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1 Introduction
At RAN#80 meeting, a new SI “Study on NR Industrial Internet of Things (IoT) was approved, it is revised in RAN#81 in [1]. The objectives of this study item are to investigate enhancements to URLLC (Ultra Reliable Low Latency Communications), e.g. L2/L3 enhancements. One of the objectives is to study potential impacts of higher layer multi-connectivity as studied by SA2.
	a) Data duplication and multi-connectivity enhancements, including (RAN2/RAN3):

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


The contribution discusses impacts of the solutions for the higher layer multi-connectivity studied by SA2 from RAN point of view based on LS [3].
2 Discussion
To meet the URLLC requirements on latency, jitter and reliability in 5G System as defined in TS 22.261, 6 solutions (solution #1, #2, #3, #4, #7, #10) are documented in [2]. Basically, solution #1, #2 and #10 are based on redundant transmission between UE(s) and application/DN, while solution #3, #4 and #7 are based on redundant transmission between UE and UPF.
2.1 Solution #1: Redundant user plane paths based on dual connectivity

This is the solution of redundant user plane paths based on dual connectivity for Key Issue 1 captured in [2].

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. 
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Figure 1: High level architecture with single device
The RAN impacts include:

· 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 with MN terminated MCG bearers, and the other PDU session (of the pair) is setup with SN terminated SCG bearers.

2.2 Solution #2: Multiple UEs per device for user plane
This is the solution “Multiple UEs per device for user plane” for Key Issue 1 captured in [2].

The solution will enable a terminal device with multiple UEs to set up multiple redundant PDU Sessions on these UEs 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. 
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Figure 2: Solution architecture with two UEs in a host
The RAN impacts include:

· O&M configuration of the RAN RGs (Reliability Groups) on a per cell level.

· Prioritization of the handover of the UE to a cell whose RAN RG coincides with the UE’s RG, when such a target cell is suitable. Preventing handover of a UE to a cell with RG different from the UE’s RG.
The key problem of this solution is that the UE may not be able to be served by a cell with best radio link condition and can only be served by cells within its reliability groups. This restriction itself may cause unreliable transmission especially when the UE is located at the edge of a cell.
2.3 Solution #3: Supporting redundant data transmission via single UPF and two RAN nodes
Two protocol stack options are included in the solution, i.e. enhancement of PDCP and GTP-U (Option 1) and a new HRP layer between UE and UPF (Option 2). For the protocol stack option 2, RAN node should be informed by CN to establish tow N3 tunnels between UPF and RAN nodes for the 2 duplicated Qos flow.. Hence in the following we analyze the protocol stack option 1.

First, the RAN node should be informed by CN to establish two N3 tunnels between UPF and two RAN nodes for one QoS flow. 
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Figure 3: Redundant transmission with two N3 tunnels between a UPF and two NG-RAN nodes
As depicted in figure 3, for UL transmission, the UE PDCP entity generates 2 PDCP duplication packets with the same PDCP SN and sends one duplicate to M-RAN and the other to S-RAN. PDCP entities in M-RAN and S-RAN would map or reuse the PDCP sequence number to SN in GTP-U header for the uplink GTP-U packet. UPF will perform duplication detection based on the GTP-U header. 

For DL transmission, 2 duplicated GTP-U packets with the same SN are sent to two RAN nodes by UPF. The PDCP entities in M-RAN and S-RAN would map or reuse the SN in GTP-U header to a same PDCP SN for the packet to UE. The PDCP entity in UE performs the duplication detection.
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Figure 3: protocol architecture between a UE and two NG-RAN nodes
There could be two options in RAN for this solution:

· Option-A: Two DRBs are established for these two paths, one is MN terminated MCG bearer and the other is SN terminated SCG bearer. The UE is with two PDCP entities for the two DRBs, but the two PDCP entities need to coordinate with each other to perform duplication generation and detection.
· Option-B: One DRB is established for the two paths, and there is only one PDCP entity at the UE but two PDCP entities are at M-RAN and S-RAN. In this case, packet duplication generation/detection at UEs does not need to change, but SA3 should further investigate whether separate security contexts are needed in the PDCP entity at the UE.

In order to support aligned PDCP SNs between these two paths, RAN needs to ensure that there is only one QoS Flow mapped to the DRB configured with this CN level duplication. Considering that there should not be many QoS flows requiring this CN level duplication, 32 DRBs supported in NR today should be sufficient.
The RAN impacts include:

1. 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 for a given traffic flow within a PDU Session.

