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Abstract: This discussion paper proposes to study how to adapt 5GS URLLC solutions to support the typical industrial redundancy for high reliability, and propose to bring back the deleted objective for redundancy in FS_5GTTUe SID.
1. Introduction
3GPP has defined URLLC functionalities to enable more verticals and industrial deployments, like redundant transmission for high reliability communication on dual connectivity or multiple UEs, but as discussed since SA2#145E e-meeting, there are still some challenges to fulfil the requirements of verticals and industrial deployments with some redundancy protocols based on ring topology, such as MRP (Media Redundancy Protocol) [1] and HSR (High-availability Seamless Redundancy) [2].
2. Discussion
Since Rel-16, redundant transmission for high reliability communication is defined to support URLLC, like dual connectivity or multiple UEs based end to end redundant user plane paths. The architectures are as follows: 


  
End to end redundant User Plane paths using Dual Connectivity  Architecture with redundancy based on multiple UEs in the device
When 5GS is deployed to support vertical URLLC applications in the OT field network, some industrial redundancy protocols may be used in the deployment, like MRP, HSR, which are based on ring topology. There are some issues identified to be solved in the 5GS.
· Adapting MRP in 5GS: 
The following Figure 2.1 shows the ring topology when MRP(Media Redundancy Protocol) is applied in wired networking. In the figure, the MRM, MRC#1, MRC#2… MRC#n are devices which support MRP protocols, and EN1, EN2…ENn are end nodes, which can be IO, PLC, or other industrial equipment. 
When EN1 is going to send a packet to EN4 in wired networking, the transmission path of the packet will be: EN1->MRC#1-> MRC#2-> MRC#3-> MRC#4->EN4, or EN1-> MRC#n-> MRC#n-1->… MRC#4->EN4, depending on the forwarding and blocked direction managed by MRM. 

[image: ]        [image: ]
Figure 2.1: Ring topology redundant in wired networking     Figure 2.2 5GS adapt the ring redundant topology via redundant transmission architectures
When MRP is applied via 5GS, each MRC and its end node can be accessed via two UEs, as shown in Figure 2.2, each connecting to the 5GS via a PDU session.
· When EN1 is going to send a unicast packet to EN4 via 5GS, the transmission path of the packet will be: EN1 connected to MRC#1 sends the packet via UE11 or UE12, then to the UPF in uplink, afterwards, the UPF sends the packet in downlink to UE41 or UE42 of MRC#4 and then to the EN4. 
However, in this case, if the UPF does not know the MAC address of EN4 and is not able to identify the destination of the packet, it will have to send the packet to all end nodes connected to MRC#2, MRC#3…MRC#n. Except the MRC#4 which will accept the packet for EN4, all other MRCs will circularly forward the packets to the UPF, finally resulting in packet flooding. This issue should be addressed in order that 5GS is able to support MRP based vertical deployment in 5GS.
· When one end node is sending a broadcast packet, similarly, the UPF will send the packet to each MRC, and the MRC will always send the packet to its connected end node, and also forward the packet back to the UPF, which results in the same packet flooding issue.
· Adapting HSR in 5GS: 
HSR supports parallel redundant transmission, while it is also based on ring network topology and has the similar problem as MRP in 5GS when it works in packet forwarding mode (The HSR switch, when receiving the unicast packets that either do not target it or are broadcast packets, will forward the packets). Therefore, similar study as for MRP is needed.
3. Conclusion and proposal(s)
Based on the above discussion, it is proposed to study in FS_5GTTUe (Study on 5G Timing Resiliency and TSC&URLLC enhancements) how to adapt 5GS URLLC to support the industrial redundancy protocols based on ring topology for high reliability and bring back the deleted objective regarding reliability as a sub-objective to the WT#2 in the FS_5GTTUe as below:
· Study how to adapt 5GS to support the typical industrial redundancy protocols based on ring topology.
This sub-objective requires additional 1 TU estimate for study and 0.5 TU for normative.
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