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1	Introduction
RAN1 sent R1-1909906 in response to R2-1908160 where R2-1908160 asked the following two questions:
	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?



RAN1 response in R1-1909906 is the following with some key parts highlighted:
	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. 

RAN1 further discussed the issues raised in Q2, and would like to provide the response:
· RAN1 further discussed when the propagation delay needs to be compensated as the studies captured in TR 38.825 had been performed with and without propagation delay compensation. RAN1 continues discussing when and how to apply propagation delay compensation including TDD operation aspects.	
· RAN1 discussed the need to define time synchronization accuracy requirements of the Uu interface (i.e. the maximum amount of uncertainty introduced when delivering a 5G system clock using RRC unicast or a SIB based method between gNB and UE as studied by RAN1 during the IIoT SI phase) and believes, that it is useful to define requirements and related UE test cases for the overall time synchronization accuracy of the Uu interface (and not just the propagation delay compensation). 
It is the RAN1 understanding, that for such requirements and/or the testing the existing NR physical layer specifications (incl. 38.215) cannot provide support for such requirements / testing. Moreover, the feasibility of defining related test cases for the UE overall is not clear to RAN1, which would need further clarification from RAN4 and RAN5. 

Question to RAN4 and RAN5: 
Does RAN4/RAN5 see it feasible to define performance requirements and related testing for time synchronization accuracy over Uu interface (i.e. between a gNB and a single UE)? Note: the time synchronization accuracy over Uu interface is on the order of hundreds of ns in order to achieve between sync master and device the time synchronization accuracy target of 1 µs.
· RAN1 discussed the need of Rel-16 enhancements in addition to propagation delay compensation to achieve a time synchronization error of less than 1µs as defined in TS 22.104. The achievable time synchronization accuracy over Uu interface in Sec. 6.3.2.4 of TR 38.825 is sufficient if following RAN2 analysis on the overall time synchronization accuracy from sync master to UE as captured in Sec. 6.3.5 of TR 38.825. As the evaluation results on timing synchronization accuracy of Sec. 6.3.2.4 of TR 38.825 can be achieved without additional Rel-16 enhancements in addition to the required propagation delay compensation support, RAN1 sees no need for additional enhancements in Rel-16. RAN1 may need to revisit the need of enhancements if the analysis / assumptions other than that of Uu interface deviate from those in Sec. 6.3.5 of TR 38.825 such that the clock synchronicity requirement cannot be satisfied.




Observation 1: RAN1 continues discussing when and how to apply propagation delay compensation. RAN1 evaluation results on timing synchronization accuracy (in Sec. 6.3.2.4 of TR 38.825) requires propagation delay compensation support.
2	Way forward on propagation delay compensation
For reference timing sent using unicast signalling, propagation delay compensation can be performed by gNB. Such “pre-compensation” has lesser UE implementation impacts and also should provide better synchronization accuracy since it is not limited by aspects such granularity of timing advance (that is 260 ns for 30 kHZ SCS) which limit propagation delay compensation by a UE.
Observation 2: Propagation delay compensation can be performed by gNB for reference timing sent using unicast signalling. It has fewer UE implementation impacts and is not limited by TA granularity.
Propagation delay compensation for unicast signalling in gNB can be left to gNB implementation. On receiving reference timing value in unicast, UE applies the received value and does not perform any additional propagation delay compensation.
Proposal 1: Propagation delay compensation for unicast signalling in gNB is left to gNB implementation. On receiving reference timing value in unicast, UE applies the received value and does not perform any additional propagation delay compensation. 
Propagation delay compensation is not required for many use-cases with small ISD. In such settings, inaccuracies in propagation delay compensation (e.g., due to TA granularity) itself can introduce errors and could lead to worse accuracy with propagation delay compensation than without such compensation. For instance, TA granularity for 30 kHz SCS is approximately 260 ns. Hence, average error when using TA based propagation delay compensation will be approximately 130 ns. In comparison, maximum propagation delay for a cell with coverage radius of 25 metres is just 83 ns.
Observation 3: For many use-cases with small ISD, propagation delay compensation is not required and could even lead to worse accuracy compared to use of no propagation delay compensation.
In light of the above observation, we propose that propagation delay compensation at UE for broadcasted reference timing should be configurable by base-station and such configuration should be possible on a per-UE basis. Further, such configuration should only be applicable for UEs that are capable of propagation delay compensation. Capability for propagation delay compensation can be signalled by a UE to gNB.
Proposal 2: Propagation delay compensation at UE for broadcasted reference timing should be configurable by base-station on a per-UE basis for UEs that are capable of propagation delay compensation.
On receiving reference timing value in system information broadcast, a UE capable of propagation delay compensation adjusts for the propagation delay based on the latest value of timing advance if the UE has been configured for propagation delay compensation.
Proposal 3: On receiving reference timing value in system information broadcast, a UE capable of propagation delay compensation adjusts for the propagation delay based on the latest value of timing advance if the UE has been configured for propagation delay compensation.
5	Conclusions
[bookmark: _Hlk6406644]Observations and proposals from above discussion are copied below.
Observation 1: RAN1 continues discussing when and how to apply propagation delay compensation. RAN1 evaluation results on timing synchronization accuracy (in Sec. 6.3.2.4 of TR 38.825) requires propagation delay compensation support.
Observation 2: Propagation delay compensation can be performed by gNB for reference timing sent using unicast signalling. It has fewer UE implementation impacts and is not limited by TA granularity.
Proposal 1: Propagation delay compensation for unicast signalling in gNB is left to gNB implementation. On receiving reference timing value in unicast, UE applies the received value and does not perform any additional propagation delay compensation. 
Observation 3: For many use-cases with small ISD, propagation delay compensation is not required and could even lead to worse accuracy compared to use of no propagation delay compensation.
Proposal 2: Propagation delay compensation at UE for broadcasted reference timing should be configurable by base-station on a per-UE basis for UEs that are capable of propagation delay compensation.
Proposal 3: On receiving reference timing value in system information broadcast, a UE capable of propagation delay compensation adjusts for the propagation delay based on the latest value of timing advance if the UE has been configured for propagation delay compensation.



