs, via unicast signaling. Particularly, f it can be possible for the network to better estimate and (pre-)compensate for the propagation delay on a per-UE basis (when in RRC_CONNECTED) and use the UE-specific signalling to indicate and/or fine tune the indicated time reference. By not relying on estimation of propagation delay at the UE side (leaving it up to network implementation), such an approach also avoids the error components in the estimation of the propagation delay due to TA indication error and DL reference timing error (i.e., no impact from TA command granularity and Te in propagation delay estimation).
We note that, for such cases, it may also be beneficial to reduce the granularity of time reference indication from 0.25us.  However, the overall impact to signalling framework and overhead may need further considerations in RAN1 and RAN2 WGs.
Overall, it may be preferable for the network to estimate and pre-compensate for the propagation delay on per-UE basis when in RRC_CONNECTED, to avoid some of the error sources via DL prop delay estimation. When such pre-compensation is not available (i.e., as indicated by the network or for RRC_Idle UEs), then any propagation delay compensation may be left up to the UE.
Proposal 2
· Support pre-compensation on the network side and add the indication from the network to RRC connected UEs via RRC signaling that the time information was pre-compensated.
· For other cases (including RRC_Idle UEs and cases when network pre-compensation is not applied), any propagation delay compensation is up to UE implementation.

Proposal 3
· Specifying finer granularity of TA command so as to reduce the error contribution from TA indication granularity may be considered as a supplementary mechanism.		

4 Conclusions 
In this contribution, we discussed details on whether/how to realize propagation delay compensation for reference time information delivery in TSN scenarios, and we have the following proposal.
Proposal 1
· Inform RAN2 of the following methodology that was used in RAN1 evaluations
· For scenarios with small ISD (e.g., indoor scenarios), no propagation delay compensation was assumed
· For scenarios with larger ISDs, propagation delay compensation based on timing advance estimate/indication was assumed 
Proposal 2
· Support pre-compensation on the network side and add the indication from the network to RRC connected UEs via RRC signaling that the time information was pre-compensated.
· For other cases (including RRC_Idle UEs and cases when network pre-compensation is not applied), any propagation delay compensation is up to UE implementation.

Proposal 3
· Specifying finer granularity of TA command so as to reduce the error contribution from TA indication granularity may be considered as a supplementary mechanism.	
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