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Abstract of the contribution: This paper proposes a new solution for Key Issue #3B: AF requested TSN synchronization Activation and Deactivation.
Proposal
It is proposed the following new Solution for Key Issue #3B: AF requested TSN synchronization Activation and Deactivation in TR 23.700-020.
1st CHANGE (All New Text)
6.X
Solution #X: AF Requested TSN Synchronization Activation and Deactivation
6.X.1
Introduction

This solution addresses Key Issue #3B: AF requested TSN synchronization Activation and Deactivation. 

It is assumed that as below:

-
A TSN GM for TSN Domain 1is attached to the DS-TT of a UE and a PDU Session is established for this UE to deliver the UL gPTP message to the UPF1/NW-TT1.

-
A TSN GM for TSN Doman 2 in the NW-TT side can send DL gPTP message to all the UPFs attached to the same DN Ethernet network.

-
All the UPF/NW-TT in the 5GS can create gPTP message for the 5GS time domain and send the gPTP message to the UE connected to this UPF/NW-TT.

-
All the PDU Sessions for the TSN delivery for all the UEs with the same DN TSN domain (except the 5GS domain) are controlled by the same SMF, but different UPF can be selected for different UE.

6.X.2
Functional Description
6.X.2.1
General
The AF request the UDM via the NEF to configure UE/Group of UE SM Subscription for the TSN activation method by providing the following information:
· UE ID or Group UE ID

· S-NSSAI /DNN for the TSN PDU Session 

· TSN domain 

· UL/DL TSN synchronization method

· Activation/Deactivation

6.X.2.2
Functional Description for AF Requested TSN Synchronization Activation
During the UE requested PDU Session Establishment for the TSN synchronization, the UE provide the following information in the PDU Session Establishment Request message:

- S-NSSAI/DNN ;

-  TSN domain;

-  UL/DL TSN synchronization;

The AMF select SMF for the UE requested PDU Session as below:

-
The SMF of the UE/DS-TT attached with the TSN GM to control the PDU session for the UL gPTP delivery if the UE request or UE subscription of S-NSSAI/DNN with activation of the UL TSN synchronization. 
-
Any SMF if the UE request or UE subscription of S-NSSAI/DNN with activation of the DL TSN synchronization. 
The SMF should select the same UPF of the UE/DS-TT attached with the TSN GM to control the PDU session for the UL gPTP delivery if the UE subscription of S-NSSAI/DNN with activation of the UL TSN synchronization. If it is not possible to select the same UPF, a different UPF is select for this UE, and a N19 forwarding tunnel is established and the UL gPTP message is transparently forwarded from the UPF of the UE/DS-TT attached with the TSN GM to the new selected UPF , then the gPTP message is forwarded to this UE as described in the Solution #1.

6.X.2.3
Functional Description for AF Requested TSN Synchronization Deactivation
After AF request the UDM via the NEF to cancel the configure UE/Group of UE SM Subscription for the TSN activation method by providing information as described in clause 6.x.2.1, the UDM will remove the UE/Group UE SM subscription for the TSN and sends the deactivation indication to all the registered SMFs of the UEs. And the SMF will initiate the PDU Session Release procedure.

If the N19 forwarding tunnel is established before for the UL TSN synchronization, the SMF will N4 session information to the source UPF to delete the forwarding rules.
6.X.3
Procedure
6.X.3.1
procedure for AF Requested TSN Synchronization Activation
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 Figure 6.X.3.1-1: AF Requested TSN Synchronization Activation
Step 0a. There is TSN GM attached to a DS-TT/UE to provide the UL gPTP message for the TSN Domain 1. This TSN GM DS-TT/UE PDU Session for the S-NSSAI/DNN uses the SMF and UPF1.
Step 0b. There is TSN GM for TSN domain 2 located in the   NW-TT side, and this TSN GM sends the DL gPTP message to all the UPF/NW-TT (e.g. in UPF1 and UPF2) connected the same ethernet network for S-NSSAI/DNN.

Step 1. The AF sends the Nnef_TSNConfiguration_Create Request (GPSI or External Group Identifier, S-NSSAI, DNN AF ID, TSN Domain ID, UL/DL TSN synchronization method, TSN Activation Indication) to the NEF. The TSN Activation Indication will indicate whether it is TSN Activation or Deactivation.
Step2. The NEF checks whether the AF is authorized to send the request.

Step 3, The NEF sends an Nudm_TSNAuthorisation_Get Request (GPSI or External Group Identifier, S-NSSAI, DNN, AF ID, TSN Domain ID, UL/DL TSN synchronization method, TSN Activation Indication) to the UDM to authorise the TSN synchronization configuration request for the received External Group Identifier or GPSI.
Step 4.
The UDM examines the Nudm_ TSNAuthorisation _Get Request message.
If TSN Activation Indication indicates TSN Activation and  the authorisation is successful and if an External Group Identifier was included in step 3, the UDM maps the External Group Identifier to an Internal-Group Identifier and a list of GPSIs and maps GPSIs to SUPIs and create new item for SM subscription data for the provided DNN and S-NSSAI with TSN domain.

