3GPP TSG RAN WG1 #107-e			R1-2111251
e-Meeting, November 11th – 19th, 2021

Source:	CATT
[bookmark: Title]Title:	Discussion on propagation delay compensation enhancements
[bookmark: Source]Agenda Item:	8.3.4
[bookmark: DocumentFor]Document for:	Discussion and Decision

1. [bookmark: _Ref521334010]Introduction
In the RAN1 #106b-e meeting, enhancements for time synchronization in Rel.17 IIOT/URLLC were discussed. Some agreements were made as below [1].
[bookmark: OLE_LINK11]Agreement
For evaluation of the overall time synchronization error for RTT-based propagation delay compensation,
· Alt.1 for RTT-based PDC

Agreement
For evaluation of the overall time synchronization error for TA-based propagation delay compensation,
· Alt.1 for TA-based PDC

Agreement
For evaluation of the overall time synchronization error for RTT-based propagation delay compensation with Alt.1, it is assumed that 
· [bookmark: OLE_LINK3]The UE Rx-Tx time difference measurement accuracy based on PRS defined in Table 10.1.25.2-2 in TS 38.133 v17.3.0 is taken as the reference for the UE Rx-Tx time difference measurement accuracy 
· The gNB Rx-Tx time difference accuracy based on SRS for positioning defined in Table 13.2.2.2-1 in TS 38.133 v17.3.0 is taken as the reference for the gNB Rx-Tx time difference accuracy based on SRS for PDC 

Agreement
For RTT-based PDC, only a single pair of CSI-RS for tracking (TRS)/PRS and SRS configuration, i.e. one CSI-RS for tracking (TRS)/PRS configuration for Rx – Tx time difference estimation at UE side and one SRS configuration for Rx – Tx time difference estimation at gNB side, is configured for PDC in Rel-17, if RTT-based PDC is supported.
 
Agreement
If RTT-based propagation delay compensation is supported and performed at the gNB side, the Rx-Tx measurement report provided from the UE to the gNB should include at least:  
· UE Rx-Tx time difference at a given granularity
 
Conclusion
When evaluating enhanced TA-based PDC, there is no need to replace Te by TA adjustment error.

Agreement
Send an LS to RAN2 and CC RAN4 with the content including:  
· The latest available status on PDC methods in RAN1, e.g. key agreements achieved for TA-based PDC and RTT-based PDC. 
LS is endorsed in R1-2110647.

Agreement
For evaluation and comparison of enhanced TA-based PDC and RTT-based PDC, the timing detection error = 0.5/(RS BW) = 0.5/(N_PRB*12*SCS) can be used to achieve  and , if needed in the evaluation equation separately, where N_PRB is the number of PRBs of the RS bandwidth used in the detection by UE and gNB, respectively.
· Note: Detection error achieved by evaluations is not precluded if available. 

Agreement
If enhanced TA-based PDC with reduced Te based on TRS is supported in Rel-17, one CSI-RS for tracking (TRS) configuration is configured for enhanced TA-based PDC.
· FFS whether/how to configure UL signal for enhanced TA-based PDC 
 
Agreement
If enhanced TA-based PDC with enhanced TA command indication granularity is supported in Rel-17, 
· The enhanced TA command indication granularity introduced for enhanced PDC is applied for PDC purpose, which doesn’t have impact on normal TA procedure, i.e. normal TA procedure will still follow the existing TA command indication granularity. 
 
Agreement
If RTT-based propagation delay compensation is supported, the Rx-Tx time difference is reported with granularity 2k*Tc, where k is an integer satisfying 0<=k<=5.   
· FFS the value of k
· FFS the reporting range of Rx-Tx time difference measurement for PDC

In this contribution, we further provide our considerations on the evaluation on overall error of the time synchronization and the propagation delay compensation enhancements.
2. Discussion
Based on the agreement in the RAN1 #106b-e meeting [1], Alt.1 for RTT-based PDC was agreed for evaluation of the overall time synchronization.
Alt. 1: 
[image: ]

For evaluation of the overall time synchronization error for RTT-based propagation delay compensation with Alt.1, it is assumed that 
· The UE Rx-Tx time difference measurement accuracy based on PRS defined in Table 10.1.25.2-2 in TS 38.133 v17.3.0 is taken as the reference for the UE Rx-Tx time difference measurement accuracy 
· The gNB Rx-Tx time difference accuracy based on SRS for positioning defined in Table 13.2.2.2-1 in TS 38.133 v17.3.0 is taken as the reference for the gNB Rx-Tx time difference accuracy based on SRS for PDC. 
The measurement accuracy in above tables in TS 38.133 is dependent on the bandwidths of the PRS/SRS. For 15 kHz SCS, we use the max value (± [180+] Tc) to evaluate UE Rx-Tx time difference and we use the max value (123 Tc) to evaluate gNB Rx-Tx time difference. For 30 kHz SCS, we use the max value (± [87+] Tc) to evaluate UE Rx-Tx time difference and we use the max value (42 Tc) to evaluate gNB Rx-Tx time difference.
Based on the agreement in the last meeting, the Rx-Tx time difference is reported with granularity 2k*Tc, where k is an integer satisfying 0<=k<=5. For evaluation purpose, we assume the maximum granularity of Rx-Tx time difference, i.e., = 32*Tc = 16 ns. 
In TS 38.133 accuracy tables,  is margin and is FFS. And the accuracy requirements for gNB Rx-Tx time difference measurement shall be within ±(X+Y) Tc under the following conditions: AWGN propagation conditions. There is no table for the fading propagation conditions. If we don’t consider the margin  and the parameter Y, the overall time synchronization error for RTT-based propagation delay compensation based on Alt. 1 assuming indication granularity of Rx-Tx time difference of 16ns is provided in Table 1. If  and Y are determined by RAN4 later, the evaluation results can be further updated.
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Table 1: time synchronization error based on RTT-based estimation for one Uu interface
	Item
	15kHz SCS
	30kHz SCS

	
	32.5ns
	32.5ns

	
	100ns
	100ns

	
	61.5ns
	21ns

	
	90ns
	43.5ns

	
	16ns
	16ns

	Errortotal 
	216.25ns
	172.25ns


Observation：RTT-based PDC can meet the upper bound (i.e. ±275 ns) of Uu interface synchronicity error budget for control-to-control scenario without considering the margins.
If RTT-based propagation delay compensation is supported, the Rx-Tx time difference is reported with granularity 2k *Tc, where k is an integer satisfying 0<=k<=5. The value of k needs to be determined. The selection of k is a trade-off between accuracy and reporting overhead. It is preferable that the value of k can be configurable.
The reporting range of gNB Rx-Tx time difference, as defined in Clause 5.2.3 of TS 38.215, is defined from -985024Tc to +985024Tc. We think there is no need to change it for PDC. 
Proposal 1: The value of k is configurable.
Proposal 2: The reporting range of Rx-Tx time difference measurement defined in Rel-16 is reused for PDC.
3. Conclusion
In this contribution, we discuss about the TSN supported by 5GS with the following observation and proposals.
Observation：RTT-based PDC can meet the upper bound (i.e. ±275 ns) of Uu interface synchronicity error budget for control-to-control scenario without considering the margins.
Proposal 1: The value of k is configurable.
Proposal 2: The reporting range of Rx-Tx time difference measurement defined in Rel-16 is reused for PDC.
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