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1.	Introduction
This document discusses about support of time synchronization which is an objective of [1].
	
…
4. Enhancements for support of time synchronization:
a. RAN impacts of SA2 work on uplink time synchronization for TSN, if any. [RAN2]
b. Propagation delay compensation enhancements (including mobility issues, if any). [RAN2, RAN1, RAN3, RAN4]
…



Previously, it was agreed that “in Rel-16, propagation delay compensation may be done by UE implementation” at RAN2#109e ([AT109e][032][IIOT]), and it was pointed out that synchronization inaccuracy is simply doubled when sync mater functionality is placed in a UE [2].

2.	Discussion
Based on the previous analysis [3], the overall synchronization accuracy error between a clock source and UE clock consists of air interface accuracy, network interface accuracy and granularity of time reference information. In the Rel-16 RRC specification the granularity of a time reference is with 10ns [4]. Therefore, the overall synchronization accuracy error would be equal to 645ns (i.e. 540ns (air interface accuracy) + 100ns (network interface accuracy) + 5 ns (granularity/2) [3][4]. It meets the synchronization accuracy requirement [5].
Observation 1. Synchronization accuracy error would be equal to 645ns to which air interface accuracy, network interface accuracy and 10ns granularity of RerferenceTimeInfo IE contribute 540ns, 100ns, and 5ns, respectively.

The synchronization requirement from TS22.104 is referred [6]. The 5GS synchronicity budget requirement becomes tighter from 1us to 900ns even for larger service area where propagation delay needs to be considered. The above calculation is still applicable and the synchronization requirements is met except that sync master functionality is placed in a UE.
Observation 2. The 5GS synchronicity budget requirement is 900ns. Rel-16 NR still meets the requirement except the case that sync master functionality is placed in a UE.

[Table 5.6.2-1: Clock synchronization service performance requirements for 5G System, TS22.104 v17.3.0]
	User-specific clock synchronicity accuracy level 
	Number of devices in one Communication group for clock synchronisation
	5GS synchronicity budget requirement 
(note)
	Service area 
	Scenario

	1
	Up to 300 UEs
	≤900 ns 
	≤ 100 m x 100 m
	· Motion control
· Control-to-control communication for industrial controller

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

	3
	Up to 10 UEs
	< 10 µs
	≤ 2500 m2
	· High data rate video streaming

	3a
	Up to 100 UEs
	<1 µs
	≤10 km2
	· AVProd synchronisation  and packet timing

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

	5
	Up to 10 UEs
	< 50 µs
	400 km
	· Telesurgery and telediagnosis

	NOTE:	The clock synchronicity requirement refers to the clock synchronicity budget for the 5G system, as described in Clause 5.6.1.



Uplink time synchronization for TSN considers that sync master functionality is in a UE. It was already pointed out that the clock synchronization inaccuracy between UE of sync master and UE of sync device can exceed 1us because air interface inaccuracy is taken twice into account (i.e. 2x 540ns) [2][6].
Observation 3. The clock synchronization inaccuracy between UE of sync master and UE of sync device can exceed 1us because air interface inaccuracy is taken twice into account (i.e. 2x 540ns).

Granularity of TA contributes to air interface inaccuracy. Analysis [7][8][9] which are summarized in [3], explicitly take granularity of TA into account to evaluate air interface inaccuracy. Granularity of TA for 15 kHz SCS is 260ns and its contribution to air interface inaccuracy is 130ns (half granularity). The synchronization accuracy requirement would be met in the case of observation 3 if granularity of TA is not higher than 65ns.
Observation 4. Granularity of TA for 15 kHz SCS is 260ns and its contribution to air interface inaccuracy is 130ns. If granularity of TA is not higher than 65ns, air interface inaccuracy is less than 443ns. Then the synchronization accuracy requirement would be met.
Proposal 1. RAN2 asks RAN1 about what is the minimum of granularity of TA.
Proposal 2. RAN2 discuss whether to increase resolution of TAC by factor of 4 or more.

Assuming that a UE moves at 108 km/h (30 m/s), the maximum propagation delay change during 1 second is about 100ns. If propagation delay has not been compensated, inaccuracy would be increased by 100ns at the maximum. It is expected that NW sends propagation delay information to UE for compensation, for example, when TA or propagation delay changes more than a threshold. NW can estimate TA when uplink transmission happens. If UE can request TA, it would enhance propagation delay compensation. NW can estimate TA upon the request and inform the estimated TA to UE.
Proposal 3. UE can request TA for performing propagation delay compensation.

3.	Conclusion
In this contribution, we have discussed support of time synchronization.
Observation 1. Synchronization accuracy error would be equal to 645ns to which air interface accuracy, network interface accuracy and 10ns granularity of RerferenceTimeInfo IE contribute 540ns, 100ns, and 5ns, respectively.
Observation 2. The 5GS synchronicity budget requirement is 900ns. Rel-16 NR still meets the requirement except the case that sync master functionality is placed in a UE.
Observation 3. The clock synchronization inaccuracy between UE of sync master and UE of sync device can exceed 1us because air interface inaccuracy is taken twice into account (i.e. 2x 540ns).
Observation 4. Granularity of TA for 15 kHz SCS is 260ns and its contribution to air interface inaccuracy is 130ns. If granularity of TA is not higher than 65ns, air interface inaccuracy is less than 443ns. Then the synchronization accuracy requirement would be met.
Proposal 1. RAN2 asks RAN1 about what is the minimum of granularity of TA.
Proposal 2. RAN2 discuss whether to increase resolution of TAC by factor of 4 or more.
Proposal 3. UE can request TA for performing propagation delay compensation.
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