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1	Introduction
For the IIoT/URLLC work item [1], one objective is to specify propagation delay compensation enhancements for support of time synchronization. 
Since RAN1#102-e, RAN1 has been discussing two options for propagation delay compensation: TA-based method and RTT-based method.  However, so far no decision has been made to specify a method for Rel-17. With only two RAN1 meetings remaining for the work item, it is imperative that RAN plenary provides guidance on the method selection, so that the work item can be completed on time. 
[bookmark: _Ref178064866]2	Propagation delay compensation enhancements
2.1	Progress at RAN1/RAN2/RAN4
One goal of the IIoT/URLLC work item [1] is shown below, which involves RAN1/RAN2/RAN3/RAN4.

	4. Enhancements for support of time synchronization:
1. RAN impacts of SA2 work on uplink time synchronization for TSN, if any. [RAN2]
1. Propagation delay compensation enhancements (including mobility issues, if any). [RAN2, RAN1, RAN3, RAN4]



While RAN1 has made an agreement in RAN1#102e to consider two options for propagation delay compensation. No decision has been made as far as which option to specify for Rel-17.  The latest agreements made at RAN1, RAN2, and RAN4 are shown in the Appendix.
For the TA-based method, an LS has been sent from RAN1 to RAN4 at the end of RAN1#106-e. However, no response can be expected from RAN4 at least after RAN4 November meeting. Thus for the remaining two RAN1 meetings, likely RAN1 cannot have input from RAN4, and RAN1 has to complete the Work Item based on currently available information. 
	· RAN1 has 2 meetings remaining in 2021:
· October: RAN1#106-bis-e, October 11-19
· November: RAN1#107-e, November 11-19 
· RAN4 has one meeting remaining in 2021:
· November: RAN4#101-e, November 01-12



For the RTT-based method, RAN1 has made progress in RAN1#106-e [3]. However, all the RTT-related agreements are conditional, i.e., with phrase like “if RTT-based propagation delay compensation is supported”. This uncertainty makes it difficult for RAN2 to proceed with their work. RAN2#115-e has the following agreement:
3. RAN2 shall wait for RAN1 to decide the measurement framework for RTT based PDC method and does not preclude UE-side PDC or gNB based pre-compensation at this point.  RAN2 is expecting guidance from RAN1 on what is needed.  

Without clear resolution of the method selection, RAN2 has no choice but to wait.
Thus it is necessary that RAN plenary provide guidance on the methods for propagation delay compensation, so that RAN1 and RAN2 can complete the work on time.
2.1	Way forward
For the TA-based method, it is unknown if it is feasible to reduce the error components Te and TA command indication granularity.  And if feasible, how much the error components can be reduced, and the conditions associated with the reduced error components. Thus RAN1 cannot proceed without response LS from RAN4 on the two error components.
[bookmark: _Toc347823812][bookmark: _Toc347823993][bookmark: _Toc347824244][bookmark: _Toc81609310]No progress can be made for TA-based method in RAN1 before receiving RAN4 response LS.

In the meantime, RAN1 should focus on making progress on the RTT-based method. Evaluations by RAN1 companies [6][7][8][9] have shown that RTT-based can satisfy the tighter synchronization requirement of the control-to-control scenario. Exemplary evaluation results of the total synchronization error of the RTT-based method is shown in Table 1.
Table 1. Total synchronization error of RTT-based method
	
	SCS = 15 kHz
	SCS = 30 kHz

	Huawei [R1-2107678]
	245 ns 
	179 ns

	CATT [R1-2106966]
	261.5ns 
	196.5ns

	Ericsson [R1-2106682]
	234.8 ns
	



Table 2. Synchronization requirement for a Single Uu interface
	Scenario
	Single Uu interface Budget

	Control-to-Control
	±145ns to ±275ns

	Smart Grid
	±795ns to ±845ns



Considering the discussion status at RAN1/RAN2/RAN3/RAN4, it is important that RAN plenary gives the guidance that RTT-based method should be adopted for Rel-17 time synchronization. Then RAN1 and RAN2 proceed to specify the necessary signalling and configuration in the remaining meeting time for Rel-17.

[bookmark: _Toc81611145]Adopt RTT-based method for Rel-17 time synchronization.

If RAN plenary does not converge on the adoption of the RTT-based method, then it is not realistic that RAN1/RAN2 can finish the task before WI closure. Specifically, no propagation delay compensation can be specified in Rel-17 to satisfy the requirement of the control-to-control use case. The only achievable goal is to enable propagation delay compensation for the smart grid scenario using the existing TA procedure, without any enhancement.
[bookmark: _Toc81611146]If RTT-based method is not adopted for Rel-17, modify the WID to: “b. Propagation delay compensation enhancements for smart grid scenario (including mobility issues, if any)”.

