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1
Introduction

One of the objectives of the study on NR Industrial Internet of Things is:

· Potential impacts of higher layer multi-connectivity as studied by SA2.
Key issue 1 in TR 23.725 is for high layer reliability by redundant transmission in user plane. SA2 has concluded solution 1 and solution 4 for this key issue.
This paper discusses the RAN3 impacts for solution 1.    

2
Discussion

Solution 1 for Key Issue 1 in TR 23.725 will be continued at normative stage. The description for the solution is as following:
2.1

Solution #1 for Key Issue #1: Redundant user plane paths based on dual connectivity
The solution will enable a terminal device to set up two redundant PDU Sessions over the 5G network, so that the network will attempt to make the paths of the two redundant PDU sessions independent whenever that is possible.
A single UE has user plane connectivity with both a Master gNB (MgNB) and a Secondary gNB (SgNB). The RAN control plane and N1 are handled via the MgNB. The MgNB controls the selection of SgNB and the setup of the dual connectivity feature via the Xn interface. The UE sets up two PDU Sessions, one via MgNB to UPF1 acting as the PDU Session anchor, and another one via SgNB to UPF2 acting as the PDU session anchor. UPF1 and UPF2 connect to the same Data Network (DN)
SMF(s) are aware of redundant sessions based on a new indication, Redundancy Sequence Number (RSN) provided by the UE in the PDU Session Establishment Request message. The presence of the RSN indicates redundant handling, and the value of the RSN indicates whether the first or the second PDU session is being established.
In this solution, the redundant paths span the whole system including RAN, CN, and can possibly extend to Data Network beyond 3GPP scope
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Figure 2.1-1: Solution architecture for Solution 1
According to Solution 1, two redundant PDU sessions are established for the UE, which means 2 independent paths are used to transmit same data. So the high reliability of user data is ensured through redundant transmission.
The procedures for the redundant PDU sessions establishment have been caught into section 6.1.2, TR 23.725. Based on the descriptions in the section, the setup of the two PDU Sessions and the subsequent establishment of dual connectivity take place as follows: (take the static approach as sample)
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Figure 2.1-2: Procedure based on static approach
The procedures consist of 3 stages: PDU session 1 establishment, PDU session 2 establishment and Dual connectivity establishment.
1. PDU Session 1 is established according to TS 23.502 [3] clause 4.3.2.2. SMF1 determines based on the RSN provided by the UE, or based on the DNN or S-NSSAI and corresponding network configuration that the PDU Session is to be handled redundantly and this is the first PDU Session. 
In [1], SA2 has agreed to add RSN into N2 SM information which will be forwarded to MN by AMF. The RSN indicates to the MN whether the user plane of the given PDU Session goes via the MN or the SN for redundant user plane paths using dual connectivity. For PDU session 1, the given PDU session goes via MN.
Observation 1: 
SMF adds RSN into N2 SM information to indicate to the MN whether the user plane of the given PDU Session goes via the MN or the SN for redundant user plane paths using dual connectivity
2. Similarly, PDU Session 2 is established according to TS 23.502 [3] clause 4.3.2.2. SMF2 determines based on the RSN provided by the UE, or based on the DNN or S-NSSAI and corresponding network configuration that the PDU Session is to be handled redundantly and this is the second PDU session. The RSN in N2 SM information indicates the given PDU session will go via SN.

In addition, in our other paper, we think the coordination between MN and SN is needed for resource efficiency. So MN and SN have to know which 2 PDU sessions is a pair of redundant sessions to transmit the redundant duplicated packets.
Observation 2: 
SMF should add Associated Redundant Session ID into N2 SM information to help MN to identify which 2 PDU sessions is a pair of redundant sessions to transmit the redundant duplicated packets.


After step 2, the user plane of both PDU sessions still go via MN.

3. If feasible based on RAN conditions as evaluated by the MN, dual connectivity is established in RAN according to TS 37.340 [4], clause 10.2.2. RAN should observe the requests sent in steps 1 and 2 and set up dual connectivity in such a way that the user plane of PDU Session 2 will be handled in SN as a SCG bearer, while the user plane of PDU Session 1 will be handled in the MN as a MCG bearer. As part of the dual connectivity setup, data forwarding can be started from MN to SN for the data of PDU Session 2.
In order to let SN know which 2 PDU sessions is a pair of redundant sessions, associated redundant session ID have to be added in S-NODE ADDITION REQUEST. 
Observation 3: 
It should add Associated Redundant Session ID into PDU Session Resources To Be Added List in XnAP S-NODE ADDITION REQUEST to inform SN that the given PDU session is one of redundant sessions and which session is another one of the pair of redundant sessions to transmit the redundant duplicated packets.

The user plane path of PDU Session 2 is switched from MN to SN according to TS 23.502 [3] clause 4.9.1.2.2.

As a result, the user plane of PDU Session 1 and PDU Session 2 now take independent paths both in RAN and in the CN.

Proposal: 
It is proposed to agree the necessary modifications to NGAP and XnAP in [5] and [6].
3
Conclusion:
In this paper, we provide our analysis on the coordination between redundant transmissions in the solution 1 for resource efficiency, and have the following observations and proposals:
Observation 1: 
SMF adds RSN into N2 SM information to indicate to the MN whether the user plane of the given PDU Session goes via the MN or the SN for redundant user plane paths using dual connectivity
Observation 2: 
SMF should add Associated Redundant Session ID into N2 SM information to help MN to identify which 2 PDU sessions is a pair of redundant sessions to transmit the redundant duplicated packets.

Observation 3: 
It should add Associated Redundant Session ID into PDU Session Resources To Be Added List in XnAP S-NODE ADDITION REQUEST to inform SN that the given PDU session is one of redundant sessions and which session is another one of the pair of redundant sessions to transmit the redundant duplicated packets.

Proposal: 
It is proposed to agree the necessary modifications to NGAP and XnAP in [5] and [6].
4
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