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[bookmark: _Ref4817]Introduction
In RAN1#104-e, the following agreements were reached [1]. In this contribution, further discussion on the propagation delay compensation are presented.
	Agreements: Take ±100 ns as the assumption for downlink frame timing detection error (errorUE,DL,RX) at the UE for evaluation of the overall time synchronization error for TA based propagation delay compensation, if downlink frame timing detection error needs to be considered separately.
· Send a LS to RAN4 to ask for clarification on whether downlink frame timing detection error is included in Te or not
· In the LS, to include more details about option 1 (included) & option 2 (not included); also including the necessary background 
· FFS whether to apply the same value to RTT-based propagation delay compensation, and the corresponding condition (if any) if the same value will be applied
Draft LS (in v008) (R1-2102224) is approved. Final LS in R1-2102245



Discussion
Discussion on the method for time synchronization accuracy determination
The time synchronization accuracy should be the time clock offset between the network and the UE corresponding to a reference point. The UE obtains the time clock based on the reference time information from the network. For example, the network sends the reference time to the UE. The reference time is the time when the network sends the indicated or defined reference point. When the UE receives the reference time from the network, the UE can get the receiving time of the reference point by adding estimated propagation delay to the indicated reference time. The receiving time is the time when the UE receives the reference point. In general, the estimated propagation delay is half of the TA. Therefore, the accuracy of the calculated receiving time, as known as the accuracy of the Uu interface, can be reflected by the time offset between the calculated receiving time and the actual time when the UE receives the reference point. The actual time is the time clock of the network when the UE receives the reference point.
Observation 1: The accuracy of the Uu interface should be the maximum offset between the receiving time of the reference point calculated by UE and the actual time when the UE receives the reference point.
In RAN1#104-e, the following method was discussed to determine the time synchronization accuracy.
	Step 1: Discuss and determine high level error component(s) for signaling the reference time clock from gNB to UE (Note:  and  in this step is only for RRC signaling itself, i.e. if any of them needed for propagation delay estimation error it will be included additionally)  
· [bookmark: OLE_LINK38][bookmark: OLE_LINK39]BS transmit timing error for transmitting the RRC signaling containing the reference time clock     
· Downlink frame timing detection error for receiving the RRC signaling contacting the reference time clock    
·  DL propagation delay estimation error (details for this component as step 2 below)
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Step 2: Discuss and determine error component(s) for DL propagation delay estimation (i.e. )
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Assuming , the downlink propagation delay  is calculated as:
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Then the error of the downlink propagation delay  is:
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·  study the following two options (which option to choose depend on the reply from RAN4): 
· Option 1:  <= Te
· Option 2:  = Te and  considered separately 
Step 3: Determine the equation for evaluation of the overall time synchronization error. For example, 

 


For the method above, we understand that the TUE is the ideal time clock that the UE receives the reference point indicated by the network without considering any errors as shown in the upper part of the Figure 1 below. In other words, the reference point is ideal from the UE perspective. By taking into account all the error components, the estimated time clock is Therefore, it is determined that the time synchronization accuracy is the offset between them as shown in the Figure 1, i.e. the sum of the three high level error components. However, when taking the BS transmission timing error and the downlink frame detection error into account, it is impossible for the UE to detect the downlink reference point at TUE as shown in the upper part of the Figure 1. Therefore, the offset shown in the Figure 1 cannot represent the time synchronization accuracy of the Uu interface.


Figure 1 The example of the method
Observation 2: The sum of the three high level error components cannot represent the time synchronization accuracy of the Uu interface.
Considering that UE gets the time clock based on the time information from the network, it is straightforward to assume the reference time indicated by the network is ideal. In addition, it should be noted that the error of the indicated reference time has already been considered in RAN2 for TSN according to the reply LS from RAN2[2]. The time synchronization accuracy should be determined step by step as shown below. 
· Step 1: Determine the calculated time of the reference point by UE (i.e., estimated time clock)
The calculated receiving time is the indicated reference time plus the half the TA. If we assume the reference time indicated by the network is ideal, the calculated receiving timing only is affected by the TA accuracy in the analysis. It was agreed that TA adjustment accuracy and asymmetry between downlink and uplink channel are not considered. The errors affecting the TA accuracy include BS transmission timing error, the TA indication accuracy, initial transmission timing error and BS detection error. As shown in the lower part of the Figure 2, the estimated time of the reference point is =, where TBS is the time clock indicated by the network.


