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Discussion
Time-Sensitive Networking (TSN) is an important functionality of industrial communication networks. Such industrial communication networks are usually IEEE 802.1-based networks with Ethernet links (non-3GPP network). Time synchronization is an important functionality for TSN and is specified in IEEE 802.1AS.
5G networks provide advantages for cyber-physical control applications with respect to flexibility and mobility due to their radio access network with low latency, high availability, high reliability, and time synhchronization capabilities over wireless links. On the other hand, IEEE-802.1-based TSN networks provide advantages with wired connectivity for cyber-physical control applications, especially for demanding real-time control applications and periodic-deterministic communication, also with very high availability requirements.
Due to the different pros and cons, many industrial communication networks will deploy both, non-public 5G networks and IEEE 802.1-based TSN networks. An integration of 5G networks and IEEE 802.1-based TSN networks is necessary. This integration is further necessitated by the large number of installed industrial communication networks on the basis of IEEE 802.1/3 technology (non-3GPP networks).
This contribution to TR 22.832 provides several important and interesting integration scenarios. Furthermore, it describes several general mappings between sync master/device and 5G network elements.
The following mappings of sync devices and sync master on an integrated 5G network / TSN network are described:

· 5G network on the path of sync messages (one wireless link)

· 5G network on the path of sync messages (two wireless links)

· 5G network on the path of sync messages (multiple sync message flows on wireless link)

· 5G UE as sync device
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3.2
Abbreviations

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

Abbreviation format (EW)

gPTP
generalized precision time protocol

PTP
precision time protocol

TSN
time-sensitive networking

<ACRONYM>
<Explanation>
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5.d
Integration of 5G networks with TSN networks (time synchronization)

5.d.1
Description

Time-Sensitive Networking (TSN) is an important functionality of industrial communication networks. Such industrial communication networks are usually IEEE 802.1-based networks with Ethernet links (non-3GPP network). Time synchronization is an important functionality for TSN and is specified in IEEE 802.1AS [d2].

5G networks provide advantages for cyber-physical control applications with respect to flexibility and mobility due to their radio access network with low latency, high availability, high reliability, and time synhchronization capabilities over wireless links. On the other hand, IEEE-802.1-based TSN networks provide advantages with wired connectivity for cyber-physical control applications, especially for demanding real-time control applications and periodic-deterministic communication, also with very high availability requirements.

Due to the different pros and cons, many industrial communication networks will deploy both, non-public 5G networks and IEEE 802.1-based TSN networks. An integration of 5G networks and IEEE 802.1-based TSN networks is necessary. This integration is further necessitated by the large number of installed industrial communication networks on the basis of IEEE 802.1/3 technology (non-3GPP networks).

The integration between the IEEE 802.1-based non-3GPP networks and the 5G networks will be through the 5G LAN service of the 5G network on the network side and/or on the UE side (see Figure 5.d.1-1). The integration on the UE side is used, for instance, in use cases where machinery, AGVs, or robots with their own internal network (wired, TSN) are connected to the backhaul part of the industrial communication network through a 5G wireless link in order to enable mobility or tetherless movements.

xxx

Figure 5.d.1-1: Integration of IEEE 802.1-based networks with 5G networks (network side, UE side)

Depending on the actual physical process, the actual cyber-physical control application, the design of the machinery, AGVs, and robots, and the design of the integrated industrial communication network, different mappings of TSN/time synchronization functionalities to 5G network elements are possible. 

In general, the different functionalities for the time/clock synchronization are completely unrelated to the industrial communication network except that they need the communication network for distributing the time/clock synchronization messages. Especially, the functionalities of sync master and sync device can be associated with any network device in the industrial communication network. Clause 5.d.2 lists different options for the mapping of sync master and sync device to 5G network elements. Clause 5.d.3 provides important and interesting mappings of sync devices and sync master on an integrated 5G network / TSN network.
Time/clock synchronization is done within time domains or synchronization domains. There is usually one global time domain, that covers the whole industrial communication network, and multiple working clock domains, that are local and restricted to the devices that work together. More information on time domains, global time domain, and working clock domains can be found in TS 22.104 [d3] Annex D. The generalized precision time protocol (gPTP) is used for time/clock synchronization in IEEE 802.1AS [d2].

