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Abstract of the contribution: This paper proposes a way forward for various open issues for TSN support.
1
Background
SA2#131 agreed various CRs on support of TSN in 5GS. This paper addresses some of the remaining open issues, which were captured as Editor's notes.
2
Discussion

2.1
Terminology

In order to clearly differentiate the two TSN translators needed to support TSN within 5GS the following terms are introduced:

-
Device-side TSN translator (DS-TT)
-
NW-side TSN translator (NW-TT)

It is proposed to also reflect those definitions in TS 23.501.

Proposal 1: Introduce the terms Device-side TSN translator (DS-TT) and NW-side TSN translator (NW-TT) into TS 23.501 to clearly differentiate the two TSN translator functions.
2.2
Functionality of TSN translator

TS 23.501 contains the following Editor's note:
Editor's note
Support for functionalities other than hold and forward within the TSN Translator is FFS.

SA2#131 agreed hold and forward functionality for both DS-TT and NW-TT. One additional functionality not yet agreed which however appears necessary to support flexible and efficient integration of 5GS into Ethernet domains is topology discovery. Topology discovery is typically enabled using link layer connectivity discovery and reporting as defined in IEEE 802.1AB [1]. Therefore it is proposed to support IEEE 802.1AB on both DS-TT and NW-TT.
Proposal 2: Introduce support for IEEE 802.1AB on both DS-TT and NW-TT.
2.3
Relationship between TSN translators and UE/UPF
TS 23.501 contains the following Editor's note:
Editor's note:
If TSN Translator is outside the UE/UPF or not is FFS. 

The functionality described in the previous section (hold and forward and link layer connectivity discovery and reporting) operate on a per Ethernet port basis. There is no relationship to other existing functionalities of UE and UPF.
Also, functionalities of the TSN translator may be extended based on the needs of specific industrial automation scenarios, e.g. to support additional managed objects for hold and forward or link layer connectivity discovery functionality or also to support additional IEEE 802.1 functionalities.
Proposal 3: To enable extensibility of TSN translator functionality independent of other functions of 5GS, it is proposed to keep the TSN translator functionality separate from UE and UPF.

2.4
Details of TSN pattern for hold and forward operation
TS 23.501 clause 5.27.3 contains the following Editor's note.
Editor’s note: The TSN pattern information provided to the TSN translator in the device (via the UE) to enable HnF buffering is FFS (e.g. whether it is provided on per TSN stream basis).
In an IEEE 802.1Qbv [2] enabled TSN system the CNC provides a list of gate operations per traffic class per port to control the time-aware Qbv scheduler for each port of the bridge (see Gate Parameter table in clause 12.29.1 in IEEE 802.1Qbv [2]). 

As illustrated in [3], the relevant information from the Gate Parameter table is
-
the AdminControlList (consisting of GateControlEntries to describe gate states and duration for those states per traffic class per port), and

-
a reference time (AdminBaseTime) to define the starting point for the cyclic schedule defined by the AdminControlList.
Note that the AdminBaseTime is a time value expressed as a PTP timescale, i.e. is in this context a time value in reference to the TSN time.
As per TS 23.501 clause 5.27.4, the "TSN Translator on the UL and DL schedules traffic as defined in IEEE 802.1Qbv [2]" and also "NOTE: How Hold and Forward buffer is supported by the TSN Translator is up to implementation.".

This means that even though the details of the Hold and Forward buffer are up to implementation, 5GS has to provide the information needed to parameterize the hold and forward functionality from 5GS to DS-TT and NW-TT (i.e. AdminControlList and AdminBaseTime).
It is worth noting that DS-TT and NW-TT inter-operate 5GS and external TSN-enabled Ethernet networks, i.e. they operate the egress Ethernet ports for which the hold and forward functionality needs to be enabled. Given that DS-TT and NW-TT operate on Ethernet port level, it is proposed to send AdminControlList as-is to DS-TT and NW-TT (i.e. without further conversion).

