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1. Introduction
In TR38.825, the Higher Layer Multi-Connectivity solutions for NRIIOT are captured. SA2 meeting has got agreements on the normative work. i.e. Focusing on backhaul reliability improvements only. This contribution focus on discussion of normative work  on the feasibility and impaction on RAN of the higher layer multi-connectivity solutions.
2. Discussion
2.1 Overview

in the latest 23.725[1], the recommendation of normative work for the supporting high reliability by redundant transmission in user plane: 
-
Focusing on backhaul reliability improvements only i.e. without changes to the radio interface and associated protocols; and

-
Requiring single UE only i.e. no UE redundancy shall be specified; and

-
Introducing enablers in the network for

a)
Redundancy of network nodes (UPF and gNB) and associated interface (N3), and concurrent PDU Sessions (see Solution #1); and

b)
GTP-U / TRANSPORT LAYER redundancy over N3 with single network nodes i.e. UPF and gNB (see Solutions #4, #7). No UE impact.

c)
Enablers to support appropriate gNB/UPF selection as applicable for a) and b).

From the above information, SA2 specify the solution #1, #4 and #7 in TS 23.501 in SA2#131. The RAN corresponding normative work should be considered.
Proposal 1： only solution #1, #4 and #7 impaction need to be considered in RAN NRIIOT normative work
2.2 Solution #1 user plane redundancy 
SA2 implements the conclusion of the FS_URLLC for user plane redundancy for solution 1 in TS 23.501. the CR is S2-1902825 [2] as blow. There are some differences from the SI TR23.725.
During the establishment of the redundant PDU Sessions: 

-
UE initiates two redundant PDU session and provides different combination of DNN and S-NSSAI for each PDU Session.

-
the SMF determines whether the PDU Session is to be handled redundantly. The determination is based on the combination of the S-NSSAI, DNN, user subscription and local policy configuration. The SMF uses these inputs to determine the RSN which differentiates the PDU Sessions that are handled redundantly and determines whether the PDU Session’s user plane should go via the Master or the Secondary NG-RAN.

-
Operator configuration of UPF selection ensures the appropriate UPF selection for disjoint paths. 

-
When the NG-RAN contexts are established for the redundant PDU Sessions (i.e., during the establishment of the PDU Sessions or at transitions to CM-CONNECTED state), for one PDU Session the RSN parameter explicitly requests that the user plane goes via the Master RAN, and for the other PDU Session the RSN parameter explicitly requests that the user plane goes via the Secondary RAN using dual connectivity. This request is made by indicating the RSN to the RAN node on a per PDU Session granularity. Based on the RSN, the Master RAN sets up dual connectivity as defined in TS 37.340 [31] so that the sessions have end to end redundant paths. When there is at least one PDU Session with RSN indicating the user plane to go via the Master RAN and at least one PDU Session with RSN indicating the user plane to go via the Secondary RAN node, this indicates to RAN that CN is requesting dual connectivity to be set up and the user plane shall be handled as indicated by the RSN parameter. 

NOTE 3:
The decision to set up dual connectivity remains in RAN as defined today. RAN takes into account the additional request for the dual connectivity setup provided by the CN.

-
In the case of Ethernet PDU Sessions, the SMF has the possibility to change the UPF (acting as the PSA) and select a new UPF based on the identity of the Secondary RAN for the second PDU Session in case the Secondary RAN is modified (or added/released), using the Ethernet PDU Session Anchor Relocation procedure described in clause 4.3.5.X. 

-
The SMF’s charging record may reflect the RSN information. 

-
The RSN indication is transferred from Source RAN to Target RAN in case of handover.

-
 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 inititate release of the PDU session. 

From the first bullet description, the two redundant PDU sessions carry different combination of DNN and S-NSSAI. So the RAN should be configured to support two slices in the Master RAN and the second at least support the slice for second PDU session.
Proposal 2： The Master NG-RAN should support at least two slices for the user plane redundancy solution 
In TS, the RSN is created by SMF instead of UE providing which state in TR23.725. The RSN will be sent to RAN for the two redundant PDU session handling. The different RSN value to explicitly request the user plane go via different node. The failure of the redundancy PDU session setup should be notified to SMF.
Observation 1: the RSN will be sent to RAN in PDU session setup procedure for the PDU session redundancy handling in RAN

Observation 2: the RSN should be carried in PDU session setup list in HO procedure

Observation 3: the RAN will send the indication for PDU session redundancy set up failure to SMF 

2.3 Solution #4 redundant transmission on N3/N9 interfaces
SA2 implements the conclusion of redundant transmission on N3/N9 interfaces for solution #4 in TS23.501 the CR is S2-1902823 [3] as blow. From RAN impaction point view, there is no difference from TS23.725 in SI.  
During a URLLC QoS flow establishment, if the SMF decided that redundant transmission shall be performed based on authorized 5QI, NG-RAN node capability and/or operator configuration, the SMF informs the PSA UPF and NG-RAN to perform redundant transmission via N4 interface and N2 information accordingly. 

