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1. Introduction
In recent RAN3 meeting, the higher layer multi-connectivity solution in TR 23.725 was discussed. And captured analysis and RAN impaction of some solutions in RAN2/3 NR-IIoT TR38.825. Last SA2 meeting has got agreement on the normative work.   This contribution focus on further discussion of the feasibility and impaction on RAN of the higher layer multi-connectivity solutions based on the latest information.
2. Discussion
SA2 captured 6 solutions for redundant transmission in 23.725[1] i.e. solution #1, #2, #3, #4, #7, #10. Solution #1~#4 was discussed in RAN3 meeting and captured in 38.825. In last SA2 meeting, the recommendation of normative work was made. 
-
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, The UE redundancy cases are not in scope. So the Solution #2 for Key Issue #1: Multiple UEs per device for user plane redundancy and Solution #10 for Key Issue #1: Multiple UEs per device for user plane redundancy with broadcast Network Reliability Group can be excluded in the study.
Observation 1: solution #2 and solution #10 can be excluded from TR 38.825

In this contribution, we further discuss the solution #7.
Solution #7 is named as Replication framework in 3GPP System. The below figure depict the mechanism of this solution. 
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Figure 6.7.1-1 Architecture with Replication Framework – Single UE/UPF case (Case 1)
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Figure 6.7.1-2 Architecture with Replication Framework – Dual UE/Dual UPF case (Case 2)
In this solution, the case 2 is for Dual UE redundancy case. It shall be excluded from scope. For the case 1, Replication Protocol is introduced which reside in UPF and UE side. The 5G system can be treated as one Replication Protocol supported completely black box system by high layer service. 
The replicator in UPF, gNB guides the lower layers to ensure their corresponding latency/availability/ /reliability requirements are fulfilled. The replicator framework can replicate or eliminate further replication towards the low layers.

The main impact on 5G is in 5GC and UE as description as below in 23.725[1].
5.
Following are the main 5G System impacts and principles:

a.
5G System can have an API or direct interaction with external management system to become aware of the expected application behaviour with regards to replication functionality. UPF can also perform data inspection in the UPF (with replicator) for autonomous discovery of multiple related flows (e.g. it can detect if the MPTCP layer is duplicating the flows).

b.
Based on policies, the SMF determines whether a particular PDU Session is subject to replication, selects an UPF with replicator functionality; It also provides the necessary replicator information as part of rules to the selected UPF.

c.
Based on the rules received from SMF, UPF activates replicator functionality for the User plane traffic. For DL traffic, UPF can perform further replication and provide an indication (e.g. GTP-U header) to the RAN. If the UPF duplicates the traffic, it transmits over multiple tunnels (using disjoint transport path) towards the RAN.

d.
The replicator functionality in the RAN can take potential actions such as eliminate the received duplicated DL data prior to transmitting it to the UE. Other potential actions are also listed in 6.7.2.1 bullet 2).

e.
If the UE with the replicator functionality receives duplicated packets, it can re-assemble the packets to ensure transparency to the application layer. The replicator at the receiver forwards the received data to one or more output ports, as expected by the application layer protocol.
And Impacts on Existing Nodes and Functionality is listed as:
NG-RAN:

-
Access to replicator functionality support. Replicator in the RAN has the capability to replicate packets over N3 and/or eliminate further replication of packets over Uu/N3.
From RAN point view, RAN may follow the 5GC command when setup the PDU session which carry the replication active indication. Base on the indicator and QoS, the NG-RAN may decide how to fulfil the reliability requirement of the packets. E.g. use PDCP DC duplication or CA duplication etc.
The impacts on RAN depend on the deployment architecture. The impaction is similar as solution#1, #3, #4.
Observation 2: RAN may decide how to fulfill the reliability requirement of the packets base on replication indication from 5GC  and QoS in solution #7
Observation 3: In solution#7, impact on RAN depend on deployment architecture. Similar as solution #1, #3, #4 except handling the replication indication. 

Proposal 1：Capture the above analysis on Solution #7 in TR38.825  and remove solution #2 
3. Conclusion 

This paper discussed the potential impacts of higher layer multi-connectivity as studied by SA2 and provided relevant observations and proposals:
Observation 1: solution #2 and solution #10 can be excluded from TR 38.825

Observation 2: RAN may decide how to fulfill the reliability requirement of the packets base on replication indication from 5GC  and QoS in solution #7
Observation 3: In solution#7, impact on RAN depend on deployment architecture. Similar as solution #1, #3, #4 except handling the replication indication. 

Proposal 1：Capture the above analysis on Solution #7 in TR38.825  and remove solution #2 
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4.3.2.2
Support replication framework in 3GPP System
4.3.2.2.1
Overview

This is the solution of “Replication framework in 3GPP System” for Key Issue 1 captured in TR 23.725[x].

This solution introduces a replicator that allows the 3GPP system to be aware (e.g. detect or have explicit information) that two or more "streams" of replicated packets belong together, and guide the lower layers to ensure these packets get an optimized treatment in the 3GPP system. 
The Replicator functionality may be a part of the UPF (or collocated with the UPF) for user plane functionality and SMF for control plane functionality.
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Figure  4.3.2.2.1-1: Architecture with Replication Framework – Single UE/UPF case

4.3.2.2.2
Impacts on RAN

-     Access to replicator functionality support. Replicator in the RAN has the capability to replicate packets over N3 and/or eliminate further replication of packets over Uu/N3.
The End
------------------------------------------
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