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1. Introduction
Last RAN3 meeting, stage 3 of the Higher Layer Multi-Connectivity solution#1 for NRIIOT in RAN was discussed. But no conclusion was made due to some unclear of the understanding about the specification of solution#1. One liaison was sent to SA2 in which capture RAN3 question. SA2 review the LS and send back the answer. This contribution discussion focuses on how to capture stage 3 specification of the Solution #1 base on these answers.
2. Discussion
2.1 PDU session Setup 
About the PDU session setup, the RAN3 question and SA2 answer in [1] is as blow.

Q1:

We understand that the value of the RSN parameter is an index that indicates redundant user plane requirements for the PDU Sessions.

Does it mean this index points to a particular UPF and a particular NG-RAN User Plane (UP) pair? Or it is only at the UPF side, i.e. NG-RAN is free to choose the user plane? 

For example, does it mean that UPF1/NG-RAN UP 1 are always selected when NG-RAN node receives RSN equals 1 and UPF2/NG-RAN UP 2 are always selected when NG-RAN node receives RSN equals 2 (i.e. UPF1/NG-RAN UP1 used by PDU session with RSN=1 for all pairs subject of redundancy)
SA2 Response:

The value of the RSN is not dependent on the selected UPF, even though the RSN may be also considered for UPF selection. Hence, the same RSN may be used with multiple UPFs. The value of the RSN parameter indicates to NG-RAN redundant user plane requirements for the PDU Sessions.  NG-RAN selects NG-RAN UP by taking into account the RSN parameter and the associated RAN configuration to establish redundant User planes for the PDU Sessions. The NG-RAN UP selection for a PDU session with specific RSN value is decided by NG-RAN.

According the SA2 answer, the NG-RAN does not need to know which two PDU sessions is paired. Because the redundant path setup will assure these PDU sessions go through different routing.
Observation 1：NG-RAN node does not need to know the PDU session paired 

If the two PDU sessions setup by one SMF, the SMF can assure the two redundant PDU sessions use different UPF and RSN. If the two PDU sessions setup by two SMF, the two SMFs should be configured that different SMF assign different UPF and RSN for the two redundant PDU sessions. 

Observation 2：SMF(s) will set different RSN value for the redundant PDU session paired 

After get the two redundant PDU sessions setup, if the two DUs under same CU can support the DC for this redundant, the NG-RAN node may handle these two PDU sessions within one NG-RAN node. NG-RAN may select one CU-UP with one DU for all the PDU sessions with RSN=1 and select another redundant CU-UP with another DU for all PDU session with RSN=2. If the NG-RAN cannot setup the redundant PDU sessions within one NG-RAN node, the NG-RAN may initial the SN addition procedure to setup the DC with secondary NG-RAN node. Move one PDU session (RSN=1 or 2) to the SN.
Proposal 1：The PDU session with same RSN value shall use the same path of user plane

SMF assign the different RSN for the redundant PDU session when initial PDU session resource setup. Also the PDU session modify procedure for redundant PDU session added initiated by SMF should be supported when needed. This PDU session setup procedure should propagate to E1 bearer context setup.
Proposal 2： The RSN should be carried in related procedures in E1AP and NGAP and XnAP when redundant PDU session setup/modify procedure initialed in NGAP
2.2 Handover
In 23.501[2], the specification states The RSN indication is transferred from Source RAN to Target RAN in case of handover. The handover includes DC based two PDU sessions respectively assigned two nodes. These two nodes may two gNB nodes or two DU nodes within same gNB. The two paired PDU session should handover to two disjoint nodes.

The handover may include three scenarios: 1). SN handover.  2). MN handover.  3). Both MN and SN handover. The 1) one is covered by Secondary Node Change (MN/SN initiated) procedure. The SN Addition request/require procedure is used for the SN change. The 2) and 3) case is similar as specified in Section: Inter-Master Node handover with/without Secondary Node change in 37.340[3]. For this redundant PDU session handover, the Xn handover may be the best valuable case, but the NG handover should not be precluded. 
Proposal 3：Both Xn and NG handover should be supported for redundant PDU session.

Proposal 4：The RSN shall be carried in SN Addition procedure and Xn handover request 

In the intra-CU DC case, the CU use UE context setup to perform the handover between two DUs within one CU. The CU has all the information about the redundant path and the RSN of PDU sessions. So the RSN is not needed in DU 
2.3 Failure for Handover and PDU setup

About the failure case, the RAN3 question and SA2 answer in [1] is as blow.

Q2:

TS 23.501 says that “NG RAN notifies CN about failure to establish dual connectivity and SMF based on local policy decides whether to continue with the PDU session or initiate release of the PDU session.” 
If NG-RAN receives PDU session setup for the second PDU session and the indicated RSN is not possible to be setup, RAN3 discussed two possibilities in NG-RAN:
Alternative 1: NG-RAN node configures the second PDU session to the same RSN as the first PDU session (e.g. MN) 
Alternative 2: NG-RAN shall fail the second PDU session setup. 
Is alternative 1 allowed? If it is allowed, should SMF be notified and further decide whether to continue with the second PDU session or initiate release of the second PDU session?

