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Abstract of the contribution: This contribution proposes a solution for Key Issue 1: Supporting high reliability by redundant transmission in user plane.
Discussion
In SA2 5G URLLC TR 23. 725, there is a key issue on supporting high reliability by redundant transmission in user plane. Redundant transmission can be used to guarantee the high reliability requirement in the 5G URLLC scenario.
In order to establish the suitable redundant transmission path, the network needs to first identify which network element is unreliable. One possible scenario is that the UPF in the core network is congested and becomes unreliable, but the radio resource is sufficient. In this case, the redundant transmission path is only needed in the user plane within the core network. 
Proposal

This contribution proposes to add the following solution “Redundant Transmission in core network user plane” in TR 23.725.
*** start of changes ***
6.X
Solution #X: Redundant Transmission in core network user plane
6.X.1
Description

6.X.1.1 
Introduction

This solution is intended to address Key Issue 1: Supporting high reliability by redundant transmission in user plane.

In order to establish the suitable redundant transmission path, the network needs to first identify which network element is unreliable. One possible scenario is that the UPF in the core network is overloaded and becomes unreliable, whereas the radio resources are sufficient. In this case, the redundant transmission path can be established in the user plane within the core network. It is possible to rely on upper layer protocols, such as the IEEE TSN (Time Sensitive Networking) shown in Annex A, to manage the replication and elimination of redundant packets/frames over the multiple paths in this solution.
6.X.1.2 
Functional Description

Fig.6.x.1.2-1 shows a possible data transmission path for a PDU session which contains URLLC QOS flow. The user plane has at least one UPF, i.e. UPF 1. It may also contain UPF 0, UPF 3, or both.
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Fig.6.x.1.2-1 A possible data transmission path for a PDU session

When the network identifies UPF 1 as an unreliable node, due to e.g. load information, the network decides to add a redundant transmission node UPF 2 for the PDU sessions which contain the URLLC QOS flows and are served by UPF 1. Based on the possible UPF topology, the network may estabilsh the redundant transmission path as follows: 

· UPF 0 and UPF 3 have already existed in the user plane of the PDU session.

The network adds UPF 2 in the redundant path, indicates UPF 0 as the Uplink Replication node, and UPF 3 as the Downlink Replication node, as shown in Fig. 6.x.1.2-2.

For uplink packets, UPF 0 makes the replication and sends them to both UPF 1 and UPF 2. UPF 3 eliminates the replication of the uplink packets;

For downlink packets, UPF 3 makes the replication and sends them to both UPF 1 and UPF 2. UPF 0 eliminates the replication of the downlink packets. 
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Fig. 6.x.1.2-2 Redundant transmission within core network user plane- Scenario 1
· UPF 0 hasn’t existed in the user plane of the PDU session, i.e. UPF 1 has the N3 interface with RAN. 

The network may add UPF 0 as the Upline Replication node as shown in Fig. 6.x.1.2-2, or indicates (R)AN as the Uplink Replication node as shown in Fig. 6.x.1.2-3.

In Fig. 6.x.1.2-3, for uplink packets, (R)AN makes the replication and sends them to both UPF 1 and UPF 2. UPF 3 eliminates the replication of the uplink packets;

For downlink packets, UPF 3 makes the replication and sends them to both UPF 1 and UPF 2. (R)AN eliminates the replication of the downlink packets. 
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Fig. 6.x.1.2-3 Redundant transmission-- Scenario 2 (RAN acting as Uplink Replication)

· UPF 3 hasn’t existed in the user plane of the PDU session, i.e. UPF 1 is the N6 terminating point.

The network indicates DN as the Downlink Replication node as shown in Fig. 6.x.1.2-4. 

In Fig. 6.x.1.2-4, for uplink packets, UPF 0 makes the replication and sends them to both UPF 1 and UPF 2. DN eliminates the replication of the uplink packets;

For downlink packets, DN makes the replication and sends them to both UPF 1 and UPF 2. UPF 0 eliminates the replication of the downlink packets.
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Fig. 6.x.1.2-4 Redundant transmission- Scenario 3 (DN acting as Downlink Replication)

· UPF 0 and UPF 3 haven’t existed in the user plane of the PDU session, (i.e. UPF 1 has the N3 interface with RAN,and N6 interface with DN)

The network may adds UPF 0 as the Uplink Replicaiton node and indicates DN as the Downlink Replication node as shown in Fig. 6.x.1.2-4. The network may indicates (R)AN as the Uplink Replicaiton node, and DN as the Downlink Replication node as shown in Fig. 6.x.1.2-5. 

