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1. [bookmark: _Ref521334010]Introduction
In the RAN1 #103-e meeting, enhancements for time synchronization in Rel.17 IIOT/URLLC were discussed. Some agreements were made as below [1].
Agreements:
· Take 65 ns as the assumption of transmit timing error for evaluation of the overall time synchronization error for control-to-control. 
· Asymmetry between downlink and uplink channel for smart grid scenario is not considered. 
· errorBS,DL,TX is included in the equation for calculating the overall time synchronization error. 

Agreements:
TA adjustment accuracy is not considered for the evaluation of time synchronization error. 

Agreements:
For evaluation of the overall time synchronization error for smart grid, companies can take one of the following two options as the assumption for BS transmit timing error:
· Option 1: 200 ns
· Option 2: 65 ns

In RAN2 LS [2], the agreed synchronicity budget per Uu interface is tabulated below:
	Scenario
	Single Uu interface Budget

	Control-to-Control
	±145ns to ±275ns

	Smart Grid
	±795ns to ±845ns



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
2.1 Overall time synchronization error of one Uu interface for existing TA-based estimation
Based on the discussion in the last meeting [1], calculation formula of overall time synchronization error for one Uu interface based on TA-based estimation can be written as below:










As shown in the Figure 1, the downlink propagation delay  is gotten from the following equation based on TA-based estimation:


Assuming, the downlink propagation delay  is written as:

Where
·  is UE detecting error of downlink signal () related to  .
·  is related to  and includes UE transmitting error () and TA Indicating error.
The requirement of UE initial transmits timing error can be considered as the upper bound of the error related to UE process including UE detecting error of downlink signal () and UE transmitting error () based on the definition of the requirement of UE initial transmits timing error() in TS 38.133 [3] and the discussion in the last meeting[4]. 
·  is the timing error at the gNB detection() related to  

Then the error of the downlink propagation delay is written as follows:


It can be seen from the equation that the total error of the time synchronization for one Uu interface is:




Figure 1: Timing relationship of DL transmission and UL transmission

Next, we use the above formula for initial evaluation on overall time synchronization error. The specific value of each parameter in the above formula is discussed in detail.
1. Error related to BS timing()
Based on the below agreement in the last meeting [1], 65ns can be made as baseline. 
	In RAN1#103e-meeting
Agreements:
· Take 65 ns as the assumption of transmit timing error for evaluation of the overall time synchronization error for control-to-control.
Agreements:
For evaluation of the overall time synchronization error for smart grid, companies can take one of the following two options as the assumption for BS transmit timing error:
· Option 1: 200 ns
· Option 2: 65 ns



2. [bookmark: _Ref520196253]BS detecting error()
Based on the agreement in the RAN1#102e meeting [5], 100 ns is assumed for BS detecting error.

3. TA Indicating error()
Based on the agreement in the RAN1#102e meeting [5], the TA indicating error can be assumed as .
 for 15kHz
 for 30kHz

4. Initial transmit timing error ()
Based on the agreement in the RAN1#102e meeting [5] and definition of initial transmit timing error in TS 38.133, value of initial transmit timing error can be assumed as below
 for 15kHz
 for 30kHz

	In RAN1#102e-meeting
Agreement: 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.

Definition of initial transmit timing error in TS 38.133
7.1.2 Requirements
The UE initial transmission timing error shall be less than or equal to Te where the timing error limit value Te is specified in Table 7.1.2-1. This requirement applies:
-	when it is the first transmission in a DRX cycle for PUCCH, PUSCH and SRS, or it is the PRACH transmission, or it is the msgA transmission.
Table 7.1.2-1: Te Timing Error Limit
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te

	1
	15
	15
	12*64*Tc

	
	
	30
	10*64*Tc

	
	
	60
	10*64*Tc

	
	30
	15
	8*64*Tc

	
	
	30
	8*64*Tc

	
	
	60
	7*64*Tc

	2
	120
	60
	3.5*64*Tc

	
	
	120
	3.5*64*Tc

	
	240
	60
	3*64*Tc

	
	
	120
	3*64*Tc

	Note 1:	Tc is the basic timing unit defined in TS 38.211 [6]






Evaluation results on one Uu interface time synchronization error based on TA-based estimation are shown in table 1.
Table 1: one Uu interface time synchronization error based on TA-based estimation
	Item
	15kHz SCS
	30kHz SCS

	
	65ns
	65ns

	
	100ns
	100ns

	
	260ns
	130ns

	
	±390 ns
	±260 ns

	Errortotal 
	[-440ns, 440ns]
	[-310ns, 310ns]


