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1. [bookmark: _Ref521334010]Introduction
In the RAN1 #106-e meeting, enhancements for time synchronization in Rel.17 IIOT/URLLC were discussed. Some agreements were made as below [1].
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

Agreement
Take the following two alternatives as the equation for evaluation of the overall time synchronization error for RTT-based propagation delay compensation. RAN1 to select one of the alternatives in RAN1#106bis-e.
· Alt. 1: 
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·  is to reflect the error due to indication granularity of Rx-Tx time difference
·  and  reflects the measurement inaccuracy of gNB Rx-Tx time difference, and the measurement inaccuracy of UE Rx-Tx time difference, respectively. 
· Note: The equation may be updated after clarification on the gNB TX-RX timing difference and UE TX-RX timing difference
· Alt. 2: 
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·  is to reflect the error due to indication granularity of Rx-Tx time difference
· Note: Alt.2 assumes that gNB can coordinate the time of TA procedure and the time of PD compensation, so that the DL frame timing error and BS transmit timing error for propagation delay estimation is correlated to (e.g. the same as) that for the transmission of RRC signaling carrying the reference time clock
Note: FFS whether / how to handle inconsistent RTT measurement in gNB and UE due a change of uplink TX timing

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 #106-e meeting [1], two alternatives were agreed for evaluation on overall time synchronization error for RTT-based propagation delay compensation as follows:
Alt. 1: 
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Alt. 2: 
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For Alt. 1, the measurement inaccuracy of UE Rx-Tx time difference () based on TRS in case TRS is used for Rx-Tx time difference estimation at UE side is not defined in current RAN4 specifications. Otherwise if PRS and SRS are used for Rx – Tx time difference estimation at UE and gNB side respectively, it is not clear yet whether the measurement accuracy requirements defined in current RAN4 specifications can be directly reused. In addition, measurement accuracy requirements in RAN4 have not been finalized yet. Therefore, we evaluate the overall time synchronization error for RTT-based estimation based on Alt. 2. We cannot always assume that DL frame timing error and BS transmit timing error for propagation delay estimation is correlated to (e.g. the same as) that for the transmission of RRC signaling carrying the reference time clock and  according to the reply LS on UE transmit timing error from RAN4 [2], hence we evaluate the overall time synchronization error for RTT-based estimation according to the following equation:

The indication granularity of Rx-Tx time difference defined in Rel-16 TS38.133 ranges from 1*Tc to 32*Tc. The indication granularity of Rx-Tx time difference for Rel-17 RTT-based propagation delay compensation needs to be further discussed if supported. For evaluation purpose, we assume the maximum granularity of Tc, i.e., = 32*Tc = 16 ns. The evaluation results on time synchronization error based on RTT-based estimation for one Uu interface are shown in table 1.
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

	
	16ns
	16ns

	
	±390 ns
	±260 ns

	Errortotal 
	[-285. 5ns, 285. 5ns]
	[-220.5ns, 220.5ns]


Observation: The overall time synchronization error for RTT-based propagation delay compensation based on Alt. 2 assuming indication granularity of Rx-Tx time difference of 16ns is provided in Table 1.
[bookmark: _GoBack]It was agreed in RAN1#106-e meeting that 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 and FFS whether to include SRS-Resource-ID. In our view, SRS-Resource-ID should be included in the Rx-Tx measurement report provided from the gNB to the UE in order to pair the SRS and TRS (PRS) for a gNB Rx-Tx time difference. In addition, it is also beneficial for mitigating the Rx/Tx timing errors.
Proposal: The Rx-Tx measurement report provided from the gNB includes SRS-Resource-ID.
3. Conclusion
In this contribution, we discuss about the TSN supported by 5GS with the following observation and proposal.
Observation: The overall time synchronization error for RTT-based propagation delay compensation based on Alt. 2 assuming indication granularity of Rx-Tx time difference of 16ns is provided in Table 1.
Proposal: The Rx-Tx measurement report provided from the gNB includes SRS-Resource-ID.
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