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Abstract of the contribution: This contribution proposes definition for TSN. Also proposes to introduce enablers  in a generic manner with TSN as one type of application requiring such enablers. 
1
Discussion

Problem statement #1

In order to support deterministic services (and applications such as Time Synchronized Networking), 3GPP network needs to have extended capabilities.

Besides from the many use-cases discussed for Industrial Ethernet and TSN, the table provides a list of example use-cases -cases from discussions for IETF Deterministic Networking calling for multi-hop and IP capabilities.

	Category
	Examples
	Typical requirements
	Deployments

	Pro A/V
	Broadcast events, audio/video sync, live sound, etc. 
	L3 IP, L2
1-10 ms ranges
	Up to wide geographical deployment, large venues. E.g. macro cell range

	Electrical Utilities
	Communication links to isolate faults on high voltage lines, transformers, reactors, etc. and to disconnect faulty parts via remote control
	L3 IP, L2

4-8 ms, symmetry (<250-750us)
	Up to wide geographical deployments, e.g. park of wind turbines, etc. E.g. macro cell range. 

	Building Automation Systems
	Includes control of DC motors, sensors, HVAC, etc.
	L3 IP, L2

<10-100ms, jitter <1ms
	Up to Wide area geographical deployment, e.g. macro cell range.

	Industrial M2M
	E.g. machine units (PLC) in a plant floor which periodically exchanges data with a supervisory controller (S-PLC)
	Converged IP

<100us – 50 ms, jitter very low
	Multiple sites where existing proprietary networks could be interfaced to a converged network via gateways or where devices could be connected directly to the converged network.

	Mining industry
	Autonomous operation and teleoperation of transport and extraction machines.  
	L3 IP

<20-100 ms
	Wide area and range. Existing networks are highly over-dimensioned to meet requirements.


Observation 1: Lots of deterministic use-cases requiring multi-hop and IP support, suitable for 5GS wide area “relaxed” deployment, see further examples in https://tools.ietf.org/html/draft-ietf-detnet-use-cases-17. 

Deterministic networking is a valuable asset for supporting the capabilities in 5G System. It should not be bound to a specific deployment or DetNet Standard. Use-cases are not strictly limited to LANs, Private Networks or any other specific setting but can be applied anywhere for multiple applications. 5GS can deliver many deterministic services within its own environment without relying on specific external “deterministic” standard.


Proposal #1: introduce “capabilities for supporting deterministic communication services” in the 5G System without relying on specific external standards or limiting ourselves to TSN only. We propose to introduce enablers for IEEE TSN support but introduce these enablers in a generic manner such that it can be used also for supporting deterministic services (in general) (i.e. services that require deterministic networking but not based on IEEE TSN)
We have an EN for introducing a definition for TSN.

Although there is no definition that could be found in the IEEE pages, we can derive one from the charter for IEEE TSN Group:

· “The Time-Sensitive Networking Task Group is part of the IEEE 802.1 Working Group. The charter of the TSN TG is to provide deterministic services through IEEE 802 networks, i.e., guaranteed packet transport with bounded low latency, low packet delay variation, and low packet loss.”. 

What is less clear from this definition is that TSN also provides synchronism as an underlying principle in its deterministic network service. This part is very important and allows devices connected to the network to operate synchronously with a common understanding of time which is also a key part in ensuring deterministic network capabilities. With time synchronization of network nodes and applications, and the notion of a schedule which defines when packets are sent and received (in other words, isochronous operation).
The mentioning of synchronized applications is the last important issue. As discussed in IETF papers, deterministic forwarding is only possible if the flow itself has well-defined characteristics. E.g. additional functionalities are needed to capture such characteristics in order to be able to configure the network for a flow in need of deterministic networking services. Over-dimensioning of network resources to meet flow requirements is not a viable approach in the deterministic networking space.

In terms of extensions needed (and compared to baseline URLLC), 5GS needs the following high level enhancements to support deterministic networking services

· UE and network must have a common accurate understanding of a well-defined System time

· 5G System must commit to bounded latencies, errors, and absolute delivery times for data flows

· Traffic of such data flows must be well characterized to the network enabling effective reservation and alignment of resources 
Here is a set of proposed definitions to be used for deterministic communication service including TSN and IETF DetNet:

Deterministic communication service: A communication service providing packet transport with bounds on latency, loss, packet delay variation (jitter), and reliability and where end systems and relay/transmit nodes can be strictly synchronized. 

Time Sensitive Networking (TSN): A set of standards to define mechanisms for the time-sensitive (i.e. deterministic) transmission of data over Ethernet networks under development by the Time-Sensitive Networking task group of the IEEE 802.1 working group.

