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Abstract of the contribution: The paper provides a short overview of the TSN redundancy solution which can be re-used over 3GPP networks as well. 
Discussion
IEEE 802.1 has been standardizing Time Sensitive Networking (TSN) to provide low and bounded end to end latency as well as high reliability. As part of this standards effort, the IEEE 802.1CB Frame Replication and Elimination for Reliability (FRER) [X] is the standard to provide high reliability, primarily for Ethernet networks. We give a short overview of the solution as it may also be applied over 5G networks as well. 

This standard provides identification and replication of frames for redundant transport over multiple paths. When received, the duplicate frames can be identified based on sequence numbering, and the duplicates are eliminated. 
The Figure below illustrates the FRER solution in an example. At switch N1, the frames are duplicated, and sequence numbers are added to the frame headers. The different copies of the frames are forwarded via disjoint paths in the network. At switch N2, the duplicates are identified based on the sequence numbers, and only one copy is forwarded, the redundant copies are eliminated. The ordering of the frames can also be maintained at N2 based on the sequence numbering. Generally speaking, FRER can be considered as a per frame level 1+n redundancy solution. 
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The solution can be configured in a flexible way. It is possible to apply more than two paths for additional redundancy. A FRER entity can play the replication role and the elimination role at the same time for the two different directions. 

In typical deployments, the FRER functionality is set up using management protocols, and controlled by a centralized entity. Note that it is possible to set up FRER functionality both at intermediate switches, or at end hosts, even though the central controller and the management protocol may differ. There can be multiple replication and elimination points defined for a flow depending on the requirements and the network characteristics. The set up of the FRER functionality by means of a central controller is not part of the 802.1CB standard. IEEE P802.1Qcc specifies centralized TSN configuration both for bridges and end hosts, including FRER.

It is possible to apply FRER for redundant user plane paths in a network including 3GPP links, where the network might also include fixed parts. An example is shown in the Figure below. In this example, the 3GPP network provides two PDU Sessions with redundant paths, using some of the newly proposed solutions, where the redundant paths also extend to the fixed Ethernet nodes. That is, the redundant paths are provided between the terminal Host A and server Host B. FRER is performed between Host A and Host B. More sophisticated scenarios may also apply. The setup of the FRER functionality in the terminal device and in Host B may take place by a centralized controller, out of scope of 3GPP. The 3GPP network’s scope is to control the set up of the two independent PDU Sessions within the 3GPP network. The interface between the host’s FRER functionality and the UE is implementation specific and out of 3GPP scope; the different PDU sessions appear towards the rest of the Host as multiple Ethernet interfaces. 
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Proposal
It is proposed to add the short overview to TR 23.725 as an informational annex and reference the corresponding IEEE document.
* * * * Start of Change * * * *
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Annex X (Informative): Overview of IEEE TSN Frame Replication and Elimination for Reliability

Following Annex describes IEEE TSN overview and possible applicability to 3GPP networks.
IEEE 802.1 has been standardizing Time Sensitive Networking (TSN) to provide low and bounded end to end latency as well as high reliability. As part of this standards effort, the IEEE 802.1CB Frame Replication and Elimination for Reliability (FRER) [X] is the standard to provide high reliability, primarily for Ethernet networks. 

This standard provides identification and replication of frames for redundant transport over multiple paths. When received, the duplicate frames can be identified based on sequence numbering, and the duplicates are eliminated. 
The Figure below illustrates the FRER solution in an example. At switch N1, the frames are duplicated, and sequence numbers are added to the frame headers. The different copies of the frames are forwarded via disjoint paths in the network. At switch N2, the duplicates are identified based on the sequence numbers, and only one copy is forwarded, the redundant copies are eliminated. The ordering of the frames can also be maintained at N2 based on the sequence numbering. Generally speaking, FRER can be considered as a per frame level 1+n redundancy solution. 
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Figure X-1: Illustration of IEEE TSN Replication and Elimination function
The solution can be configured in a flexible way. It is possible to apply more than two paths for additional redundancy. A FRER entity can play the replication role and the elimination role at the same time for the two different directions. 

In typical deployments, the FRER functionality is set up using management protocols, and controlled by a centralized entity. Note that it is possible to set up FRER functionality both at intermediate switches, or at end hosts, even though the central controller and the management protocol may differ. There can be multiple replication and elimination points defined for a flow depending on the requirements and the network characteristics. The set up of the FRER functionality by means of a central controller is not part of the 802.1CB standard. IEEE P802.1Qcc specifies centralized TSN configuration both for bridges and end hosts, including FRER.

The FRER adds 6 bytes to the Ethernet header, what is called Redundancy tag, or just “R-tag”. The R-tag consists of 2 bytes for the EtherType which identifies the tag as an R-tag, 2 bytes for the actual sequence number, and 2 bytes reserved for future versions of the protocol.
It is possible to apply FRER for redundant user plane paths in a network including 3GPP links, where the network might also include fixed parts. An example is shown in the Figure below. In this example, the 3GPP network provides two PDU Sessions with redundant paths, using some of the newly proposed solutions, where the redundant paths also extend to the fixed Ethernet nodes. That is, the redundant paths are provided between the terminal Host A and server Host B. FRER is performed between Host A and Host B. More sophisticated scenarios may also apply. The setup of the FRER functionality in the terminal device and in Host B may take place by a centralized controller. The 3GPP network set up of the two independent PDU Sessions within the 3GPP network. The interface between the host’s FRER functionality and the UE is implementation specific; the different PDU sessions appear towards the rest of the Host as multiple Ethernet interfaces. 
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Figure X-2: Example illustration of integrating redundant 5G user plane paths (green) into the IEEE TSN FRER approach
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