Figure 2 The method for determining the time accuracy
Observation 3: The estimated time of the reference point is , where the TA accuracy is affected by BS transmission timing error, the TA indication accuracy, initial transmission timing error and BS detection error.
· Step 2: Determine the actual time of the reference time
The BS transmission timing error may affect the DL signal transmission. Therefore it may affect the actual time that the UE receives the DL signal as well. In addition, the actual time that the UE receives the DL signal is also affected by the DL frame detection error at the UE. As shown in the upper part of the Figure 2, the actual time of the reference point is .
Observation 4: The actual time of the reference point is .
· Step 3: Determine the time synchronization accuracy
As discussed above, the time synchronization accuracy of the Uu interface is the difference between the calculated time of the reference point by UE and the actual time of the reference time. As shown in Figure 2, it should be 
abs ()
Observation 5: The time synchronization accuracy should be abs ().
Proposal 1: Adopt the following method to determine the time synchronization accuracy.
· Step 1: Determine the calculated time of the reference point by UE (i.e., estimated time clock), i.e., 
· Step 2: Determine the actual time of the reference time, i.e., 
· Step 3: Determine the time synchronization accuracy, i.e., abs()
In our understanding, the DL frame detection error is included in the initial transmission timing error defined by RAN4. Therefore, both of the BS transmission timing error and the DL frame detection error affect the TA accuracy and therefore the calculated time of the reference point. They also affect the actual time of the reference point. Thus, their effect should be aligned in the analysis for both calculated time and the actual time. For example, the BS transmitting timing error leads to the DL signal transmission is delayed in the analysis of the calculated receiving time. The same effect that the DL signal transmission is delayed should also be imposed on the analysis of the actual time. 
In practice, these listed errors above can be negative or positive. Figure 3 illustrates an example of maximum time offset between the calculated receiving time and the actual time when the UE receives the reference point. It can be seen that some of the time errors are positive and the others are negative in this case.
· Based on the assumption that the indicated reference time is ideal, in the example, the indicated reference time is t1 and the gNB wants to transmit DL signal to the UE at t1. In fact, the DL signal is transmitted by the gNB at t2 due to the gNB transmission time error (e1), where e1 is a negative error. It means that the gNB transmits the signal before the time that the gNB wants to transmits, i.e. t2 is before t1 as shown in the upper part of the Figure 3. It should be noted t1 is the reference time indicated by the network to the UE.
· After DL propagation, the DL signal arrives to the UE at t3, where t3-t2 is the DL propagation delay. Due to UE detection error (e2), the UE detects that the DL signal is received at t4, where e2 is a positive error so that t4 is after t3 as shown in the upper part of the Figure 1. 
· When the UE performs UL signal transmission, the initial transmission error (e3) and TA indication error (e4) should be taken into account, which leads to the UE transmits UL signal at t6, where e3 and e4 are positive errors so that t6 is after t4 as shown in Figure 1. It should be noted that the initial transmission error defined by RAN4 is relative to the ideal DL signal detection (i.e. t3). 
· After UL propagation, the UL signals arrives to the gNB at t7 with the assumption that UL propagation delay is equal to the DL propagation delay.
· Due to BS detection error (e5), the gNB detects that UL signal arrives at t8, where e5 is a positive error so that t8 is after t7 as shown in Figure 1. 
· In order to adjust the UE transmitting time such that the UL signals is aligned at the gNB, the TA should be t8-t1, i.e. 2PDL+e3+e4+e5-e1. Note: all the ex in the equation are the positive time duration value.
· By adding the half of the TA to the indicated reference time t1, the calculated receiving time is  t1+1/2*(2PDL+e3+e4+e5-e1), as shown in the lower part of the Figure 3. 
· As shown in the middle part of the Figure 3, the actual time is t1+PDL-e1+e2


Figure 3 An example of time error 
Based on the analysis above, the actual time that the UE receives the reference point is t1+PDL-e1+e2 while the calculated receiving time is t1+1/2*(2PDL+e3+e4+e5-e1). Therefore, the accuracy of the Uu interface is 1/2(e1+e3+e4+e5)-e2. 
Observation 6: The maximum timing synchronization error with UE propagation delay compensation should be 1/2(e1+e3+e4+e5)-e2, where e1 is the gNB transmitting time error, e2 is the UE detection error, e3 is the initial transmission error, e4 is the indication error, e5 is the BS detection error.
Analysis results
However, it was agreed that the BS detection error is included in the equation for calculating the overall time error. In the analysis, the e1 is used in the equation instead of e1/2. In RAN#104-e, it was agreed that the DL timing frame detection error is 100ns. Both of the two options for the BS transmitting time error are analyzed, i.e. 65ns and 200ns. It should be noted that 200ns is only for smart grid scenario. The results are shown in Table 1 
Table 1 Evaluation results for the accuracy of the Uu interface
	