AdminBaseTime is a time value in relation to TSN time. Since DS-TT can easily be aware of the TSN time, and to avoid issues due to 5GS clock and TSN clock drifting apart, it is proposed to send AdminBaseTime as-is to DS-TT (i.e. without further conversion to 5GS time). For the same reason (avoiding issues due to clock drift), it is proposed to send AdminBaseTime as-is to NW-TT. Note that this implies that NW-TT needs to be aware of TSN time.
Proposal 4:
Information needed to enabled hold and forward functionality consists of AdminControlList and AdminBaseTime as defined in IEEE 802.1Qbv [2]. AdminControlList and AdminBaseTime are forwarded as received from CNC (i.e. without further conversion) to DS-TT and NW-TT.
2.5
Information exchange between 5GS and TSN translators for bridge management

As per section 2.2, in this release of the specifications it is proposed to support hold and forward functionality as per IEEE 802.1qbv and link layer discovery as per IEEE 802.1AB on DS-TT and NW-TT.
To enable the 5GS bridge to control these functionalities, management information needs to be exchanged between the NF terminating the interface to the CNC (e.g. TSN AF) and DS-TT and NW-TT.
For link layer discovery and reporting this information includes as a minimum:
-
TSN AF to DS-TT/NW-TT: LLDP configuration such as Chassis ID and Port ID as per IEEE 802.1AB

-
DS-TT/NW-TT to TSN AF: Information about discovered neighbors as per IEEE 802.1AB

For hold and forward functionality as per IEEE 802.1qbv and link layer discovery and reporting this information includes as a minimum:

-
DS-TT/NW-TT to TSN AF: Tx propagation delay, tick granularity, residence time

-
TSN AF to DS-TT/NW-TT: Gate control information (AdminControlList and AdminBaseTime)
It is worth pointing out that all this information relates to Ethernet ports on DS-TT and NW-TT and is therefore conceptually separate from the rest of the 3GPP system.

Observation 1: Bridge management of DS-TT and NW-TT refers to Ethernet ports on DS-TT and NW-TT and is conceptually separate from the rest of the 3GPP system.

Furthermore, as already mentioned in section 2.3, functionalities of the TSN translators may be extended based on the needs of specific industrial automation scenarios, e.g. to support additional managed objects for hold and forward or link layer connectivity discovery functionality or to support additional IEEE 802.1 functionalities.
Therefore it is not useful to specify bridge management information needed for IEEE 802.1 functionalities directly inside NAS as this would require NAS updates just because additional management information with DS-TT (and NW-TT) needs to be conveyed throughout the system. The same applies to interfaces carrying session-related information within the core network.

Observation 2: It is not useful to specify bridge management information needed for IEEE 802.1 functionalities directly inside NAS and session-related protocols in the core network to avoid having to update UE and 5GS in order to support additional TSN translator functionality, which are actually separate from 5GS.
Proposal 5: It is proposed to convey bridge management information between TSN AF and DS-TT/NW-TT transparently through 5GS (i.e. transparently for NAS and session management protocols used in the core network).

2.6
TSN configuration models
TS 23.501 clause 4.4.8.2 contains the following Editor's note.
Editor's note:
Whether the hybrid (centralized and distributed) model will be supported is FFS.

There is currently no SA1 requirement pointing to the need to support the hybrid (centralized and distributed) configuration model. Furthermore, given that Talkers and Listeners need to be updated anyhow to support TSN functionality it is reasonable to assume that those can also be updated to support the centralized configuration model (i.e. interact with the CUC) that has already been agreed to be supported in Rel-16 as per TS 23.501.

Proposal 6: Support only the fully centralized model in the Rel-16 version of the specifications.
2
Proposal

This paper has made the following proposals:
-
Proposal 1: Introduce the terms Device-side TSN translator (DS-TT) and NW-side TSN translator (NW-TT) into TS 23.501 to clearly differentiate the two TSN translator functions.

-
Proposal 2: Introduce support for IEEE 802.1AB on both DS-TT and NW-TT.

-
Proposal 3: To enable extensibility of TSN translator functionality independent of other functions of 5GS, it is proposed to keep the TSN translator functionality separate from UE and UPF.

-
Proposal 4: Information needed to enabled hold and forward functionality consists of AdminControlList and AdminBaseTime as defined in IEEE 802.1Qbv [2]. AdminControlList and AdminBaseTime are forwarded as received from CNC (i.e. without further conversion) to DS-TT and NW-TT.

-
Proposal 5: It is proposed to convey bridge management information between TSN AF and DS-TT/NW-TT transparently through 5GS (i.e. transparently for NAS and session management protocols used in the core network).

-
Proposal 6: Support only the fully centralized model in the Rel-16 version of the specifications.

In line with this, it is proposed to agree the companion CR in S2-1903274.
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