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1   Introduction
At last RAN3#104 discussions to implement the multi-layer connectivity solution 1 were started.

In this solution two redundant PDU sessions are setup according to the following diagram using two UPFs, a master NG-RAN node and a secondary NG-RAN node connected via Xn interface: 
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Figure 1: overall PDU session redundant scheme
This paper investigates the support over Xn and proposes the associated XnAP CR.
2   Description

The support over Xn is investigated through three scenarios:
Establishment of the redundant PDU sessions

The MN will drive the setup of the redundant PDU sessions towards the SN based on the RSN received from the 5GC. The MN will then setup one of the PDU sessions on MN and another one on SN. For the latter one, the MN will use the SN Addition Request message or the SN Modification Request.
Does the SN need to receive the RSN?

From the LS received from SA2 in tdoc [3] the NG-RAN should be configured with local policy indicating whether it shall release a PDU session with RSN. The LS also says:

The failure handling is performed for each PDU Session separately

Let us take two examples:

· Example 1: MN sets up the PDU session 1 with RSN1 on SN, then MN tries to setup PDU session 2 with RSN2 on MN and fails. Then according to local policy MN will either continue with PDU session 1 on SN alone or, will try to set up PDU session 2 with RSN2 on SN as well. But SN doesn’t need to know RSN.
· Example 2: MN sets up the PDU session 1 with RSN1 on MN, then MN tries to setup PDU session RSN2 on SN and fails. According to local policy, MN will either continue with PDU session 1 on MN alone or, will try to set up PDU session 2 with RSN2 on MN as well. But SN doesn’t need to know RSN. 
Observation 1: there seems no compelling reason to add RSN information in SN Addition/Modification Request at setup time if we consider the dual connectivity scheme only. There seems also no justification for adding a new Xn cause value when SN fails the setup of its PDU session.
This leads to the following proposal:

Proposal 1:  In redundancy with dual connectivity scheme only, there is no need to transfer the RSN in SN Addition/ Modification Request and no need for new Xn cause value for releasing PDU session over Xn due to “failed redundancy”. 
Handover

Assuming PDU sessions 1 and 2 are up and running in MN1 and SN1.

Imagine that MN1 needs to be handed over to MN2.

MN2 will need to manage PDU sessions 1 and 2 in order to put one on session MN2 and the second session on SN1 or another SN2. Therefore, MN2 needs to know not only the RSN but also which PDU sessions are paired.

Observation 2: during handover, the source NG-RAN node needs to transfer the RSN and paired session ID for the redundant PDU sessions 1 and 2.

This leads to the following proposal:

Proposal 2: add RSN and paired PDU session ID to the Xn Handover Request message. 

PDU session offload

At last RAN3#104, RAN3 asked SA2 whether the redundant scheme could apply within the same gNB according to the following figure:
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Figure 2: PDU session redundant scheme within same gNB

Assuming that the answer is positive, the following PDU session offload scheme is possible:
At the beginning:

· PDU session 1 goes over UPF1 and MN
· PDU session 2 goes over UPF2 and SN

For radio reasons, or because MN has issues, MN decides to offload PDU session 1 also to SN. Assuming SN is made of CU UP1 and CU UP2 and that PDU session 2 is ongoing over CU UP2. Then SN should try to put PDU Session 1 on CU UP1.
It becomes then necessary that MN indicates to SN during the offload of PDU session 1 that it is an RSN session paired with PDU session 2. 

Observation 3: if the scenario of figure 2 (redundancy via same gNB) is accepted by SA2, then it is beneficial to additionally transfer the RSN and paired PDU session ID over the SN Addition Request and SN Modification Request messages.
This leads to the following proposal:
Proposal 3: discuss whether to support the case of PDU session offload together “redundancy within same gNB” and if agreeable add RSN and paired PDU session ID to the Xn Addition/Modification Request message.

3   Conclusion

This paper has analysed the various scenarios to be supported for the Xn interface.

It concludes with the following proposals:

Proposal 1:  In redundancy with dual connectivity scheme only, there is no need to transfer the RSN in SN Addition/ Modification Request and no need for new Xn cause value for releasing PDU session over Xn due to “failed redundancy”. 

Proposal 2: add RSN and paired PDU session ID to the Xn Handover Request message.

Proposal 3: discuss whether to support the case of PDU session offload together “redundancy within same gNB” and if agreeable add RSN and paired PDU session ID to the Xn Addition/Modification Request message.

Proposal 4: agree the Xn CR in [4] reflecting the above conclusions.
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