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1. Introduction
In last RAN meeting, the SID of Industrial Internet of Things (IoT) was agreed [1]. The objective of this study item is to investigate enhancements to URLLC (Ultra Reliable Low Latency Communications), considering both FR1 and FR2 as well as TDD and FDD, with the already existing solutions for NR as the baseline. Specifically, the study is focusing on the following items:

	…
1) L2/L3 enhancements:

a) Data duplication and multi-connectivity enhancements, including (RAN2/RAN3):

i) Resource efficient PDCP duplication e.g. coordination between the nodes for PDCP duplication activation and resource efficiency insurance, avoiding unnecessary duplicate transmissions etc.

ii) PDCP duplication with more than 2 copies  leveraging (combination of) DC and CA, whereupon data transmission takes places from at most two nodes : assessment of the gains, and if beneficial, study the associated solutions. 

iii) Potential impacts of higher layer multi-connectivity as studied by SA2.

…


For higher layer multi-connectivity, the SA2 already studied the key issue for the redundant transmission and captured the solutions in TR 23.725 [2]. In last meeting, the RAN3 captured the RAN impacts for Solutions #1 ~ #4 related to Key issue 1 based on TR 23.725 [3]. However, there are still two remaining solutions (i.e., Solution 7 and 10) related to Key issue 1. Therefore, in this contribution, we will discuss the potential RAN impacts for Solution 7 and 10 related to Key issues 1 based on the SA2 study and provide our text proposal on it.
2. Discussion
SA2 studied Key issue “Supporting high reliability by redundant transmission in user plane” in TR 23.725, which can be related to the higher layer multi-connectivity in IIoT. In last RAN3 meeting, the RAN impacts for Solutions #1 ~ #4 related to Key issue 1 were already captured in [3]. However, the potential RAN impacts of Solution #7 and #10 are still missing in TR 38.825. 
In addition, according to the conclusion of SA2 study [2], Solution #1, Solution #4 and #7 are selected as baseline for normative work in the Rel-16 as follows:

	…
8.1
Key Issue #1: Supporting high reliability by redundant transmission in user plane

It is recommended that normative work proceed as follows:

-
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).

UE impact with a) shall be minimized.

NOTE:
An informative annex will be created during the normative work to document UE redundancy option with no 3GPP specification impact as enabled with Solution #2.
…


As highlighted one above, the Solution #7 should be specifically captured into the TR 38.825. Therefore, we investigate the potential RAN impacts of Solution #7 and #10 related to Key issue 1 as follows.
2.1. Replication framework in 3GPP System
2.1.1
Overview
In this solution, a replicator is introduced to detect multiple related flows, and whether they are utilized for redundant packets, of incoming IP/Ethernet flows at the transmitter side. In order to ensure their corresponding latency/availability/reliability requirements are fulfilled, the replicator informs the lower-layers (e.g. SDAP at the gNB/UE) of the detected redundant packets or manipulates the incoming data, e.g. combining, excluding, or further replicating (among other operations) the incoming packets.
Based on the additional information provided by the replicator as part of UP packet header, the RAN can take potential actions such as mapping replicated packets into different DRBs to optimize the delivery of the information. Then, the UE with the replicator functionality 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.
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Figure 1: Architecture with Replication Framework
2.1.2
Impacts on RAN
· SDAP layer maps each of the replicated packets to separate DRBs to increase the reliability of each path.
· If the UPF duplicates the traffic, the RAN sets up multiple tunnels (using disjoint transport path) towards UPF.
2.2. Multiple UEs per device for user plane redundancy with broadcast Network Reliability Group
2.2.1
Overview
This is a variant of solution described in Section 4.3.2.2.

Network Reliability Group (NRG) instead of RG are defined and configured by the operator, but these pertain only to the network. The NRG parameter of each cell is broadcast by the gNB, and each UE in the device stores this information and communicates it to the other UEs in the same device, so each UE in the device has knowledge about the NRG used by the other UEs. Each UE then provides NRG about the other UEs and its own to its RAN node via RRC. This will avoid selecting a cell broadcasting one of these NRGs, for initial Registration and idle-mode mobility.
2.2.2
Impacts on RAN
· OAM configuration of the NRG on a per cell level
· Addition of NRG to System Information
· RRC: gNB obtains the NRGs used by other UEs of the same device (e.g. along with measurement reports)
· gNB down-prioritizes handover targets whose NRG is used by other UEs of the device
Proposal 1: It is proposed to agree the text proposal in the appendix of this contribution.
3. Conclusion
In this contribution, we focused on the potential RAN impacts for Solution 7 and 10 related to Key issues 1 based on the SA2 study and provided our view on it. The following proposal is kindly suggested to RAN3:

Proposal 1: It is proposed to agree the text proposal in the appendix of this contribution.
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5. Appendix : Text proposal to TR 38.825
This appendix provides the Text proposal to TR 38.825 based on the proposals of this contribution.
---------------- Start of the First Change ---------------
4.3.2.5
Supporting redundant data transmission via single UPF and single RAN node
4.3.2.5.1
Overview

In this solution, a replicator is introduced to detect multiple related flows, and whether they are utilized for redundant packets, of incoming IP/Ethernet flows at the transmitter side. In order to ensure their corresponding latency/availability/reliability requirements are fulfilled, the replicator informs the lower-layers (e.g. SDAP at the gNB/UE) of the detected redundant packets or manipulates the incoming data, e.g. combining, excluding, or further replicating (among other operations) the incoming packets.
Based on the additional information provided by the replicator as part of UP packet header, the RAN can take potential actions such as mapping replicated packets into different DRBs to optimize the delivery of the information. Then, the UE with the replicator functionality 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.
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Figure 1: Architecture with Replication Framework
4.3.2.5.2
Impacts on RAN
· SDAP layer maps each of the replicated packets to separate DRBs to increase the reliability of each path.
· If the UPF duplicates the traffic, the RAN sets up multiple tunnels (using disjoint transport path) towards UPF.

2.2. Multiple UEs per device for user plane redundancy with broadcast Network Reliability Group
4.3.2.5.1
Overview

This is a variant of solution described in Section 4.3.2.2.

Network Reliability Group (NRG) instead of RG are defined and configured by the operator, but these pertain only to the network and are broadcast by the gNBs in System Information. Unlike solution described in Section 4.3.2.2, the UEs in the device coordinate with each other so that they do not camp on cells broadcasting the same NRG.
4.3.2.5.2
Impacts on RAN
· OAM configuration of the NRG on a per cell level
· Addition of NRG to System Information
· RRC: gNB obtains the NRGs used by other UEs of the same device (e.g. along with measurement reports)
· gNB down-prioritizes handover targets whose NRG is used by other UEs of the device
---------------- Start of the First Change ---------------[image: image3.png]
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