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1. [bookmark: _Ref521334010]Introduction
In order to support Time-Sensitive Communications (TSC) by 5GS, reference time delivery from gNB to UE using broadcast and unicast RRC signaling was introduced in Rel-16 IIoT WI.
In Rel-17 WI on enhanced IIoT and URLLC for NR, enhancements for support of time synchronization are included [1].
	1. 
2. 
3. 
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]


5. 
6. 
7. 
In this contribution, we share our initial considerations on propagation delay compensation enhancements from RAN1 perspective.
2. Discussion
For supporting TSN time synchronization, the 5G system is integrated with the external network as a TSN bridge. For TSN Synchronization, the entire E2E 5G system can be considered as an IEEE 802.1AS "time-aware system". Only the TSN Translators (TTs) at the edges of the 5G system need to support TSN clock distribution and time-stamping according to IEEE 802.1AS. 
5GS time synchronization and TSN time synchronization processes are independent from each other. The synchronicity budget for the 5G system is the time error contribution between ingress and egress of the 5G system on the path of clock synchronization messages. The 5GS synchronicity budget requirements are defined as in Table 1 in TS22.104 [2].
[bookmark: _Ref47347944]Table 1: Clock synchronization service performance requirements for 5G System
	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.



In Rel-16, 5G and TSN clock distribution model via 5GS is illustrated as in Figure 1 in TS 23.501 [3].


[bookmark: _Ref47347905]Figure 1: 5G and TSN clock distribution model via 5GS
The 5GS is synchronized with the 5G GM (i.e. the 5G internal system clock). In Rel-16, reference time delivery with signaling granularity of 10ns from gNB to UE using broadcast and unicast RRC signaling was introduced to distribute 5G internal system clock. The indicated reference time is referenced at the network side without compensating for RF propagation delay. It is up to UE to decide whether/how to do propagation delay compensation.
The synchronization accuracy over Uu interface was evaluated in Rel-16 in RAN1 with and without propagation delay compensation. 
· For gNB-to-UE timing synchronization accuracy without propagation delay compensation, the indicated reference time at UE side is delayed by propagation delay time. In addition, gNB Tx and UE Rx frame timing error would contribute to the Uu synchronization error. 
· For gNB-to-UE timing synchronization accuracy with propagation delay compensation, TA/2 was assumed as propagation delay at UE side. Instead of propagation delay, the error related to TA, e.g. TA estimation, TA indication, etc. would contribute to the Uu synchronization error.
Based on the study and evaluations in Rel-16 [4][5][6], the timing synchronization error between a gNB and a UE no worse than 540ns is achievable based on the RAN1 agreed evaluation assumptions for Rel-15 NR with 15kHz SCS. The synchronization accuracy is improved when using higher SCS. It was assumed that the propagation delay is either negligible (i.e. small service areas) or is compensated for in larger service areas. Without propagation delay compensation, for inter-site distances >200m, the gNB-to-UE timing synchronization accuracy may be worse than 1us.

In Rel-17, uplink time synchronization for TSN is considered where one or more TSN GM(s) are attached to the device side and are used to synchronize the TSN end stations behind the 5GS (i.e. NW-TTs) and behind the other UEs (i.e. DS-TTs) as shown in Figure 2 in [7].



[bookmark: _Ref47354415]Figure 2: The distribution of UL Time Synchronization Information with the same UPF
The 5GS is synchronized to the same 5GS GM as in Rel-16. The Rel-16 reference time delivery mechanism can be reused. The gNB-to-UE timing synchronization accuracy is the same as in Rel-16. 
[bookmark: _GoBack]However, for the case of TSN time synchronization between two UEs with DS-TTs, the maximum UE-to-UE timing synchronization error can be doubled compared with gNB-to-UE timing synchronization error since the two UEs are synchronized with 5G GM independently.
With the evaluation results in Rel-16, the gNB-to-UE timing synchronization error can be up to 540ns for 15kHz SCS. So that UE-to-UE timing synchronization error can be up to 1080ns which exceeds the 5GS synchronicity budget requirement of 900ns as shown in Figure 1.
Observation: 900ns 5GS synchronicity budget requirement may not be met for uplink time synchronization for TSN between two UEs.
Therefore, RAN1 should further study whether/how to improve UE-to-UE timing synchronization accuracy within 5GS.
Proposal: RAN1 further study whether/how to improve UE-to-UE timing synchronization accuracy within 5GS.

3. Conclusion
In this contribution, we discussed the TSN supported by 5GS with the following observation and proposal.
Observation: 900ns 5GS synchronicity budget requirement may not be met for uplink time synchronization for TSN between two UEs.
Proposal: RAN1 further study whether/how to improve UE-to-UE timing synchronization accuracy within 5GS.
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