In Fig. 6.x.1.2-5, for uplink packets, (R)AN makes the replication and sends them to both UPF 1 and UPF 2. DN eliminates the replication of the uplink packets;

For downlink packets, DN makes the replication and sends them to both UPF 1 and UPF 2. (R)AN eliminates the replication of the downlink packets.
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Fig. 6.x.1.2-5 Redundant transmission- Scenario 4 ( (R)AN acting as Uplink Replicaiton, DN acting as Downlink Replication)

6.X.1.3 
Detailed solutions and explaination

After identifying the unreliable UPF, the SMF decides to establish redundant transmission path for the PDU sessions which contain the URLLC QOS flows and are served by this unreliable UPF.

The redundant transmission paths can be established when establishing the PDU session or after the PDU session has been established.

The SMF may establish the redundant transmission path as shown in Fig. 6.x.1.2-2, Fig. 6.x.1.2-3, Fig. 6.x.1.2-4, or Fig. 6.x.1.2-5, due to the user plane topology of the PDU session or the local configuration.
The SMF may decide to add one or more transmission paths for the unreliable node. The SMF should indicate the number of redundant transmission paths to the Uplink Replication/ Downlink Replication function nodes.
The SMF should indicate which QOS flows need to be replicated to the Uplink Replication/ Downlink Replication function nodes.
Two new functions are defined:

· The Uplink Replication function can be supported on RAN or UPF. It aims to replicate the uplink traffic and eliminate the replication of the downlink traffic based on the indication from SMF.

· The Downlink Replication function can be supported on UPF or DN. It aims to replicate the downlink traffic and eliminate the replication of the uplink traffic based on the indication from SMF.
6.X.2
Procedures

6.X.2.1 Establish Redundant Transmission during PDU Session Modification procedure

Fig. 6.x.2.1-2 depicts the establishment of redundant transmission during the UE or network requested PDU session modification procedure in the non-roaming and roaming with local breakout cases. 
The following procedure is for scenario 1. 
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6.X.2.1 Establish Redundant Transmission during PDU Session Modification procedure
1.
UE has an established PDU Session for URLLC services with UPF 0, UPF 1 and UPF 3. The PDU Session User Plane involves at least UPF 0, UPF 1 and UPF 3. The UPF 0 has the N3 interface with (R)AN.
2.
When the SMF identifies that UPF 1 is unreliable, the SMF decides to add the redundant node for UPF1. 
3. The SMF selects UPF 2 as the redundant node of UPF 1 of the PDU Session. The SMF sends UPF 2 the information of QOS flows which need to be replicated, i.e. the same IP Address, same PDU session ID, etc. The SMF also sends CN Tunnel Info of UPF 0 for downlink traffic, CN Tunnel Info of UPF 3 for uplink traffic to UPF 2.
4. The SMF indicates to UPF 0 acting as Uplink Replication function via N4. It provides UPF 2 CN Tunnel Info for uplink traffic. The SMF also indicates which QOS flows need to be replicated.
  The UPF 0 acting as Uplink Replication function replicates the uplink data, and sends them to UPF 1 and UPF 2. 

5. The SMF indicates to UPF 3 acting as Downlink Replication function via N4. It provides the UPF 2 CN Tunnel Info for for the downlink traffic. The SMF also indicates which QOS flows need to be replicated.
  The UPF 3 acting as Downlink Replication function replicates the downlink data, and sends them to UPF 1 and UPF 2.
For scenaio 2 and 4, UPF 1 has the N3 interface with (R)AN, so
· In step 2, the SMF provides UPF 2 the AN Tunnel Info;
· In step 4, the SMF indicates to (R)AN acting as the Uplink Replicaiton node and sends UPF 2 CN Tunnel Info for uplink traffic to (R)AN.
6.X.3
Impacts on Existing Nodes and Functionality
SMF impacts:

•
 Identify unreliable UPFs;
· Determine which PDU sessions to handle redundantly;

· Select UPFs such that user plane redundancy is achieved;

· Indicate UPFs or (R)AN as the Uplink Replication function;

· Indicate UPFs or DN as the Downlink Replication function.

RAN impacts:

•
Support Uplink Replication function.

UPF impacts:

•
Support Uplink Replication function;

•
Support Downlink Replication function.

6.X.4
Solution Evaluation

Editor's note:
This clause provides an evaluation of this solution.
*** End of changes ***
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