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Introduction
In RAN 1 # 106be meeting, the following agreements were made:
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 
· 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

[bookmark: _Ref465413974]This contribution discusses propagation delay compensation from RAN 1 perspective.  
TA based propagation delay compensation
In RAN 4 #101 meeting, the following agreements were made for the two questions in RAN 1 LS:
· Agreements
· There is no consensus in RAN4 whether it is feasible to support a smaller value than the current Te assuming the existing conditions in TS 38.133 for Te requirement
· Agreements
· It is feasible to support a smaller Te value than the current Te for the use of propagation delay compensation under assumption of using TRS (or other RS used for Te estimation) instead of SSB 
· Smaller Te can be achieved when TRS (or other RS) bandwidth is larger than SSB bandwidth 
· Smaller Te can be achieved for UE is operating in RRC_CONNECTED mode
· FFS whether a smaller Te can be achieved for the first transmission in the DRX cycle
· Further check with RAN1 if presence of TRS (or other RS) can be guaranteed during the DRX OFF
· Support of Smaller Te can be defined as an optional Rel-17 capability and should not apply to all UEs

Based on RAN 4 agreement, it is feasible to support a smaller Te value than current Te value with TRS (or other RS) when the bandwidth is larger than SSB bandwidth.  In RRC connected mode, even in DRX OFF, UE can still receive TRS if needed.  
In RAN 1#106be meeting, Alt. 1 was agreed for TA based evaluation:   
· Alt. 1: 



Similarly, Alt. 1 was agreed for RTT- based evaluation:   

· 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

For both RTT based method and TA based method, the time error for UL and DL detection can be calculated by the bandwidth of the reference signal. Table 1 compares the error for two different method. Taking 1/4 Te and 1/16 of current TA indication error in the calculation for TA based method. The total error is about 117ns for 30kHz SCS with 132 PRB/176 PRB for DL/UL reference signal, and about ~265ns for 15KHz SCS with 132 PRB/176 PRB for DL/UL reference signal.  
The total error for RTT based is about 94ns for 30kHz SCS with 132 PRB/176 PRB for DL/UL reference signal, and about ~115ns for 15kHz SCS with 132 PRB/176 PRB for DL/UL reference signal. However, the actual total error for RTT based may depends on the final performance in fading channel, i.e., will be larger than current values. 
Comparing with TA-based method and RTT based method, the main different of the error is from Te. In our understanding, the Te is from Dl estimation error and UL 

Observation #1:  The bandwidth of the reference signaling for UL and DL timing estimation has big impact to the total estimation error. 
Observation #2: TA based solution with smaller Te(e.g., 1/4 of current value) and finer indication granularity, the requirement for control to control (i.e. ) case can be met.

Based on above observation, if the feedback from RAN4 shows that it is possible to reduce to 1/4Te with finer indication granularity, TA-based method can be adopted for propagation delay compensation. The enhanced Te requirement can be based on TRS, and assuming gNB will estimate SRS for UL timing. 
Proposal #1: If the feedback from RAN4 shows that it is possible to reduce to 1/4Te with finer indication granularity, TA-based method is adopted for propagation delay compensation. Otherwise, RTT based method is adopt.
Proposal #2: If TA based method is adopted, TRS is used as DL reference signal and SRS can be used for UL reference signal. 

Table 1
	Each component
	TA based with smaller Te
	Each component
	RTT based

	 
	65ns
	 
	65ns

	 
	BW≥ 132  30k SCS
8ns
	  
	BW≥ 132  30k SCS
8ns

	
	BW ≥132 15k SCS
21ns
	
	BW ≥132 15k SCS
21ns

	
	8*64*Tc(i.e. 260ns/391ns)
[can be smaller based on RAN 4 agreement, and take 260ns/4 for calculation 
	
	BW≥ 132  30k SCS
44Ts (22 ns)

	
	
	
	BW≥104 15k SCS
68Tc (i.e.  34ns)

	
	BW≤176  30k SCS
7ns
	
	BW≤176  30k SCS
8Tc (i.e. 4ns)

	
	BW≤176 15k SCS
16ns
	
	

	
	
	
	BW≤176  15k SCS
15Tc (i.e.  8ns)

	 
	8*64*Tc/2 (260ns for 15kHz, 130ns for 30kHz)
might be reduced to e.g., 
 (1/16)* (16*64*Tc/2)
32ns~16ns
	 
	32Tc(i.e. 16ns)

	Total
	117ns for 30kHz SCS
 ~265 ns for 15kHz SCS
	Total
	94ns for 30kHz SCS
  ~115ns for 15kHz SCS




Conclusions
This paper discussed the propagation delay compensation. Based on the analysis, we propose to make the following observation and proposal:
Observation #1:  The bandwidth of the reference signaling for UL and DL timing estimation has big impact to the total estimation error. 
[bookmark: _GoBack]Observation #2: TA based solution with smaller Te (e.g., 1/4 of current value) and finer indication granularity, the requirement for control to control case can be met.
Proposal #1: If the feedback from RAN4 shows that it is possible to reduce to 1/4Te with finer indication granularity, TA-based method is adopted for propagation delay compensation. Otherwise, RTT based method is adopt.
Proposal #2: If TA based method is adopted, TRS is used as DL reference signal and SRS can be used for UL reference signal. 
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