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[bookmark: _Ref165266342]Introduction
In RAN1#106 e-meeting, the equations on RTT-based method are discussed and the following agreements are achieved[1]. 
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: 
[image: ]
·  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: 
[image: ]
·  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

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
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
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

According to LS from RAN2, the suggested single Uu interface budgets are listed in the following table [2]

	Scenario
	Single Uu interface Budget

	Control-to-Control
	±145ns to ±275ns

	Smart Grid
	±795ns to ±845ns



In this contribution, we share our views on propagation delay compensation enhancements.
RTT-based method 
Details for RTT-based method
TA-based method has been studied and applied widely in NR and previous system. For RTT-based method, CSI-RS, SRS and PRS (if configured) can be used for Rx – Tx time difference estimation. The achievable accuracy and corresponding RS bandwidth need RAN4 evaluation and input. Generally, the large bandwidth or density of reference signal is beneficial to guarantee accuracy. In IIOT scenario, the larger bandwidth or density of reference signal may be required for all UEs if high accuracy delay compensation is needed. This leads to the higher overhead of reference signal, especially for UE specific reference signal. 
[bookmark: _Hlk61255817][bookmark: _Hlk54343642]Observation 1: For RTT-based method, the achievable accuracy and corresponding RS bandwidth need RAN4 evaluation and input. 
RTT-based timing error evaluation
For RTT-based method, propagation delay compensation can be performed at gNB side or at UE side. There is no obvious difference between these two methods. For compensation at gNB side, UEs report Rx-Tx time difference to gNB and gNB executes PDC, which may have the potential RAN3 impact. For compensation at UE side, UEs receive signalling of Rx-Tx time difference from gNB and execute PDC. The compensation at UE side has no RAN 3 impact compared to compensation at gNB side. 
In this section, taken RTT-based gNB compensation as an example, the total error for RTT-based PDC is 

The relation of transmitting and receiving signals for gNB and UE is shown in Figure 1. 


Figure 1 The relation of transmitting and receiving signals between gNB and UE
In Figure 1, 

Where,  can be represented by Rx-Tx time difference inaccuracy at UE side, i.e., .  can be represented by Rx-Tx time difference inaccuracy at gNB, i.e., .
When using  to estimate propagation delay, the uncertainties for PL are

Where is the error caused by the reporting granularity.
Then, the total uncertainties for RTT-based method can be derived by:
              (1)
According to the conclusion in RAN 4[3], ±[137+]ns is applied for  for 15kHz in fading channel based on TDL-A (30 ns delay spread, 5Hz) channel for FR1 and the discussion on  value is still open. We assume the PDC evaluation can base on FR1 firstly. However, even for FR1, the error is not determined for 30kHz case. 
For , only the accuracy requirements for AWGN propagation conditions are provided for both 15kHz and 30kHz. There are no available values for fading channel.
For , the error caused by the reporting granularity is from Tc to 32Tc according to TS38.133. Here we use 32Tc as  for evaluation. The inaccuracy due to the granularity of reporting the Rx-Tx time difference = 32*Tc = 16 ns. 
Parameters for RTT-based method are shown in Table 1 for both control-to-control and smart grid use case.
Table 1: RTT-based timing error in clock synchronisation
	[bookmark: _Hlk81816359]Factors
	Timing error type
	Requirement for different SCS (kHz)
(unit: ns)

	
	
	15 kHz
	30 kHz

	1.1
	Frame alignment error of gNB transmitter ()
	32.5
	32.5

	1.2
	Inaccuracy caused by UE detection ()
	100
	100

	1.3
	Difference between Rx and Tx at UE side 
	[137+], is FFS
	TBD in fading channel

	1.4
	Difference between Rx and Tx at gNB side 
	TBD in fading channel
	TBD in fading channel

	1.6
	Inaccuracy of reporting 
	16
	16


According to Table 1, we can observe some parameters are still not available for evaluation of RTT-based PDC, e.g.,
·  for 30kHz and  value for 15kHz 
· [bookmark: _GoBack] for fading channel
[bookmark: _Hlk61449622][bookmark: _Hlk61255828][bookmark: _Hlk78895909]Observation 2: For evaluation of RTT-based PDC, the following parameters should be determined:
·  for 30kHz and  value for 15kHz
·  for fading channel
Conclusions
Based on the analysis given above, we have the following Observations:
Observation 1: For RTT-based method, the achievable accuracy and corresponding RS bandwidth need RAN4 evaluation and input.
Observation 2: For evaluation of RTT-based PDC, the following parameters should be determined:
·  for 30kHz and  value for 15kHz
·  for fading channel
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