IETF Deterministic Networking (DetNet): A set of standards to define mechanisms for enabling deterministic data paths that operate over Layer 2 bridged and Layer 3 routed segments, where such paths can provide bounds on latency, loss, and packet delay variation (jitter), and high reliability.
Time Sensitive Communication (URTSC): A communication service that supports deterministic communication and/or isochronous communication with high reliability and availability.
Proposal #2: introduce definition for deterministic networking and the essence of TSN as well as DetNet.
It is proposed to introduce the following changes in TR 23.734:

*** First Change ***

3.1
Definitions

For the purposes of the present document, the terms and definitions given in 3GPP TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in 3GPP TR 21.905 [1].



5GLAN Group: a set of UEs using private communication for 5G LAN-type service.

5G LAN-type service: a service over the 5G system offering private communication using IP and/or non-IP type communications.
5GLAN one to one communication: communication between two UEs in a 5GLAN group.

5GLAN one to many communication: communication between one UE and many UEs in a 5GLAN group.



IEEE Time Sensitive Networking (TSN): A set of standards to define mechanisms for the time-sensitive (i.e. deterministic) transmission of data over Ethernet networks under development by the Time-Sensitive Networking task group of the IEEE 802.1 working group.

private communication: a communication between two or more UEs belonging to a restricted set of UEs.
Editor’s note: The definition of 5GLAN Group, 5G-LAN type service, and private communication may be updated to align SA WG1 specification and further enhanced for the architecture development work.

Type-a network: a 3GPP network that is not for public use and for which service continuity and roaming with a public PLMN is possible. 
Editor's note: The relationship between type-a networks and PLMNs is FFS and will be clarified based on SA1 input.

NOTE:
According to TR 21.905 [1] PLMN is defined as "A telecommunications network providing mobile cellular services".
Type-b network: an isolated 3GPP network that does not interact with a public PLMN. 
Editor's note: The type-a and type-b network definitions will be aligned with SA1.

Time Sensitive Communication (TSC): A communication service that supports deterministic communication and/or isochronous communication with high reliability and availability. It is about providing packet transport with bounds on latency, loss, packet delay variation (jitter), and reliability, where end systems and relay/transmit nodes can be strictly synchronized.






*** Next Change ***

5.3.1
Key issue #3.1: System Enhancements to support Time Sensitive Networking (TSN)

5.3.1.1
Description

The objective of this Key Issue is to introduce support for Time Sensitive Networking in 5G System. With starting point in TR 22.804[6] and TS 22.261[2], further clarify reference scenarios (i.e. at the architectural level) for 5G System support for TSN, including functional as well as performance requirements related to TSN use-cases (e.g. user plane jitter versus synchronization requirements).

Editor’s note: definition for TSN is FFS.

The open issues for this key issue in order to support TSN are as follows:

-
What are the architecture assumptions and principles for supporting TSN in 5G System?

-
What are the necessary enhancements to QoS (e.g. new 5QI), policy framework to support TSN?

-
What are the necessary enhancements to 3GPP network to support scheduling requirements between UE(s) and application for wireless TSN deployment (e.g. coordination and synchronization of scheduling across multiple cells, multiple gNBs for multiple UE(s) etc.) in the 5G System for TSN support?

-
What are the impact on 5G System when TSN support is introduced due to mobility and determine to what extent TSN can be supported when there is mobility?

-
How and whether interworking and co-existence can be supported with existing TSN deployments should be identified?

-
It needs to be studied whether and how work done in other SDOs (e.g. IEEE, IETF) can be leveraged for support of TSN in 5G System e.g. scheduling of traffic (IEEE 802.1Qbv).

NOTE:
Items that are not specific to TSN are in the scope of FS_5G_URLLC. For instance, system enhancements to increase reliability (e.g. by potentially enabling support for IEEE 802.1CB) and to reduce handover related Jitter is in the scope of FS_5G_URLLC.
5.3.1
Key issue #x.x: System Enhancements to support Time Sensitive Communication
The objective of this Key Issue is to introduce support for Time Sensitive Communication Service in 5G System. With starting point in TR 22.804[6] and TS 22.261[2], further clarify reference scenarios (i.e. at the architectural level) for 5G System support for Time Sensitive Communication Service, including functional as well as performance requirements (e.g. user plane jitter versus synchronization requirements).

The open issues for this key issue in order to support TSC are as follows:

-
What are the architecture assumptions and principles for supporting TSC in 5G System?

-
What are the necessary enhancements to QoS (e.g. new 5QI), policy framework to support TSC?

-
What are the necessary enhancements to 3GPP network to support scheduling requirements between UE(s) and application for wireless TSN deployment (e.g. coordination and synchronization of scheduling across multiple cells, multiple gNBs for multiple UE(s) etc.) in the 5G System for TSC support?

-
What are the impact on 5G System when TSC support is introduced due to mobility and determine to what extent TSC can be supported when there is mobility?

NOTE:
Items that are not specific to TSC are in the scope of FS_5G_URLLC. For instance, system enhancements to increase reliability (e.g. by potentially enabling support for IEEE 802.1CB) and to reduce handover related Jitter is in the scope of FS_5G_URLLC.
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