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1	Introduction
In the Rel 16 Study on NR Industrial Internet of Things (IoT), 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. One of the sub times is:
1) L2/L3 enhancements:
a) [bookmark: _Hlk524312897][bookmark: _Hlk524312950]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.

2	Discussion
One key issue studied by SA2 is the key Issue #1: Supporting high reliability by redundant transmission in user plane. A few solutions are studied to provide the multi-connectivity and redundant transmission.
At the last RAN3 meeting, we have made some agreement and captured in this TR. This paper further discusses the  impacts on the RAN from the key issue 1.
[bookmark: _Toc524187509]2.1	Solution #1: Redundant user plane paths based on dual connectivity
In this solution, based on DC, two redundant PDU sessions are provided, the first PDU Session spans from the UE via gNB1 to UPF1 acting as the PDU Session Anchor, and the second PDU Session spans from the UE via gNB2 to UPF2 acting as the PDU Session Anchor.
In order to archive the redundant, the lower layer resource isolation should be assured. So when one PDU session is setup as MCG terminated MCG bearer and another PDU session is setup as SCG terminated SCG bearer, the starting point should be that the MCG or SCG bearers should not be further split.
If there is a wish to use the split bearer for duplication, for example, it should be clarified that the radio resources should be isolated.


[bookmark: _Toc524187514]2.2	Solution #2: Multiple UEs per device for user plane redundancy
In this solution a terminal device is set up with multiple UEs. The reliability groups are defined for the UEs and gNBs. By grouping the UEs in the device and cells of gNBs in the network into more than one reliability group and preferably selecting cells in the same reliability group as the UE, it is ensured that UEs in the same device can be assigned different gNBs for redundancy.
It is thus important to disallow to setup DC for a UE which uses the radio resource from the other reliability group. 
[bookmark: _Toc524187519]2.3	Solution #3: Supporting redundant data transmission via single UPF and two RAN nodes
In this solution the redundant transmission is based on the DC architecture for the QoS flows in the same PDU session. This means SMF decides to duplicate certain QoS flows in the PDU session and these QoS flows are supposed to be transmitted in DC.
The specification already supports two NG-U tunnels/PDU session. Two SDAP entities are setup, one in MN and another in SN. RAN will be indicated that some QoS flows in the PDU session will be setup in MN, and the redundant part will be setup in SN.
To achieve the redundancy, the MN terminated MCG bearer may be disallowed to change to SCG bearer or split bearer, the SN terminated SCG bearer may be disallowed to change to MCG bearer or split bearer.

Proposal 1	RAN3 to discuss and capture the RAN impact analysis in TR 38.825
3	Conclusion
Proposal 1	RAN3 to discuss and capture the RAN impact analysis in TR 38.825

4	Text Proposal to TR 38.825 
[bookmark: _Toc525833408]------------------------------------------
The First Change!
------------------------------------------

4.3	Higher layer multi-connectivity
[bookmark: _Toc525833409]4.3.1	Layer 2/3 protocol aspects
Editor’s note: RAN2 responsibility
[bookmark: _Toc525833410]4.3.2	Radio access network aspects
Editor’s note: RAN3 responsibility
4.3.2.1	Redundant user plane paths based on dual connectivity
4.3.2.1.1	OverviewThis is the solution of “redundant user plane paths based on dual connectivity for Key Issue 1 captured in TR 23.725[x].
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. 



4.3.2.1.2	Impacts on RAN
· Attempt to establish and maintain dual connectivity when the need for redundant user planes are indicated for a pair of PDU Sessions
· Set up dual connectivity in such a way that both the MgNB and the SgNB have an independent PDCP entity for handling the two independent user plane paths. This is supported in the specification already.
· To achieve the use plane redundancy, one PDU session is setup as MN terminated MCG bearer, the other PDU session (of the pair) is setup as SN terminated SCG bearer.
· To achieve the redundancy, the bearer type change of MN terminated MCG bearer to SCG bearer or split bearer may be disallowed. The bearer type change of the SN terminated SCG bearer to MCG bearer or split bearer may be disallowed.
· If the duplication is to be used, the lower resources should be ensured to be isolated, e.g. using other frequency.
4.3.2.2	Multiple UEs per device for user plane 
4.3.2.2.1	Overview
This is the solution “Multiple UEs per device for user plane” for Key Issue 1 captured in TR 23.725[x].
The solution will enable a terminal device to set up multiple redundant PDU Sessions over the 5G network, so that the network will attempt to make the paths of the multiple redundant PDU sessions independent whenever that is possible. 


4.3.2.2.2	Impacts on RAN
· O&M configuration of the RAN RGs on a per cell level.
· Prioritization of the handover of the UE to a cell whose RAN RG coincides with the UE RG, when such a suitable target cell is available.
· To achieve redundancy, it is beneficial to disallow to setup DC to the node what belongs the other reliability group which may serve the other UEs belongs to the same device.

4.3.2.3	Supporting redundant data transmission via single UPF and two RAN nodes
4.3.2.3.1	Overview
This is the solution of “supporting redundant data transmission via single UPF and two RAN nodes” for Key Issue 1 captured in TR 23.725[x].
This solution realizes the reliability of user plane between UPF and UE while the QoS flow redundant transmission in the PDU session is decided by SMF.


4.3.2.3.2	Impacts on RAN
· The RAN node shall support redundant transmission via DC architecture with two N3 tunnels.
· In case protocol stack option 1 in TS 23.725[x] is adopted, RAN need to ensure there is only one QoS Flow per DRB. 
· To achieve the redundancy, the bearer type change of MN terminated MCG bearer to SCG bearer or split bearer may be disallowed. The bearer type change of the SN terminated SCG bearer to MCG bearer or split bearer may be disallowed.
· If the duplication is to be used, the lower resources should be ensured to be isolated, e.g. using other frequency.
[bookmark: _Hlk527026303]4.3.2.4	Supporting redundant data transmission via single UPF and single RAN node
4.3.2.4.1	Overview
This is the solution of “supporting redundant data transmission via single UPF and single RAN node” for Key Issue 1 captured in TR 23.725[x].
In this solution the redundant packets will be transferred between UPF and RAN via two independent N3 tunnels, which are associated with a single PDU Session, over different transport layer path to enhance the reliability of service.


4.3.2.4.2	Impacts on RAN
· The RAN shall be able to replicate the uplink packet and send the duplicate packets to the two N3 tunnels and eliminate the duplicate downlink packets.
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