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Abstract of the contribution: This document proposes to update Solution #1 for resolving ENs for clarification.

1
Discussion

There is an EN to be resolved in solution #1.
It was proposes that the following EN should be resolved by NOTE5, but was not agreed in SA2#141E.
Editor's note:
If SMF needs to know then how the SMF knows the UEs that need to communicate and which PDU sessions to associate is FFS.
NOTE 5:
Based on BMCA results, the TSN AF informs the SMF of the associated PDU sessions. That is, the TSN AF informs the SMF of the PDU Session for the DS-TT port with Slave role and the PDU Session for the DS-TT port with Master role.
It needs to be clarified that the the TSN AF should know port roles of BMCA results for the behavior of NOTE 5. If BMCA mechanism based on User Plane approach is used, the NW-TT shares port roles of BMCA results with TSN AF.
2
Proposal
The following change is proposed for TR 23.700-20.
*** First Change ***
6.1.3
Procedures

The procedure for synchronizing TSN end stations behind 5G System (NW-TT) with the TSN GM in the network attached to the device is described in Figure 6.1.3-1. It includes BMCA-related steps (step 1~3) because after those steps, the sync message forwarding tree is confirmed. In this case, TSN Node 0 should send sync messages to 5GS TSN Bridge, and the 5GS TSN Bridge should send sync messages to TSN Node 2. The remaining steps (step 4~8) follow principles in clause 5.27.1 of TS 23.501 [2], with the Ingress TT of DS-TT1 and the Egress TT of NW-TT.
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Figure 6.1.3-1: Procedure for synchronizing TSN end stations behind 5G System (NW-TT) with the TSN GM in the network attached to the device side via 5G System
1.
PDU Session Establishment includes UE MAC / Port Info for updates to TSN AF. After this step, TSN Node 0, 5GS logical bridge (DS-TT1/UE1, NW-TT/UPF) and TSN Node 2 can exchange Ethernet frames.

2.
At BMCA step, TSN nodes exchange Announce messages and build the Sync forwarding tree for TSN Sync messages. The Sync forwarding tree is per TSN working clock domain. BMCA procedure (6.1.3.3) is performed when a NW-TT port or a DS-TT port receives an Announce message.

3.
[Optional] If the operator decides to follow the recommendation to limit the bridge residence time to 10 ms, as defined in IEEE 802.1AS [6], clause B2.2 (stated as recommendation), then Based on the Sync frame forwarding information the TSN AF may trigger QoS setup for the Sync frame delivery. PDB1 which is the UL PDB for the QoS flow of PDU session for UE1, plus UE1-DS-TT residence time, should be less than 10ms, as the residence time in a node should be less than 10ms. This step can be skipped if step 1 satisfies the QoS requirements.

NOTE 1:
The PDB value for the case of dedicated synchronization communication (i.e. a QoS flow dedicated for transmitting gPTP messages) can be pre-configured by the operator at the PCF. In this case, the PCF sets up QoS parameter (i.e. PDB) to fulfil DS-TT to UPF delay to be less than 5 ms, such that the total limit is achieved, without the need for the PCF to learn if this concerns a DS-TT/UE to NW-TT/UPF communication or a DS-TT/UE to DS-TT/UE communication.

NOTE 2:
As a result of steps 2 and 3, BMCA Announce messages are delivered in a default QoS flow but only time synchronization messages are delivered in the new QoS flow.

4.
Sync message is delivered from the previous TSN node to DS-TT/UE1. It has time stamp of TSN GM clock. It also includes correction and rateRatio fields. The rateRatio is (GM clock frequency) / (local clock frequency).

5.
DS-TT/UE1 updates the Sync message. It adds the link delay between the DS-TT/UE1 and the previous TSN node to the correction field. It also updates the rateRatio field with the previous rateRatio multiplied by neighborRateRatio. The neighborRateRatio = (local clock frequency of the previous TSN Node) / (local clock frequency). It also attaches Ingress Timestamp based on 5G GM clock to the Sync message.

6.
Sync message is delivered from DS-TT/UE1 towards NW-TT/UPF. It has time stamp of TSN GM clock. It also includes correction, rateRatio and Ingress Timestamp fields.

7.
NW-TT regenerates the Sync message. It calculates the residence time as Egress 5G GM Time - Ingress 5G GM TS) * rateRatio in the sync message. It updates the correction field as the previous correction field value + the residence time. Then, it removes the Ingress timestamp.

8.
Sync message is delivered from the NW-TT to TSN Node 2. It has time stamp of TSN GM clock. It also includes correction and rateRatio fields.