SA2 Response:

SA2 has discussed the failure handling of the solution and has agreed to the CR in S2-1908296. The CR clarifies that NG-RAN local configuration indicates if NG-RAN shall reject the PDU session or continue establishing the PDU session in case redundant UP setup is not possible.

Q3: 

If the two SMFs are involved, how do the two SMFs coordinate the following? 

(PDU Session 1 and 2 are redundant)

1. RSN settings when the PDU Session1 is setup by SMF 1, and when PDU session 2 is setup by SMF 2;

2. When NG-RAN notifies SMF2 the failure of PDU Session 2, how does SMF1 know which one is PDU session 1 and makes the decision to release or continue the PDU session 1

SA2 Response:

The two SMFs do not coordinate with each other. The RSN is determined by each SMF independently, based on the different combinations of DNN and S-NSSAI as provided by the UEs, where the SMFs may also consider subscription information and local policies. The failure handling is performed for each PDU Session separately and SMF1 is not notified of the failure status of SMF2 and vice versa
Also the description for failure case in 23.501[2] is stated as below:
-
Using NG-RAN local configuration, NG-RAN determines whether the PDU Session shall be kept or not kept in case NG-RAN cannot satisfy the user plane requirements indicated by the RSN parameter by means of dual connectivity. If the PDU Session shall be kept, the PDU Session remains established even if the user plane requirements indicated by RSN cannot be satisfied. If the PDU Session shall not be kept when RSN requirement cannot be fulfilled, the PDU Session shall be released/not established by NG-RAN..

The PDU session setup failure may happen in in both initiate setup and handover scenarios. So the failure case should cover all of them.
In initiate setup, the two PDU sessions may carry in one N2 PDU session setup message or two separate messages. The NG-RAN will decide if keep or release the not successfully setup PDU session for redundancy.

If NG-RAN decides to keep all the two PDU sessions, the NG-RAN should inform SMF the redundant setup failure in the PDU Session Resource Setup Response Transfer for the two PDU sessions. At least in the second PDU session setup response

Proposal 5：The NG-RAN should inform SMF about the redundant PDU session setup failure in the PDU Session Resource Setup Response Transfer when keep the PDU sessions

If NG-RAN devices to keep one PDU session and release one or release all the two PDU sessions, the NG-RAN should inform SMF release cause value which is the redundant PDU session setup failure
Proposal 6：The NG-RAN should carried the cause value about  the redundant PDU session setup failure in the PDU Session Resource Notify Released Transfer when release the PDU sessions

In the handover case, if the target node cannot setup redundant PDU sessions, the NG-RAN node may accept or reject one or two PDU sessions according local configuration. in NG handover the handover request acknowledge with cause value to notify the failure. In Xn handover, the Handover Request Acknowledge or Handover Preparation Failure is used to response the source node about the redundant PDU session handover failure. The target node notifies the 5GCN in message path switch request with the cause value.
Proposal 7：In Xn handover case, the target node notifies the 5GCN in path switch request with cause value

Proposal 8：In Xn handover case, the target node notifies the source node in HO request ack or Ho Preparation Failure with cause value
Proposal 9：the cause value DC for redundant transmission not support for the failure shall introduced in NGAP, XnAP and E1AP
In NR CP-UP split case, the corresponding modification need to be captured for the redundant PDU session setup, modify.
Proposal 10：Capture the stage 3 modification in NGAP TS 38.413, XnAP TS 38.423, E1AP 38.463 
3. Conclusion 

This paper discussed higher layer multi-connectivity solution #1 and provided relevant observations and proposals:
Observation 1：NG-RAN node does not need to know the PDU session paired 

Observation 2：SMF(s) will set different RSN value for the redundant PDU session paired 

Proposal 1：The PDU session with same RSN value shall use the same path of user plane

Proposal 2： The RSN should be carried in related procedures in E1AP and NGAP and XnAP when redundant PDU session setup/modify procedure initialed in NGAP

Proposal 3：Both Xn and NG handover should be supported for redundant PDU session.

Proposal 4：The RSN shall be carried in SN Addition procedure and Xn handover request 

Proposal 5：The NG-RAN should inform SMF about the redundant PDU session setup failure in the PDU Session Resource Setup Response Transfer when keep the PDU sessions

Proposal 6：The NG-RAN should carried the cause value about  the redundant PDU session setup failure in the PDU Session Resource Notify Released Transfer when release the PDU sessions

Proposal 7：In Xn handover case, the target node notifies the 5GCN in path switch request with cause value

Proposal 8：In Xn handover case, the target node notifies the source node in HO request ack or Ho Preparation Failure with cause value

Proposal 9：the cause value DC for redundant transmission not support for the failure shall introduced in NGAP, XnAP and E1AP

Proposal 10：Capture the stage 3 modification in NGAP TS 38.413, XnAP TS 38.423, E1AP 38.463 
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