Conclusion
In the previous sections we made the following observations: 
Observation 1	No progress can be made for TA-based method in RAN1 before receiving RAN4 response LS.


Based on the discussion in the previous sections we propose the following:
Proposal 1	Adopt RTT-based method for Rel-17 time synchronization.
Proposal 2	If RTT-based method is not adopted for Rel-17, modify the WID to: “b. Propagation delay compensation enhancements for smart grid scenario (including mobility issues, if any)”.
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Appendix. Selected RAN1/RAN2/RAN4 Agreements
RAN1 Agreements
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). 


Agreement
Send LS to RAN4 to ask for feedback on the following questions:
· Question 1: Is it feasible to support a smaller value than the current Te for the use of propagation delay compensation, assuming the existing conditions in TS 38.133 for Te requirement? If not, is it feasible under new conditions (e.g. using TRS instead of SSB)? If the answer is yes, please also provide feedback on how much it can be reduced at most.  
· Question 2: Is it feasible to introduce enhanced TA command indication granularity? If the answer is yes, please also provide feedback on how much it can be reduced at most (e.g. reduced to (1/16)* (16*64*Tc/2)) similar as the granularity for Rel-16 IAB based on the Timing Delta MAC CE and related condition.
· Note 1: The alternatives in the working assumption achieved in RAN1#104bis-e together with the examples in Table 4.2-2 will be included in the LS to give some background for RAN4 
· Note 2: The agreement “both SCS 15 kHz and 30 kHz are assumed for both control-to-control and smart grid for evaluation of the time synchronization” achieved in RAN1#102-e will be included in the LS for RAN4 information also. 
· Note 3: Inform RAN4 that the enhancements on Te and TA command indication granularity for propagation delay compensation may or may not have impact on normal TA related procedure, depending on which candidate option for TA-based PDC is adopted. Note that this is just for RAN4 information. 
· Note 4: Whether RAN1 will introduce specification enhancements is still undetermined.
LS is endorsed in R1-2108635.


Agreement
SRS can be used for Rx – Tx time difference estimation at gNB side for RTT-based propagation delay compensation, if RTT-based propagation delay compensation is supported.

Agreement
If RTT-based propagation delay compensation is supported, 
· CSI-RS for tracking (TRS) can be used for Rx – Tx time difference estimation at UE side, if PRS is not configured for the UE.
· PRS can be used for Rx – Tx time difference estimation at UE side, if PRS is configured for the UE.  

Agreement
Send LS to RAN4 to ask for defining the following for RTT-based propagation delay compensation, if RTT-based propagation delay compensation is supported.   
· UE Rx-Tx time difference measurement accuracy errorUE,RxTxDiff based on CSI-RS for tracking
· gNB Rx-Tx time difference absolute accuracy errorUE,RxTxDiff based on SRS


Agreement
Support the following configurations for RTT-based propagation delay compensation, if RTT-based propagation delay compensation is supported.  
· At least one CSI-RS for tracking (TRS) configuration for Rx – Tx time difference estimation at UE side if PRS is not configured
· At least one SRS configuration for Rx – Tx time difference estimation at gNB side

Agreement
If RTT-based propagation delay compensation is supported and performed at the UE side, the Rx-Tx measurement report provided from the gNB to the UE should include at least:  
· gNB Rx-Tx time difference at a given granularity
· FFS whether to include SRS-Resource-ID


RAN2 Agreements
In RAN2#115-e, RAN2 made the following agreements:
Agreements
4. RAN2 assumes that gNB can perform pre-compensation.  RAN2 agrees to introduce signalling to enable/disable UE-side PDC.  
5. The gNB can enable/disable UE-side PDC via unicast-RRC signalling for Rel-17
6. RAN2 shall wait for RAN1 to decide the measurement framework for RTT based PDC method and does not preclude UE-side PDC or gNB based pre-compensation at this point.  RAN2 is expecting guidance from RAN1 on what is needed.  
7. UE Assistance information from the UE which could for example be used by gNB to activate PDC is not supported
8. Implicit activation of UE-side PDC when a pre-configured threshold is met is not supported
9. UE-based trigger for TA update or RACH procedure for PDC are deprioritized for Release 17


RAN4 Agreements
WF on RRM for NR IIoT and URLLC was agreed (R4-2115371).
-	If new Te requirements are agreed in the future, these should be captured in a compatible manner (no impact on legacy devices and UEs not supporting the feature).
-	RAN4 waits for the PDC enhancements progress in RAN1 before discussing further.
-	Further discuss the wordings for the definition of reference point/downlink timing based on ‘The downlink timing is defined as the time, when the first [detected] path in time of the corresponding downlink frame from the reference cell [arrives/is received] at the UE antenna.’
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