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1 Introduction
The main issues of Enhancements for support of time synchronization, including:

· RAN impacts of SA2 work on uplink time synchronization for TSN, if any. 

· Propagation delay compensation enhancements (including mobility issues, if any). 

In previous RAN1 #102 meeting, it agrees that one and two Uu interfaces are considered for the control-to-control and smart grid use cases respectively.

	Agreements:

· For 5GS synchronicity budget requirement, 

· One Uu interface is assumed for smart grid. 

· Two Uu interfaces are assumed for control-to-control.


In last RAN1 #103 meeting, it was agreed as follows:

	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. 

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

· 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, regarding the Propagation delay for TSN, it was agreed that:
Agreements

1: RAN2 should consider the following three scenarios, with a focus on Scenario 2 and 3:

•
Scenario 1: In the control-to-control communication use case, where TSC devices behind a target UE are synchronized to any TD, from a GM behind the CN. The 5GS introduced error is caused by the relative time-stamping inaccuracy at the NW-TT and the DS-TTs.

•
Scenario 2: In the control-to-control communication use case, where TSC devices behind a target UE are synchronized to any TD, from a GM behind the UE. The 5GS introduced error is caused by the relative time-stamping inaccuracies at the involved DS-TTs.

•
Scenario 3: In the smart grid use case, where the TSC devices behind a target UE are synchronized to the 5G GM TD. The 5GS introduced error is caused by the synchronization of the 5G clock to the DS-TT. 

2
RAN2 should evaluate the synchronicity budget by dividing the 5GS E2E path into three parts: Network, Device, and Uu interface. Where the Uu interface is understood as the maximum 5GS time synchronization error between the UE and the gNB-DU (i.e. DU-CU interface error is not included)
3 RAN2 assumes the two Uu interfaces in Scenario 2 have the same time synchronization error budget.

4 The Uu interface budget for Scenario 1, 2 and 3 are respectively calculated as following:

•
Scenario 1: Uu budget = 900ns – Device – Network scenario1

•
Scenario 2: Uu budget = (900ns – 2xDevice – 2xNetwork scenario2)/2 (assumption is based on GPTP)
•
Scenario 3: Uu budget = 1000ns – Device – Networkscenario3 (baseline assumption that this is based on GNSS)

5  The Device part time synchronization accuracy budget is assumed to be in the range ±50 to ±100ns, this applies to all three scenarios

6  The error caused by the limited granularity of referenceTimeInfo-r16 IE (±5ns) is to be included in the network part budget, and RAN1 should be informed not to include this error in Uu interface.

7  The Network part time synchronization accuracy budget for Scenario 1, 2, and 3 are assumed to be the following:

•
Scenario 1: ±120 to ±200ns (NetworkScenario1) (assuming 3-5 hops worst case scenario
•
Scenario 2: ±240 to ±400ns (2xNetworkScenario2) (assuming 6-10hops worst case scenario)
•
Scenario 3: ±100ns (NetworkScenario3)

8
Based on Proposal 4, 5, 6 and 7, the per Uu interface time synchronization accuracy for Scenario 1, 2 and 3 are as following:

•
Scenario 1: ±595ns to ±725ns

•
Scenario 2: ±145ns to ±275ns

•
Scenario 3: ±795ns to ±845ns
9
LS to RAN1 providing the scenarios and values.  Indicate to RAN1 that they should aim to meet the most stringest requirements, but a number within the range is also acceptable
 10
It is up to RAN1 to decide which PDC options should be supported for Scenario 1, 2 and 3 in Release-17.   

Hence, in this contribution, we focus on the investigation of the propagation delay compensation based on latest conclusion and progress to progress the study of compensating for RF propagation delay.
2 Discussion
The following is RAN1 already identified two use cases from TS 22.104:

	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


As indicated in the email discussion [1], the interim conclusion is that RAN2 will consider Scenario 2 and 3 in the evaluation of enhancements for propagation delay compensation, without precluding Scenario 1 for now.
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Figure 1. Illustration of the control-to-control use case with two possible scenarios (Scenario 1 and 2) to consider.
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Figure 2. Illustration of the smart grid use case and a corresponding scenario (Scenario 3).
During email discussion, an interim consensus [1] on the Uu interface budget is that it is agreeable to consider the 5GS E2E time synchronization budget to be split into three parts for the considered Scenarios 1, 2, and 3 and to calculate Uu interface budget for Scenario 1 and 3 as per;
· Scenario 1: Uu budget = 900ns – Device – Network scenario1
· Scenario 2: Uu budget = (900ns – 2xDevice – 2xNetwork scenario2)/2
· Scenario 3: Uu budget = 1000ns – Device – Networkscenario3
And it assumes a device time synchronization accuracy budget range from ±50 to ±100ns. Meanwhile, the time synchronization error from the finite granularity of referenceTimeInfo-r16 IE should be captured in the network part and added on top of the network part budgets in the Uu interface budget calculations. The error to be added to the network budget can be ±5ns. Then, RAN2 tend to assume a network time synchronization accuracy budget range between ±160ns and ±200ns for scenario 1 (control-to-control); and assume ±100ns as network time synchronization accuracy budget for scenario 3 (smart grid).
Meanwhile, RAN1 has agreed the following for further evaluations:

