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1. Introduction
During the IIoT study item, RAN1 has evaluated the achievable time synchronization accuracy over Uu interface [1]. The analysis from RAN1 shows for large cell deployments (e.g. for inter-site distance > 200m), the propagation delay compensation needs to be applied by the TSN UEs. However, from RAN2’s perspective, it is not clear what method did RAN1 assume for propagation delay compensation in their evaluation. In RAN2#106 meeting, a LS [2] has been sent to RAN1 to inquire about their method for propagation delay compensation. Currently, RAN1 has sent a reply LS [3] as a response to RAN2’s LS [2]. In the reply LS, RAN1 stated that TA based method has been used for the time synchronization accuracy analysis. But how and when to apply the compensation in the UE is still an open question.
In this contribution, we provide our opinion on propagation delay compensation from RAN2’s perspective.
2. Discussion
In the LS [2] sent to RAN1, the following questions were asked:
	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?


In the replied LS [3], RAN1 replied as follows:

	RAN1 discussed Q1, and would like to provide the response:

•
Timing Advance based methods were used to obtain propagation delay compensation for the time synchronization accuracy analysis captured in Sec. 6.3.2.4. of TR 38.825. The evaluations assumed that the timing advance value is used by the gNB to align the reception timing of UEs’ UL transmission with the DL timing at the gNB.


Based on RAN1’s reply, it can be seen TA based methods have been used to obtain propagation delay compensation during their analysis. RAN1 also discussed the need for specifying any propagation delay compensation enhancements requested in Q2 of LS [2]. The conclusion is RAN1 sees no need for additional enhancements in Rel-16.

Observation: RAN1 sees no need for additional enhancements in Rel-16 in order to meeting the synchronization requirements.

However, how and when to apply propagation delay compensation, i.e. TA/2, is still open, and it could be decided from RAN2 perspective. Considering both RAN2’s discussion [4] and RAN1’s discussion [5], the following options have been proposed:
Option-1: left to UE implementation.
Option-2: UE always applies propagation delay compensation.
Option-3: based on gNB configuration (UE compensates if configured by gNB).

Option-4: up to network implementation (perform pre-compensation on the network side).
For option-1, the actual UE behaviour is undefined. It is possible that UE may not apply propagation delay compensation even if the inter-site distance is larger than 200m, which may lead to synchronization accuracy unfulfilled. 
With regard to option-2, propagation delay compensation is always needed for large cell deployments. For dense small cell deployments, propagation delay compensation is not required.  One may argue that applying the compensation will lead to inferior synchronization accuracy performance in such scenarios. It should be noted that, based on RAN1’s analysis, a gNB-to-UE synchronization accuracy no worse than 540ns can be achieved with applying propagation delay compensation even for dense cell deployments. The overall synchronization accuracy requirement, i.e. 1us, can always be satisfied. There might be some cost with applying compensation even for dense cell deployments, network configurations and UE actions accordingly, based on inter-site distance, are needed.
For option-3, gNB can control if UE should apply compensation. For example, for UEs being close to the gNB, gNB can indicate such UEs to not perform compensation.  While for UEs being far from the gNB, gNB will indicate such UEs to apply compensation. It is not clear though what conditions should be used when gNB determines UE applying compensation or not. If a common cell radius is used, all UEs located within one large cell should be indicated to perform compensation. This would be the same as for option-2. If individual gNB-to-UE distance is used, the indication may need to be frequently updated to the UE when a UE moves around. This may incur extra signalling overhead. Besides, how to determine the gNB-to-UE distance could be difficult. Further, an indication signalling should be designed for such operation, which requires additional RAN2’s standard effort. Compared with option-2, this option is more complicated, however without clear benefits.
As for option-4, it can only be used with unicast reference time delivery. For broadcast reference time delivery, the reference time in broadcast message is targeted for all UEs within the cell. These UEs may have different gNB-to-UE distances and different TA values. Thus no compensation value should be added to the reference time in the broadcast message. In such case, if a UE is far from the gNB and relies on broadcast reference time delivery to implement time synchronization, the synchronization accuracy requirement may be unfulfilled. Hence if option-4 is adopted, broadcast reference time delivery is not suitable for large cell deployments. We think the effectiveness of option-4 is restricted and not preferred.
Based on the above considerations, we think option-2 shall be preferred, namely UE always performs propagation delay compensation when performing accurate time synchronization.

Proposal: UE always compensates propagation delay when performing accurate time synchronization.

3. Conclusion
In this contribution, we proposed our opinion on propagation delay compensation and made the following observation and proposal:
Observation: RAN1 sees no need for additional enhancements in Rel-16 in order to meeting the synchronization requirements.
Proposal: UE always compensates propagation delay when performing accurate time synchronization.
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