The procedure for synchronizing TSN end stations behind other UE(s) with the TSN GM in the network attached to the device is described in Figure 6.1.3-2. It also includes BMCA-related steps (step 1~3). After those steps, the sync message forwarding tree is confirmed. In this case, TSN Node 0 should send sync messages to 5GS TSN Bridge, and the 5GS TSN Bridge should send sync messages to TSN Node 3. The remaining steps (step 4~8/8a) follow principles in clause 5.27.1 of TS 23.501 [2], with the Ingress TT of DS-TT1 and the Egress TT of DS-TT2.
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Figure 6.1.3.2-2: Procedure for synchronizing TSN end stations behind other UE(s) with the TSN GM in the network attached to the device side via 5G System
1.
PDU Session Establishment includes UE MAC / Port Info for updates to TSN AF. After this step, TSN Node 0 and 5GS logical bridge (DS-TT1/UE1, NW-TT/UPF) can exchange Ethernet frames.

1a.
For UE-to-UE case, PDU Session Establishment includes UE MAC / Port Info for updates to TSN AF. After this step, TSN Node 3 and 5GS logical bridge (DS-TT2/UE2, NW-TT/UPF) can exchange Ethernet frames. Local switching at the UPF is also enabled.

2.
At BMCA step, TSN nodes exchange Announce messages and build the Sync forwarding tree for TSN Sync messages. The Sync forwarding tree is per TSN working clock domain. BMCA procedure (6.1.3.3) is performed when a NW-TT port or a DS-TT port receives an Announce message.

3.
[Optional] If the operator decides to follow the recommendation to limit the bridge residence time to 10 ms, as defined in IEEE 802.1AS [6], clause B2.2 (stated as recommendation), then Based on the Sync message forwarding information the TSN AF may trigger QoS setup for the Sync message delivery. PDB1, which is the UL PDB for the QoS flow of PDU session for UE1, should be less than 10ms, as the residence time in a node should be less than 10ms.

3a.
[Optional] If the operator decides to follow the recommendation to limit the bridge residence time to 10 ms, as defined in IEEE 802.1AS [6], clause B2.2 (stated as recommendation), then, Based on the Sync message forwarding information, the TSN AF may trigger QoS setup. As the TSN AF can know DS-TT1/UE1 forwards Sync messages to DS-TT2/UE2 via local switching at the UPF, it sets the QoS should meet the sum of PDB1, UE1/DS-TT1 residence time, local switching delay, UE2/DS-TT2 residence time and PDB2 should be less than 10ms. PDB2 is the DL PDB for the QoS flow of PDU session for UE2. For this, the TSN AF may trigger the QoS change for PDU session for UE1.

NOTE 3:
Calculation of the UE-UE delay can be consistent with the UE-UE TSC communication solution chosen.
NOTE 4:
The PDB value for the case of dedicated synchronization communication (i.e. a QoS flow dedicated for transmitting gPTP messages) can be pre-configured by the operator at the PCF. In that case, the PCF sets up QoS parameter (i.e. PDB) in all cases fulfilling DS-TT to UPF delay to be less than 5 ms, such that the total limit is achieved.

NOTE 5:
Based on BMCA results, the TSN AF informs the SMF of the associated PDU sessions. That is, the TSN AF informs the SMF of the PDU Session for the DS-TT port with Slave role and the PDU Session for the DS-TT port with Master role. Even if BMCA mechanism based on User Plane approach is used, the NW-TT shares port roles of BMCA results with TSN AF.
NOTE 6:
As a result of steps 2 and 3, BMCA Announce messages are delivered in a default QoS flow but only time synchronization messages are delivered in the new QoS flow.


4.
Sync message is delivered from the previous TSN node to DS-TT/UE1. It has time stamp of TSN GM clock. It also includes correction and rateRatio fields. The rateRatio is (GM clock frequency) / (local clock frequency).

5.
DS-TT/UE1 regenerates the Sync message. It adds the link delay between the DS-TT/UE1 and the previous TSN node to the correction field. It also updates the rateRatio field with the previous rateRatio multiplied by neighborRateRatio. The neighborRateRatio = (local clock frequency of the previous TSN Node) / (local clock frequency). It also attaches Ingress Timestamp based on 5G GM clock to the Sync message.

6.
Sync message is delivered from DS-TT/UE1 towards NW-TT/UPF. It has time stamp of TSN GM clock. It also includes correction, rateRatio and Ingress Timestamp fields.

6a.
For UE-to-UE case, the NW-TT/UPF performs local switching and forwarding for the Sync message. Before local switching, the NW-TT/UPF can perform multiplication if needed.

6b.
For UE-to-UE case, Sync message is delivered from the NW-TT/UPF to DS-TT/UE2. It has time stamp of TSN GM clock. It also includes correction, rateRatio and Ingress Timestamp fields.

7a.
For UE-to-UE case, DS-TT/UE2 updates the Sync message. It calculates the residence time as Egress 5G GM Time - Ingress 5G GM TS) * rateRatio in the sync message. It updates the correction field as (the previous correction field value) + (the residence time). Then, it removes the Ingress timestamp.

8a.
For UE-to-UE case, Sync message is delivered from the DS-TT/UE2 to TSN Node 3. It has time stamp of TSN GM clock. It also includes correction and rateRatio fields.

*** End of changes ***
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