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In last meeting, the following agreements were reached on representative scenarios, parameters, and the potential solutions for the propagation delay compensation enhancements [1]. In this contribution, further discussion on the propagation delay compensation are present.
	Agreements:
· Take the following use cases as the representative use cases for further study on propagation delay compensation enhancements in Rel-17. 
	User-specific clock synchronicity accuracy level 
	Number of devices in one Communication group for clock synchronisation
	5GS synchronicity budget requirement 
(note)
	Service area 
	Scenario

	2
	Up to 300 UEs
	≤900 ns          
	≤ 1000 m x 100 m
	· Control-to-control communication for industrial controller

	4
	Up to 100 UEs
	<1  µs
	< 20 km2
	· Smart Grid: synchronicity between PMUs



Agreements:
· [image: ]8*64*Tc/2 as the TA indicating error is assumed in the evaluation.

Agreements:
For 5GS synchronicity budget requirement, 
· One Uu interface is assumed for smart grid. 
· Two Uu interfaces are assumed for control-to-control.

Agreements:
For BS transmit timing error, further study the following three options: 
· Option 1: 65 ns 
· Option 2:±130ns for the indoor scenario and ±200ns for the smart grid scenario
· Option 3:82.5 ns

Agreements:
The value defined in Table 7.1.2-1 for initial transmit timing error (Te) in TS 38.133 should be considered for evaluation of the time synchronization.  

Agreements:
Asymmetry between downlink and uplink channel for control-to-control scenario is not considered.  

Agreements:
100 ns is assumed for BS detecting error.  

Agreements:
Timing advance adjustment accuracy defined in Table 7.3.2.2-1 in TS 38.133 is assumed for evaluation of the time synchronization.   
Agreements:
Both 15 kHz and 30 kHz are assumed for both control-to-control and smart grid for evaluation of the time synchronization.   

Agreements:
Send an LS to RAN2 with the content including      
· Inform RAN2 the two representative use cases concluded in RAN1 for further study;
· Ask RAN2 for input about Uu interface error budget for each of the two use cases;

Agreements:
The following options for propagation delay compensation are further studied in RAN1  
· Option 1: TA-based propagation delay
· Option 1a: Propagation delay estimation based on legacy Timing advance (potentially with enhanced TA indication granularity).
· Option 1b: Propagation delay estimation based on timing advanced enhanced for time synchronization (as 1a but with updated RAN4 requirements to TA adjustment error and Te)
· Option 1c: Propagation delay estimation based on a new dedicated signaling with finer delay compensation granularity (Separated signaling from TA so that TA procedure is not affected)
· Option 2: RTT based delay compensation:
· Propagation delay estimation based on an RAN managed Rx-Tx procedure intended for time synchronization (FFS to expand or separate procedure/signaling to positioning). 



Discussion
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.
According to the agreements, the time errors considered for the evaluation of the time synchronization include the BS transmitting timing error, the value for UE transmitting timing error defined by RAN4, the TA indicating error, the TA adjustment accuracy defined by RAN4, the BS detecting error. In fact, the value for UE transmitting timing error defined by RAN4 includes the downlink detection error by the UE and the uplink transmitting timing error. All the listed errors affect the accuracy of the estimated TA. In addition, the BS transmitting time error and the downlink detection error by the UE affect the actual time when the UE receives the reference point.
In practice, these listed errors can be negative or positive. Figure 1 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.
· 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 transmitting 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 Figure 1. 
· 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 negative error so that t4 is before t3 as shown in Figure 1. 
· When the UE performs UL signal transmission, the TA indication error (e3) and TA adjustment error (e4) should be taken into account, which leads to the UE transmits UL signal at t6, where e4 and e5 are positive errors so that t6 is after t4 as shown in Figure 1. 
· After UL propagation, the UL signals arrives to the gNB at t7 assuming 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 e3 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 2PDL+e3+e4+e5-e1-e2. Note: all the ex in the equation are the positive time duration value.


Figure 1 An example of time error 
The UE detects that DL signals arrives to the UE at t4. According to the UE-based method, the UE thinks t4 is the indicated reference timing plus half of the TA, i.e. t1+TA/2=t1+1/2*(2PDL+e3+e4+e5-e1-e2). However, the correct time of t4 is t1+PDL-e1-e2. Therefore, the timing synchronization error is 1/2*(e1+e2+e3+e4+e5). Note that the time error for the other cases are also given in the appendix. 
Proposal 1: The maximum timing synchronization error with UE propagation delay compensation should be 1/2*(e1+e2+e3+e4+e5), where e1 is the gNB transmitting time error, e2 is the UE detection error, e3 is the TA indication error, e4 is the TA adjustment error, e5 is the BS detection error.
In this contribution, the gNB transmitting time is assumed to be 65ns. The value defined in Table 7.1.2-1 for initial transmit timing error (Te) represent the allowed time offset between the reference point and the UE transmitting time, where the reference point is the downlink detection timing minus the value of TA. It includes the downlink detection error by the UE and the uplink transmitting timing error. In the worst case, the downlink detection error can be Te. Therefore, it is assumed that the UE detection error is Te. The evaluation results for the accuracy of the Uu interface are shown in Table 1. It can be seen that the time errors at 15kHz and 30kHz are 473ns and 375ns, respectively. 
Observation 1: The time errors at 15kHz and 30kHz are 473ns and 375ns, respectively.
Table 1 Evaluation results for the accuracy of the Uu interface
	