Step 5. The UDM sends an Nudm_ TSNAuthorisation_Get Response (single value or list of (SUPI and GPSI), Result) message to the NEF to acknowledge acceptance of the Nudm_ TSNAuthorisation_Get Request.
Step 6.
The NEF sends a Nnef_ TSNConfiguration_Create Response (Cause) message to the AF to acknowledge acceptance of the Nnef_ TSNConfiguration_Create Request.
Step 7. UE initiates a PDU Session Establishment Request (S-NNSAI, DNN, UL/DL TSN Synchronization, TSN time Domain, ...), the UE Requested PDU Session establishment procedure and the SMF registered the PDU Session ID to the UDM are defined in clause 4.3.2.2.1 in TS 23.502[3] and the SMF and UPF are selected as described as in clause 6.X.2.

Step 8a. if DL TSN synchronization for TSN domain 2 is activated, the UPF2/NW_TT will update the Correct Field and forward the updated DL gPTP message to the UE/DS-TT and to the TSN end station behind the UE/DS-TT as defined in clause 5.27.1.2.2 of TS 23.501[2]. The TSN ES time is updated and is time synchronized with TSN domain 2 based on IEEE 802.1AS[6].

Step 8b. if DL TSN synchronization for 5GS domain is activated, the UPF2/NW_TT will generate the DL gPTP message for the 5GS TSN domain and sets Correct Field (e.g. zero) and forward the DL gPTP message to the UE/DS-TT and to the TSN end station behind the UE/DS-TT as defined in clause 5.27.1.2.2 of TS 23.501[2]. The TSN ES time is updated and is time synchronized with 5GS domain based on IEEE 802.1AS[6].

[Conditional]Step 9. For the UL TSN synchronization for TSN domain 1, and if different UPF is selected as described in clause 6.X.2, the SMF sends an N4 Session command to establish the N19 forwarding tunnel from the source UPF to the UE’s UPF of the PDU Session. A N19 UL forwarding GTP-U tunnel information is created by the SMF or the UPF2.

[Conditional]Step 10. If step 9 is performed, the SMF provide the N19 UL forwarding GTP-U tunnel information to the UPF1 and request the UPF1 to forward the UL gPTP message to the UPF2 via the N19 tunnel for the TSN domain 1.
[Conditional]Step 11. A N19 forwarding tunnel from the UPF1 to UPF2 for the UL gPTP message of TSN domain 1 is established.

[Conditional]]Step 12a, The UPF1 transparently forward the UL gPTP message of TSN domain 1 to the UPF2.
Step12b. UPF2 forward the UL gPTP message of TSN domain 1 to the UE/DS-TT and to the TSN end station behind the UE/DS-TT as defined in clause 5.27.1.2.2 of TS 23.501[2]. The TSN ES time is updated and is time synchronized with TSN domain 1 based on IEEE 802.1AS[6].

6.X.3.2
procedure for AF Requested TSN Synchronization Deactivation
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 Figure 6.X.3.2-1: AF Requested TSN Synchronization Deactivation
Step 0a. There is TSN GM attached to a DS-TT/UE to provide the UL gPTP message for the TSN Domain 1. This TSN GM DS-TT/UE PDU Session for the S-NSSAI/DNN uses the SMF and UPF1. If UL TSN Synchronization is activated to the UE connected to the UPF2, the UL gPTP message is transparently forwarded from the UPF1 to UPF2 and then to the UE/DS-TT as described in clause 6.x.3.1.

Step 0b. There is TSN GM for TSN domain 2 located in the  NW-TT side, and this TSN GM sends the DL gPTP message to all the UPF/NW-TT (e.g. in UPF1 and UPF2) connected the same ethernet network for S-NSSAI/DNN. If DL TSN Synchronization is activated to the UE connected to the UPF2/NW-TT, the DL gPTP message is forwarded from the UPF2/NW-TT and then to the UE/DS-TT as described in clause 6.x.3.1.

Step 0c. If DL TSN Synchronization for the 5GS domain is activated to the UE connected to the UPF2, the DL gPTP message is generated by the UPF2/NW-TT and is forwarded from the UPF2  to the UE/DS-TT as described in clause 6.x.3.1.

Step 1. The AF initiates the TSN synchronization Deactivation procedure as defined in steps 1 to 6 in clause 6.x.3.1 with the “TSN Activation Indication” will indicate TSN Deactivation. If TSN Activation Indication indicates TSN Deactivation and  the authorisation is successful, the UDM maps GPSIs to SUPIs and delete item for SM subscription data for the provided DNN and S-NSSAI with TSN domain and remove the registered SMF IDs and PDU Session IDs associated with this SM subscription.

Step2. The UDM sends the Nudm_UECM_DeregistrationNotification (SUPI, PDU Session ID, Cause:TSN Synchronization Deactivation) to the registered SMF IDs.
Step3. The SMF initiates the network requested PDUSession Release procedure as defined in clause 4.3.4.3 of TS 23.502[3]. The N4 session for the UPF2 is released and the downlink forwarding of gPTP message for TSN domain 1/2 or 5GS domain in UPF2 is stopped.

 If there an N19 forwarding tunnel for the TSN domain 1 UL gPTP message, the N19 forwarding tunnel resource is released.
Step 4. If there an N19 forwarding tunnel is released in step 3, the SMF informs the UPF1 to stop forwarding the UL gPTP message to the UPF2.
6.x.4
Impacts on existing entities and interfaces

AF

-
Provide new configuration to UDM via the NEF to activate/deactivate the TSN synchronization.

UDM
-
Dynamical create/remove the SM subscription data for TSN synchronization.

UE
-
Indicate the PDU Session Establish for the UL/DL TSN synchronization for  a TSN domain.

AMF
-
Select the same SMF for the PDU Sessions for UL TSN synchronization with the same TSN domain.
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