5.d.2
Pre-conditions

5.d.2.1
Location of sync master

In general, the sync master can be located on any device that is performant enough to provide the sync master functionality.

For the global time domain, the sync master is usually located in the backhaul part or central part of the industrial communication network (non-3GPP network). This often leads to gPTP messages entering the 5G network through the 5G LAN service on the network side.

For the working clock domains, the location of the sync master depends on the layout of the integrated 5G network / TSN network and the design of the machinery and production cell (the scope of the working clock domain). The following mappings for the sync master of a working clock domain are possible:

- on a device in the non-3GPP network connected to the 5G newtork through the 5G LAN service on the network side

- on a device in the core network of the 5G network

- on a device in the RAN of the 5G network

- on a UE

- on a device in the non-3GPP network connected to the 5G network through the 5G LAN service on the UE.

5.d.2.2
Location of sync device

In general, any device that is performant enough to handle the sync device functionality can be a sync device. Usually, all end devices with time/clock synchronization will be sync devices.

The location of a sync device depends on the layout of the integrated 5G network / TSN network and the design of the machinery and production cell (the scope of a working clock domain). The following mappings for a sync device in a time/synchronization domain are possible:

- on a device in the non-3GPP network connected to the 5G newtork through the 5G LAN service on the network side

- on a UE

- on a device in the non-3GPP network connected to the 5G network through the 5G LAN service on the UE.

5.d.3
Service Flows

5.d.3.1
5G network on the path of sync messages (one wireless link)

The 5G network is on the path of gPTP time/clock synchronization messages. The sync master is in the non-3GPP TSN network connected to the 5G newtork through the 5G LAN service on the network side. Several sync devices are in the non-3GPP TSN network connected to the 5G network through the 5G LAN service on the UE.

5.d.3.2
5G network on the path of sync messages (two wireless links)

The 5G network is on the path of gPTP time/clock synchronization messages. The sync master is in the non-3GPP TSN network connected to the 5G newtork through the 5G LAN service on a UE (UE A). Several sync devices in the non-3GPP TSN network are connected to the 5G network through the 5G LAN service on another UE (UE B).

5.d.3.3
5G network on the path of sync messages (multiple sync message flows on wireless link)

The the devices of the non-3GPP TSN network behind a single 5G UE belong to two or multiple working clock domains. The sync devices are connected to the 5G network through the 5G LAN service on this single UE. The different sync masters are in the non-3GPP TSN network behing the 5G network, that is, the sync masters are connected to the 5G newtork through the 5G LAN service on the network side. The UE has to handle multipe working clock domains / sync message flows.

5.d.3.4
5G UE as sync device

A cyber-physical control application may connect through a 5G UE directly to the 5G network. The 5G UE will be a sync device.

5.d.4
Post-conditions

Arbitrary combinations of mappings between sync master / sync device and network elements of an integrated 5G network / non-3GPP TSN network are supported.
5.d.5
Existing features partly or fully covering the use case functionality

General requirements for clock synchronization and TSN are contained in TS 22.104 [d3].
5.d.6
Potential New Requirements needed to support the use case

[PR-5.d.6-001]
The 5G system shall be able to support the handling of multiple time domains on a UE.

[PR-5.d.6-002]
The 5G system shall be able to support clock synchronization through the 5G network if the sync master and the sync devices are in non-3GPP TSN networks connected to the 5G network through different UEs.
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6
Merged potential service requirements

Editor’s note: This Clause proposes consolidated potential unique further 5G service requirements based on the vertical use cases and potential 5G service requirements for communication for cyber-physical control applications in Clause 5 .

6.1
Industrial Ethernet integration

This clause contains merged and consolidated potential service requirements related to Industrial Ethernet integration, which includes time synchronization, different time domains, integration scenarios, and support for time-sensitive networking (TSN).

[PR-22832-6.1-00d]
The 5G system shall be able to support the handling of multiple time domains on a UE.

[PR-22832-6.1-00e]
The 5G system shall be able to support clock synchronization through the 5G network if the sync master and the sync devices are in non-3GPP TSN networks connected to the 5G network through different UEs.
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