	15kHz
	30kHz

	BS transmission timing error
	65ns
	65ns

	UE detection error
	391ns(12*64*Tc)
	326ns(10*64*Tc)

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

	TA adjustment error
	130ns(256 Tc)
	130ns(256 Tc)

	BS detection error
	100ns
	100ns

	Total error/2
	473ns
	375ns


For smart grid with only one Uu interface error, the current accuracy of the Uu interface can satisfy the requirement. For the control-to-control with two Uu interface errors, it can be predicted that the current accuracy of Uu interface (946ns) cannot satisfy the requirement considering that the synchronization budget for the network, which will be provided by the reply LS from RAN2. Therefore, the time accuracy of Uu interface should be improved. There were two potential solutions in last meeting. The TA-based propagation delay is preferred due to the limited spec impact. And both of the enhanced TA indication granularity and the enhanced requirement for TA adjustment and 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), the TA indication granularity and the TA adjustment error. It can be seen that the least Uu interface at 15kHz and 30kHz that can be achieved are 277ns and 229ns respectively.
Table 2 An example of the achieved accuracy of Uu interface
	
	15kHz
	30kHz

	Enhanced UE detection error(Te)
	195ns
	-
	-
	195ns
	163ns
	-
	-
	163ns

	Enhanced TA indication error
	-
	130ns
	-
	130ns
	-
	65ns
	-
	65ns

	Enhanced TA adjustment error
	-
	-
	65ns
	65ns
	-
	-
	65ns
	65ns

	Achieved accuracy of Uu interface
	375ns
	408ns
	440ns
	277ns
	294ns
	343ns
	343ns
	229ns


[bookmark: _GoBack]Proposal 2: Both of the enhanced TA granularity and the enhanced requirement for TA adjustment and Te can be considered to improve the accuracy for control-to-control scenario.
Conclusion
According to the discussion above, we have the following observations and proposals.
Observation 1: The time errors at 15kHz and 30kHz are 473ns and 375ns, respectively.
Proposal 1: The maximum timing synchronization error with UE propagation delay compensation should be 1/2*(e1+e2+e3+e4+e5), where e1 is the gNB transmitting time error, e2 is the UE detection error, e3 is the TA indication error, e4 is the TA adjustment error, e5 is the BS detection error.
Proposal 2: Both of the enhanced TA granularity and the enhanced requirement for TA adjustment and Te can be considered to improve the accuracy for control-to-control scenario.
Reference
3GPP RAN1 #102-e chairman notes
Appendix
In this section, the following cases are analyzed for the synchronization accuracy of Uu interface.
Case 1: all the factors are positive errors as shown in Figure 2
Case 2: only e1 is negative error while the other factors are positive errors as shown in Figure 3
Case 3: only e2 is negative error while the other factors are positive errors as shown in Figure 4
Case 4: only e1 and e2 are positive errors while the other factors are negative errors as shown in Figure 5
Case 5: all the factors are negative errors as shown in Figure 6
The results are summarized in Table 2. It can be seen that the maximum time error is 1/2*(e1+e2+e3+e4+e5). 
Table 3 The synchronization error of Uu interface for different cases
	
	TA
	The time of t4 calculated by the UE
	The actual time of t4
	Total error

	Case 1
	2PDL+e1+e2+e3+e4+e5
	t1+1/2*(2PDL+e1+e2+e3+e4+e5)
	t1+PDL+e1+e2
	1/2*(e3+e4+e5-e1-e2)

	Case 2
	2PDL-e1+e2+e3+e5+e5
	t1+1/2*(2PDL-e1+e2+e3+e4+e5)
	t1+PDL-e1+e2
	1/2*(e3+e4+e5+e1-e2)

	Case 3
	2PDL+e1-e2+e3+e4+e5
	t1+1/2*(2PDL+e1+e2+e3+e4+e5)
	t1+PDL-e1-e2
	1/2*(e3+e4+e5-e1+e2)

	Case 4
	2PDL+e1+e2-e3-e4-e5
	t1+1/2*(2PDL+e1+e2-e3-e4-e5)
	t1+PDL+e1+e2
	1/2*(-e1-e2-e3-e4-e5)

	Case 5
	2PDL-e1-e2-e3-e4-e5
	t1+1/2*(2PDL-e1-e2-e3-e4-e5)
	t1+PDL-e1-e2
	1/2*(e1+e2-e3-e4-e5)


Note: all the ex in the equations are the positive time duration value.


Figure 2 Case 1


Figure 3 Case 2


Figure 4 Case 3


Figure 5 Case 4



Figure 6 Case 5
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