Comparing with the synchronicity budget per Uu interface in RAN2 LS [2], time synchronization error based on TA-based estimation can satisfy Uu interface synchronicity budget for smart grid scenario. For control to control scenario, Uu interface synchronicity budget cannot be satisfied based on TA-based estimation.
Observation1: Time synchronization error of TA-based method can meet the synchronicity budget for smart grid scenario but cannot meet the synchronicity budget for control to control scenario. 
2.2 Potential enhancements for propagation delay compensation
Based on the agreement in the RAN1#102e meeting [4], two PDC methods including TA-based and RTT-based are further studied.
TA-based method
According to Table 1, even though  is equal to 0, Uu interface time synchronization error based on TA-based method is [-310ns, 310ns] for 15KHz SCS and [-245 ns, 245 ns] for 30KHz SCS, which can't meet the requirement of synchronization budget per Uu Interface in RAN2 LS [2]. In order to meet the requirement of synchronization budget per Uu Interface in RAN2 LS [2], we need to reduce the other 3 time synchronization error components including BS timing error, BS detecting error and initial transmit timing error. It is proposed to send an LS to RAN4 to ask if these three error components can be improved, and what is the specific value of their improvement.
Proposal 1: Send an LS to RAN4 to ask whether the three error components including BS timing error, BS detecting error and initial transmit timing error can be improved or not and the specific values for each component if it can be improved.

RTT-based method
As shown in the Figure 1, the downlink propagation delay  is gotten from the following equation based on RTT-based estimation:

Assuming, the downlink propagation delay  is written as:
        
Where
·  is BS timing error () related to 
·  is UE detecting error of downlink signal () related to  .
·  is UE transmitting error () related to  
The requirement of UE initial transmits timing error can be considered as the upper bound of the error related to UE process including UE detecting error of downlink signal () and UE transmitting error () based on the definition of the requirement of UE initial transmits timing error() in TS 38.133 [3] and the discussion in the last meeting[4]. 
·  is the timing error at the gNB detection() related to  
·  reflects the error due to report granularity of Rx-Tx time difference ().

The total error of the time synchronization for one Uu interface is written as follows:

To evaluate the time synchronization error, we assume the following values:
1. :, the same value 65ns as that of TA-based method,
2. :	 the same value 100ns as that of TA-based method,
3. [bookmark: _GoBack]: the same value as that of TA-based method,
4. : equal to report granularity of Rx-Tx time difference. In 38.133, report mapping tables are provided for gNB Rx-Tx time difference. The granularity ranges from 1*Tc to 32*Tc. Assume the minimum granularity of Tc, i.e., = Tc = 0.5 ns.
Evaluation results on time synchronization error based on RTT-based estimation for one Uu interface are shown in table 2
Table 2: time synchronization error based on RTT-based estimation for one Uu interface
	Item
	15kHz SCS
	30kHz SCS

	
	65ns
	65ns

	
	100ns
	100ns

	
	0.5ns
	0.5ns

	
	±390 ns
	±260 ns

	Errortotal 
	[-277.75ns, 277.75ns]
	[-211.25ns, 211.25ns]


Compared with the synchronicity budget per Uu interface in RAN2 LS [2], for smart grid scenario, time synchronization error based on RTT-based estimation can be satisfied with synchronicity budget. For control to control scenario, time synchronization error based on RTT-based estimation for 15 kHz SCS can’t meet part of synchronicity budget. Time synchronization error based on RTT-based estimation for 30 kHz SCS can’t meet synchronization budget. . 
Observation 2: Time synchronization error of RTT-based method can meet the synchronicity budget for smart grid scenario but cannot meet the synchronicity budget for control to control scenario.
If RTT-based propagation delay compensation method is considered in Rel-17, signalling mechanism on PRS (positioning reference signal) configuration and report mechanism RX-TX time difference of air interface need be introduced to support RTT-based propagation delay compensation. Compared with RTT-based propagation delay compensation method, TA-based propagation delay compensation method already has the complete signalling/mechanism of air interface.
So the TA-based propagation delay compensation method should be considered for enhancement for propagation delay compensation with high priority. If the TA-based propagation delay compensation can’t meet the requirements of synchronization budget per Uu Interface in RAN2 LS [2], RTT-based propagation delay compensation can be considered as the candidate for propagation delay compensation and RTT-based propagation delay compensation enhancement method need be considered in Rel-17 if needed. 
Proposal 2: TA-based propagation delay compensation can be considered for enhancement for propagation delay compensation with high priority. If the TA-based propagation delay compensation can’t meet the requirements of synchronization budget per Uu Interface, RTT-based propagation delay compensation and the corresponding enhancement method can be considered as the candidate for propagation delay compensation in Rel-17.

3. Conclusion
In this contribution, we discuss about the TSN supported by 5GS with the following observations and proposals.
Observation1: Time synchronization error of TA-based method can meet the synchronicity budget for smart grid scenario but cannot meet the synchronicity budget for control to control scenario.
Observation 2: Time synchronization error of RTT-based method can meet the synchronicity budget for smart grid scenario but cannot meet the synchronicity budget for control to control scenario.
Proposal 1: Send an LS to RAN4 to ask whether the three error components including BS timing error, BS detecting error and initial transmit timing error can be improved or not and the specific values for each component if it can be improved.
Proposal 2: TA-based propagation delay compensation can be considered for enhancement for propagation delay compensation with high priority. If the TA-based propagation delay compensation can’t meet the requirements of synchronization budget per Uu Interface, RTT-based propagation delay compensation and the corresponding enhancement method can be considered as the candidate for propagation delay compensation in Rel-17.
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