	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 position). 


Regarding which options should be further considered as candidates for PD estimation in Rel-17 for scenario 1, in our understanding, based on above the Uu interface time synchronization budget calculation, and the device and network part budget ranges concluded in email discussion:

Uu budget = 900ns – Device – Network scenario1 = 900ns-[50;100]ns-([160;200]ns+5ns) = [595;685]ns
According to the Uu interface time synchronization budget range, the existing timing Advance based PD compensation requires enhancements in some stringent requirement cases, and compared to option 2, option 1 is more simple and can meet the synchronization accuracy requirement. In our understanding, option 1a and option 1b, which aims to finer TA-C granularity, are both preferred with less signalling overhead compared to option 1c. On the other hand, whether RAN4 requirements to TA adjustment error and Te demands update, as indicated in the following table, needs to be enhanced demands to be determined in RAN1 and RAN4, which is out of RAN2 scope.
UE initial transmit timing accuracy, maximum amount of timing change in one adjustment, minimum and maximum adjustment rate are specified in TS 38.133 [5], e.g. Te and UE Timing Advance adjustment accuracy, as shown in the following table, while the requirement of timing error of gNB detection is purely implementation. For simplicity, it is assumed that inaccuracy caused by gNB detection is the same as or smaller than that of UE detection which is given in the above section. TA value is sent in TA command, granularity of TA value is 
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Table 7.1.2-1: Te Timing Error Limit
	Frequency Range
	SCS of SSB signals (KHz)
	SCS of uplink signals s(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
Editor’s note: The final values of Te for 120KHz SSB SCS are subject to further discussions in further meeting, and may not be outside 3*64*Tc to 3.5*64*Tc.


Table 7.1.2-3: Tq Maximum Autonomous Time Adjustment Step and Tp Minimum Aggregate Adjustment rate
	Frequency Range
	SCS of uplink signals (KHz)
	Tq
	Tp 

	1
	15
	[5.5]*64*Tc
	[5.5]*64*Tc

	
	30
	[5.5]*64*Tc
	[5.5]*64*Tc

	
	60
	[5.5]*64*Tc
	[5.5]*64*Tc

	2
	60
	[2.5]*64*Tc
	[2.5]*64*Tc

	
	120
	[2.5]*64*Tc
	[2.5]*64*Tc

	NOTE 1:
Tc is the basic timing unit defined in TS 38.211


Table 7.3.2.2-1: UE Timing Advance adjustment accuracy

	Sub Carrier Spacing, SCS kHz
	15
	30
	60
	120

	UE Timing Advance adjustment accuracy
	±256 Tc
	±256 Tc
	±128 Tc
	±32 Tc


According to the above analysis, it can be observed that even the UE/gNB implementation part is still impacted by the relevant specified requirement, e.g. Timing Error Limit and UE Timing Advance adjustment accuracy. Actually, RAN1 and RAN4 are more expert in the above analysis than RAN2. 
Observation: it can be observed that even the UE/gNB implementation part is still impacted by the relevant specified requirement, e.g. Timing Error Limit and UE Timing Advance adjustment accuracy. Actually, RAN1 and RAN4 are more expert in the above analysis than RAN2.
Proposal: it is proposed to adopt option 1a or option 1b as PD compensation approaches from the candidates, and send an LS to RAN1 and RAN4 to confirm whether RAN4 requirements to TA adjustment error and Te demands update.
3 Conclusions

Observation: it can be observed that even the UE/gNB implementation part is still impacted by the relevant specified requirement, e.g. Timing Error Limit and UE Timing Advance adjustment accuracy. Actually, RAN1 and RAN4 are more expert in the above analysis than RAN2.
Proposal: it is proposed to adopt option 1a or option 1b as PD compensation approaches from the candidates, and send an LS to RAN1 and RAN4 to confirm whether RAN4 requirements to TA adjustment error and Te demands update.
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