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1. [bookmark: _Ref521334010]Introduction
In the RAN1 #102-e meeting, enhancements for time synchronization in Rel.17 IIOT/URLLC were discussed. Some agreements were made as below [1].
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 synchronization
	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



Agreement:
· 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
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.

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

Agreement: 100 ns is assumed for BS detecting error.

Agreement: Timing advance adjustment accuracy defined in Table 7.3.2.2-1 in TS 38.133 is assumed for evaluation of the time synchronization.

Agreement: 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;
Decision: As per email decision posted on August 28th,
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).
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
Based on the discussion in the last meeting [2], we think FL proposal on calculation formula of overall time synchronization error for one Uu interface as below can be made as baseline:











It can be seen from the equation that the total error of the time synchronization is:

So for the control to control case, the formula of the total error of the time synchronization is expressed as:


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. [bookmark: _GoBack]Error related to BS timing()
Based on the below agreement in the last meeting [1], 3 options for BS transmit timing error need be further studied. Option 1 (65ns) can be made as baseline because single carrier scenario with MIMO transmission can be assumed for the error evaluation of the time synchronization and option 1 is defined in TS 38.104[3] for maximum BS transmit timing error under the single carrier scenario with MIMO transmission.
	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



2. [bookmark: _Ref520196243]Asymmetry between downlink and uplink channel (Asymmetry)
Based on the agreement in the last meeting [1], Asymmetry value equals to 0 for control-to-control scenario.

3. [bookmark: _Ref520196253]BS detecting error()
Based on the agreement in the last meeting [1], 100 ns is assumed for BS detecting error.

4. TA Indicating error()
Based on the agreement in the last meeting [1], the TA indicating error can be assumed as .
 for 15kHz
 for 30kHz

5. TA adjustment accuracy()
Based on the agreement in last meeting and definition of TA adjustment accuracy in TS 38.133, value of TA adjustment accuracy can be assumed as below
 for 15kHz and 30kHz

	In RAN1#102e-meeting
Agreement: Timing advance adjustment accuracy defined in Table 7.3.2.2-1 in TS 38.133 is assumed for evaluation of the time synchronization.

Definition of TA adjustment accuracy in TS 38.133
7.3.2.2	Timing Advance adjustment accuracy
The UE shall adjust the timing of its transmissions with a relative accuracy better than or equal to the UE Timing Advance adjustment accuracy requirement in Table 7.3.2.2-1, to the signalled timing advance value compared to the timing of preceding uplink transmission. The timing advance command step is defined in TS 38.213 [3].
Table 7.3.2.2-1: UE Timing Advance adjustment accuracy
	UL Sub Carrier Spacing(kHz)
	15
	30
	60
	120

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






Evaluation results on overall Uu interface time synchronization error for control-to-control scenario are shown in table 1.
Table 1: Overall Uu interface time synchronization error for control-to-control scenario
	Item
	15kHz SCS
	30kHz SCS

	errorBStiming
	65ns
	65ns

	errorBSdetect
	100ns
	100ns

	Asymmetry 
	0
	0

	errorindicate
	260ns
	130ns

	Te
	±130 ns
	±130 ns

	Errortotal 
	[-620ns, 620ns]
	[-490ns, 490ns]



Observation: Overall Uu interface time synchronization error for control-to-control case is within [-620ns, 620ns] for 15 kHz SCS and [-490ns, 490ns] for 30 kHz SCS.
In addition, based on the agreement in the last meeting [1], two PDC methods including TA-based and RTT-based are further studied. 
We think TA-based method with enhanced TA indication granularity is more straightforward and has less spec impact thus it is preferred.
Proposal 1: Propagation delay estimation based on legacy Timing advance (potentially with enhanced TA indication granularity) is considered for propagation delay compensation enhancements if needed.
3. Conclusion
In this contribution, we discussed about the TSN supported by 5GS with the following observation and proposal.
Observation: Overall Uu interface time synchronization error for control-to-control case is within [-620ns, 620ns] for 15 kHz SCS and [-490ns, 490ns] for 30 kHz SCS.
Proposal 1: Propagation delay estimation based on legacy Timing advance (potentially with enhanced TA indication granularity) is considered for propagation delay compensation enhancements if needed.
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