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Abstract of the contribution: This contribution analyse appending issue on the time conversion between TSN clock and 5GS clock and related TSCAI computation, and give the proposal.

1. Discussion
In the SA2#136 meeting, the discussion paper S2-1911909 give 3 solutions on the time conversion between 5G clock and TSN clock and TSCAI . According to meeting discussion, this solution is further revised as following:
Solution 1#SMF-based solution: (Alt-1 in S2-1911909)

· SMF get the time relation between 5GS clock and TSN clock from UPF.
· SMF get the UE-residence-time in 5GS clock from UE.
· SMF is configured with AN_PDB and CN_PDB
For the registration to CNC:

· SMF calculate the per port pair delay in TSN clock using the residence time, PDB (CN_PDB and AN_PDB) and send to TSN AF via PCF.
· SMF send (per port pair delay in TSN clock, per port pair delay in 5G clock) mapping table to PCF.
· TSN AF register the per port pair delay in TSN clock to CNC.
For the configuration from CNC
· CNC configure the TSN AF with TSN traffic information.
· TSN AF maps TSN traffic information to TSN Qos information in TSN clock, and send it with TSN Container (Arrival time, timeInterval,…) to PCF
· PCF use the (per port pair delay in TSN clock, per port pair delay in 5G clock) mapping table to derive the 5QI and Qos rule.
· The PCF send 5QI, Qos rule and TSN container to SMF.
· SMF calculate the TSCAI according to time relation between 5GS clock and TSN clock from UPF, delay information (residence time, CN_PDB and AN_PDB) and TSN container.
Notes: If there is no highlight part, the PCF cannot derive the 5QI using Qos information in TSN clock
Solution 2#TSN AF-based solution: (Alt-2b in S2-1911909)

· SMF get the UE-residence-time in 5GS clock from UE.
· SMF is configured with AN_PDB and CN_PDB
For the registration to CNC:

· the SMF send the time information (residence time, CN_PDB) in 5GS clock to TSN AF. TSN AF use these time information to calculate the per port pair delay in TSN clock.
· TSN AF register the per port pair delay in TSN clock to CNC.
For the configuration from CNC
· CNC configure the TSN AF with TSN traffic information.
· The TSN AF convert the time in TSN traffic information from TSN clock to 5GS clock. 
· TSN AF calculate the TSCAI according to (residence time, CN_PDB) in 5GS clock. TSN AF send the TSCAI and TSN qos information and TSN container to PCF.
· The PCF derive the 5QI and Qos rule. And send it with TSN container to SMF.
Solution 3#TSN AF-based solution with SMF calculate TSCAI: (Alt-2a in S2-1911909)

· SMF get the UE-residence-time in 5GS clock from UE.
· SMF is configured with AN_PDB and CN_PDB
For the registration to CNC:

· the SMF calculates the per port delay between DS-TT and NW-TT in 5GS clock (residence time + PDB) and send to AF. 

· AF converts per port pair delay in 5GS clock to TSN clock (i.e. TSN AF does not know the time split inside the delay.) and register the per port pair delay in TSN clock to CNC.

For the configuration from CNC
· CNC configure the TSN AF with TSN traffic information.
· The TSN AF convert the traffic information (ingress time, periodicity) in TSN clock to 5GS clock. TSN AF sends the TSN Qos information and TSN contaiern to PCF.

· The PCF derive the 5QI and Qos rule. And send it with TSN container to SMF.
· The SMF calculate the TSCAI using the TSN container and residence time, CN_PDB.
Note: For both solution 2 and 3, it proposes the TSN AF to perform the time synchronization with 5GS GM clock and TSN GM clock, otherwise, the time offset/drift between TSN domain and 5GS shall be reported from UPF to TSN AF via SMF and PCF. 
Comparison and evaluation
	
	Solution 1: SMF-based solution
	Solution 2: TSN AF-based solution:
	Solution 3: TSN AF-based solution with SMF calculate TSCAI

	Pros
	Save the signalling

When the time drift between TSN clock and 5GS clock exceed the threshold, UPF report the offset between 5GS clock and TSN clock to SMF. SMF calculate the TSCAI and send to NG-RAN;
	Clean design.

It keep the TSN particular parameters in the edge of 5G virtual bridge, i.e. TT (DS-TT, NW-TT and AF TT).

	
	
	All the TSN related handling is in the 5GS edge. 

Furthermore, the UE residence time can be carried in the Port management container to minimize the impacts on the NAS, SMF and PCF

	SMF shield U-plane delay split (residence time, CN_PDB, AN_PDB) to TSN AF

	Cons
	Conflict with design principle

The original intention/principle of 5G virtual bridge is to keep the TSN particular parameters in the edge of 5G virtual bridge, i.e. TT (DS-TT, NW-TT and AF TT). 

There is a TT inside the SMF. SMF need to know the TSN clock outside of the 5GS.

PCF also perform the time conversion.
	More signalling

When the time drift between TSN clock and 5GS clock exceed the threshold, TSN AF convert the traffic time information from TSN clock to 5GS clock and send to SMF. SMF sends the TSCAI to NG-RAN;

	
	
	SMF exposes the U-plane delay split (residence time, CN_PDB ) to TSN AF.
	


The key point is: Is it worth changing the principle to save the signalling overhead.

How many signalling can be saved in the solution 1 depends on how often the occasion is when the time drift between TSN clock and 5GS clock exceed the threshold. The industrial which requires TSN has high-accuracy requirement on the time. Example, it use the GPS time. For the operator’s network, the situation is similar. This paper wonder whether there is frequent time drift between 5GS clock and TSN clock.

And when the time drift between TSN clock and 5GS clock exceed the threshold, the signalling between UPF and SMF, SMF and NG-RAN cannot be saved. The solution-1 only save the signalling between SMF and AF (via PCF). It does not save much. And the PCF is configured with mapping table between delay in 5GS clock and TSN clock, it is a not good design.
Proposal 1: The solution 1 is not proposed.

Proposal 2: TSN AF convert the traffic time information in TSN clock to time in 5GS clock.

Comparison between solution 2 and 3:
The pros of solution-2 is screening the U-plane delay split (residence time, CN_PDB) to TSN AF while in the solution 3, the SMF send above U-plane delay information to TSN AF. Because the TSN AF is 3GPP network entity, there is no big difference between 2 and 3.

This paper has no strong opinion between solution 2 and 3. Maybe the solution 3 is better a little bit.
Proposal 3: Whether TSN AF or SMF calculate the TSCAI is decided in the online meeting. 
2. Proposal

Proposal 1: The solution 1 is not proposed.

Proposal 2: TSN AF convert the traffic time information in TSN clock to time in 5GS clock.

Proposal 3: Whether TSN AF or SMF calculate the TSCAI is decided in the online meeting. 
The CR S2-2000538 and S2-2000539 reflect the solution 2 and 3. It depends on the online meeting to select which one is better. (i.e. TSN AF perform time conversion. Whether the TSN AF or SMF calculate the TSCAI is made in online meeting)
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