	Option 1(only for smart grid)
	Option 2

	
	15kHz
	30kHz
	15kHz
	30kHz

	BS transmission timing error
	200ns
	200ns
	65ns
	65ns

	UE detection error
	100ns
	100ns
	100ns
	100ns

	Initial transmission error
	391ns(12*64*Tc)
	260ns(8*64*Tc)
	391ns(12*64*Tc)
	260ns(8*64*Tc)

	TA indication error
	260ns(8*64*Tc)
	130ns(4*64*Tc)
	260ns(8*64*Tc)
	130ns(4*64*Tc)

	BS detection error
	100ns
	100ns
	100ns
	100ns

	Total error
	475.5ns
	345ns
	340.5ns
	210ns


According to the reply LS from RAN2, the budget of single Uu interface is (145ns, 275ns) for the control to control scenario and (795ns, 845ns) for the smart grid scenario[2]. RAN2 further point out that the error caused by the limited granularity of referenceTimeInfo-r16 IE (±5ns) is already included in the network part budget, and RAN1 should not include this error in Uu interface again. It can be seen that the requirement for the smart grid can be met in the two options while the requirement for the control to control cannot be met in case of 15kHz. Therefore, the enhancement should be needed.
Observation 7: Only the requirement for the control to control at 15kHz cannot be met.
Proposal 2: The propagation delay compensation enhancement is only for control to control scenario.
There were two potential solutions in previous meeting, i.e. TA-based method and RTT-based method. The TA-based propagation delay is preferred due to the limited spec impact. And both of the enhanced TA indication granularity and initial transmission error Te can be considered. Table 2 is an example of the achieved the accuracy of Uu interface when the current values are reduced by half for the initial transmitting timing error (Te) and the TA indication granularity. It can be seen that the requirement can be satisfied after enhancement. Therefore, we propose to reduce the TA indication granularity or initial transmission error for the propagation delay compensation enhancements. Since the the value for TA indication granularity or the initial transmission error are defined by RAN4, an LS is needed to ask RAN4 if it is feasible to define the new requirements for the Te and TA indication granularity for propagation delay compensation enhancements and to provide the new requirement if feasible.
Table 2 An example of the achieved accuracy of Uu interface
	
	15kHz

	Enhanced initial transmission error(Te)
	195ns
	-
	195ns

	Enhanced TA indication error
	-
	130ns
	130ns

	Achieved accuracy of Uu interface
	247.5ns
	275.5ns
	182.5ns


Proposal 3: TA-based solution should be adopted for the propagation delay compensation enhancements, e.g., reduce the TA indication granularity or initial transmission error.
Proposal 4: Send an LS to RAN4 to ask if it is feasible to define the new requirements for the Te and TA indication granularity for propagation delay compensation enhancements and to provide the new requirement if feasible.
Conclusion
According to the discussion above, we have the following observations and proposals.
Observation 1: The accuracy of the Uu interface should be the maximum offset between the receiving time of the reference point calculated by UE and the actual time when the UE receives the reference point.
Observation 2: The sum of the three high level error components cannot represent the time synchronization accuracy of the Uu interface.
Observation 3: The estimated time of the reference point is , where the TA accuracy is affected by BS transmission timing error, the TA indication accuracy, initial transmission timing error and BS detection error.
Observation 4: The actual time of the reference point is .
Observation 5: The time synchronization accuracy should be abs ().
Observation 6: The maximum timing synchronization error with UE propagation delay compensation should be 1/2(e1+e3+e4+e5)-e2, where e1 is the gNB transmitting time error, e2 is the UE detection error, e3 is the initial transmission error, e4 is the indication error, e5 is the BS detection error.
Observation 7: Only the requirement for the control to control at 15kHz cannot be met.
Proposal 1: Adopt the following method to determine the time synchronization accuracy.
· Step 1: Determine the calculated time of the reference point by UE (i.e., estimated time clock), i.e., 
· Step 2: Determine the actual time of the reference time, i.e., 
· Step 3: Determine the time synchronization accuracy, i.e., abs()
Proposal 2: The propagation delay compensation enhancement is only for control to control scenario.
Proposal 3: TA-based solution should be adopted for the propagation delay compensation enhancements, e.g., reduce the TA indication granularity or initial transmission error.
Proposal 4: Send an LS to RAN4 to ask if it is feasible to define the new requirements for the Te and TA indication granularity for propagation delay compensation enhancements and to provide the new requirement if feasible.
Reference
3GPP RAN1#104-e, Chairman notes
3GPP RAN1#104-e, R1-2100024, Reply LS on propagation delay compensation enhancements
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