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Abstract of the contribution: This paper discusses the time synchronization issues between 5GS as a TSN Bridge and TSN systems.
1
Introduction
The synchronization is an important issue in TSN system since all TSN traffic flows need accurate time information for scheduling. On the other hand, as described in TR 23.734, 5GS will be integrated into TSN as a TSN bridge to forward TSN traffic passing through 5GS. As required, 5GS needs to meet the time accuracy required in TSN. This contribution compares two main approaches in current TR 23.734 and suggests a way forward.
2
Discussion

All the below approaches are based on 5GS as TSN bridge in solution 8 concluded in TR 23.734.
Approach 1: Solution 11 option2/4 [1]
In this solution, the gNB can synchronize with TSN GM via directly connecting to the TSN GM and the UPF can synchronize with the TSN GM via PTP transport network. Furthermore, the UE can synchronize with the gNB’s time domain via SIB and/or RRC message (as agreed by RAN2). Thus, 5GS becomes time-aware system for TSN. The assumption of this proposal is that the gNB/UE/UPF are enabled to exchange time information by using the PTP protocol. 
For TSN system, the UPF is a master clock connected to the TSN working time domain(s) while the UE is a boundary master clock to connected TSN end stations. A TSN Translator uses the PTP protocol to receive the PTP messages from the UE. After receiving time information from the UE, the TSN translator will translate PTP messages to (g)PTP messages and forward them to connected TSN end stations.
Approach 2: Solution 11 option 3 [2]
In this solution, gNB/UE/UPF synchronizes to 5G internal time working domain. The information of the working time domains for all connected TSN systems is transmitted through User Plane (UP) of 5GS from UPF to the UE. The TSN translator maintains different working time domains and select a proper one to update the connected TSN end stations.
The following table provides a comparison between the two approaches above.
	Comparisons
	Approach 1
	Approach 2

	Time information consistency
	1. gNB/UPF/UE synchronize to 5G internal working time domain
2. UE/TT and UPF/TT need to know 5G internal working time domain

3. TSN systems synchronize to 5G internal working time domain (option 4)
	1. gNB/UPF/UE synchronize to 5G internal working time domain 
2. UE/TT and UPF/TT need to know 5G internal working time domain
3. TSN systems synchronize to their respective working time domains

	Related protocols
	1. PTP in 5GS.
2. PTP/(g)PTP in TSN Translator

3. (g)PTP in TSN systems 
	1. PTP in 5GS
2. PTP/(g)PTP in TSN Translator

3. (g)PTP in TSN systems

	Operations in 5GS
	NG-RAN>UE time info. provision via SIB and RRC signalling to transmit multiple working time domains. 
No UP resource used
	Use UP resources to transmit (g)PTP message over PDU sessions between UE and UPF for multiple working time domains

	Operations in TSN Systems
	Impact on TSN Translator which needs to process/handle  time information received from 5GS for multiple working time domain
	Impact on TSN Translator which needs to process  time information received from 5GS for multiple working time domain

	Support TSN traffic scheduling
	gNB can directly determine burst arrival time for scheduling precisely
	gNB needs to be informed by network to support burst arrival time since gNB does not know other working time domains


Observations: According to comparisons between approach 1 and approach 2, the main difference is how the 5GS forwards the time information of multiple TSN working time domains to TSN systems, e.g. via SIB/RRC signalling, or via UP resources. However, it is simple to adopt Approach 1 which leverages only single working time domain with which all TSN systems and 5GS synchronize. 
Proposal 1: It is suggested to adopt Approach 1 for normative work to solve the TSC synchronization. 
Proposal 2: How to manage multiple working time domains is left to Rel-17 discussions
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Conclusions

Observations: According to comparisons between approach 1 and approach 2, the main difference is how the 5GS forwards the time information of multiple TSN working time domains to TSN systems, e.g. via SIB/RRC signalling, or via UP resources. However, it is simple to adopt Approach 1 which leverages only single working time domain with which all TSN systems and 5GS synchronize.
Proposal 1: It is suggested to adopt Approach 1 for normative work to solve the TSC synchronization. 
Proposal 2: How to manage multiple working time domains is left to Rel-17 discussions
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