NOTE 1:
The RAN node capability to support the redundant transmission on N3/N9 can be configured in the SMF per network slice or per SMF service area.

If duplication transmission is performed on N3 interface, for each downlink packet of the QoS Flow the PSA UPF received from DN, the PSA UPF replicates the packet and assigns the same GTP-U sequence number to them for the redundant transmission. These packets are transmitted to the NG-RAN via two N3 Tunnels separately.  The RAN eliminates the duplicated packets based on the GTP-U sequence number and then forwards the PDU to the UE. For each uplink packet of the QoS Flow the NG-RAN received from UE, the NG-RAN replicates the packet and assigns the same GTP-U sequence number to them and the PSA UPF eliminates the duplicated packet based on the GTP-U sequence number accordingly.

NOTE 2: How to realize the sequence number for support of GTP-U duplication   over N3/N9 is up to stage 3. 

The PSA UPF and NG-RAN may transmit packets via one or both of the tunnels per QoS Flow based on SMF instruction. 
NOTE 3:
The AMF selects an SMF supporting redundant transmission based on the requested S-NSSAI and/or DNN.

During UE mobility, when the UE moves from NG-RAN supporting redundant transmission to NG-RAN not supporting redundant transmission, the SMF may release the QoS flow which are subject to reduntant transmission. 
Observation 4: RAN node capability to support the redundant transmission on N3/N9 can be configured in the SMF per network slice or per SMF service area

Proposal 3： How to sync the change of the RAN capability need to be considered
2.3 Solution #7 user plane replication 
SA2 implements the conclusion of user plane replication for solution #7 in S2-1902826 [4] as blow. From RAN impaction point view, there is no difference from SI.  
Redundant transmission can be supported within the 5G System can be supported within the 5GS without making any assumption on support for protocols such as IEEE FRER in the application layer (DN only) at the same time it can be supported without requiring redundant GTP-U tunnel over N3. The backhaul provides two transport paths between UPF and NG-RAN. The Redundant functionality within NG-RAN and UPF make use of the independent paths at transport layer. Support of redundant transmission at transport layer requires no 3GPP protocol impact.

Following are the required steps:

- 
UE establishes the PDU session for URLLC services. Based on DNN, S-NSSAI and other factors, SMF selects the UPF that supports redundant functionality for the PDU session. One N3 GTP-U tunnel is established between UPF and NG-RAN.

- 
For DL data transmission, UPF sends the DL packets on N3 GTP-U tunnel. Redundant functionality in the UPF duplicates the DL data on the transport layer. Redundant functionality in the NG-RAN eliminates the received duplicated DL data and sends to NG-RAN. 

- 
For UL data transmission, NG-RAN sends the received UL packets on N3 GTP-U tunnel, the Redundant functionality in the NG-RAN performs the redundant handling on the backhaul transport layer. The Redundant functionality in the UPF eliminates the received duplicated UL data and sends to UPF.

Observation 5: Support of redundant transmission at transport layer requires no 3GPP protocol impact.
Observation 6: NG-RAN redundant functionality performs the redundant handling on the backhaul transport layer.  
3. Conclusion 

This paper discussed higher layer multi-connectivity provided relevant observations and proposals:
Observation 1: the RSN will be sent to RAN in PDU session setup procedure for the PDU session redundancy handling in RAN

Observation 2: the RSN should be carried in PDU session setup list in HO procedure

Observation 3: the RAN will send the indication for PDU session redundancy set up failure to SMF 

Observation 4: RAN node capability to support the redundant transmission on N3/N9 can be configured in the SMF per network slice or per SMF service area

Observation 5: Support of redundant transmission at transport layer requires no 3GPP protocol impact.
Observation 6: NG-RAN redundant functionality performs the redundant handling on the backhaul transport layer.  

Proposal 1： only solution #1, #4 and #7 impaction need to be considered in RAN NRIIOT normative work
Proposal 2： The Master NG-RAN should support at least two slices for the user plane redundancy solution 
Proposal 3： How to sync the change of the RAN capability need to be considered
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