2. RAN should be able to map or reuse SN in GTP-U to PDCP SN and vice versa.

3. Two DRBs with inter-working PDCP entities or one DRB mapped to two PDCP entities at M-RAN/S-RAN can be investigated.

2.4 Solution #4: Supporting redundant data transmission via single UPF and single RAN node
The RAN node is informed by CN to establish two N3 tunnels for one Qos flow. For UL transmission, the NG-RAN generates duplicated uplink GTP-U packets with the same GTP-U SN on redundant N3 tunnels. For DL transmission, the NG-RAN performs duplication elimination function based on GTP-U SN. 
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Figure 4: Redundant transmission with two N3 tunnels between the UPF and a single NG-RAN node

If DC is possible then NG-RAN may switch the UE to DC operation similar to solution 3. Whether to support this switching case is UP to SA2. 
The RAN impacts include:

· Attempt to establish two N3 tunnels for one Qos flow. 
· 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. E.g. GTP-U layer in NG-RAN performs the duplication detection and elimination based on SN in GTP-U header of the GTP-U packet from the two N3 tunnels. NG-RAN generates duplicated uplink GTP-U packets with the same GTP-U SN on redundant N3 tunnels.
2.5 Solution #7: Replication framework in 3GPP System

This is the solution “Replication framework in 3GPP System” for Key Issue 1 captured in [2].

The details for this solution are not totally clear. The key point of this solution could be that UPF indicates whether the downlink GTP-U packet has already been duplicated at CN or application level, so that RAN can determine whether to perform RAN-level duplication based on this indication. 
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Figure 6.7.1-1 Architecture with Replication Framework

The RAN impacts include:
1. Same impacts for whichever solution from #1/2/3/4 this solution is based on.

2. UPF provides an indication (e.g. in GTP-U header) to the RAN regarding traffic duplication, and RAN decide whether to do RAN level duplication based on this indication. 

2.6 Solution #10: Multiple UEs per device for user plane redundancy with broadcast Network Reliability Group
This is the solution “Replication framework in 3GPP System” for Key Issue 1 captured in [2].

This solution is similar to solution #2. Besides the impacts to handover, each UE should select and connect to a cell with its RG. This requires RAN to broadcast RG (Reliability Group) indication for the UE performing RAN selection.

The RAN impacts include:

1. Same impacts for solution 2.

2. The cell should broadcast RG indication in SIB and the UE can only select a cell within its reliability group. 

3 Response to SA2
For those questions requiring RAN2 to reply (i.e. Q1, Q2, Q4, Q6 and Q7) in LS [3], RAN2 can provide feedback based on the analysis above.
Q1: RAN2, RAN3 assessment on the feasibility and the impacts of the above solutions included in TR 23.725.

The solutions are feasible but the impacts of those solutions need further investigation in RAN2.

Proposal 1: For Q1, RAN2 replies that the solutions are feasible but the impacts of those solutions need further investigation in RAN2.
Q2: For solution #10, does RAN2 have a mechanism to support RG (Reliability Group) broadcasting in air interface for cell (Re-)selection?

RG can be broadcast in SIB with a cost of overhead.
Proposal 2: For Q2, RAN2 replies that for solution #10 RG (Reliability Group) can be broadcast in SIB if deemed necessary.

Q4: For solution #3 protocol stack option 2 (introducing HRP protocol between UE and UPF), does RAN2, RAN3 see any impact to RAN?

From RAN2 point view, this HRP protocol is a new layer above SDAP and not an AS protocol. RAN2 has not identified any impacts.
Proposal 3: For Q4, RAN2 replies that for the HRP protocol defined in protocol stack option 2 for solution #3, RAN2 has not identified any impact to RAN2 protocols.

Q6: For solution #7, does RAN2, RAN3 see any issue in using indication from UPF regarding the packet replication in GTP-U packet in order to take further action?

The impacts to RAN2 depend on the action that RAN needs to perform, which is not clearly described in the solution. 
Proposal 4: For Q6, RAN2 replies that for solution #7, the impacts to RAN2 depend on the action that RAN needs to perform, which is not clearly described.

Q7: In general, what kind of deployment scenarios in terms of frequency planning (uniform and dedicated frequency allocation between gNBs, uniform frequency planning in a portion of the network, frequently changing frequency allocation between gNBs) should be assumed? Do RAN1, RAN2, RAN3 see NRG (solution #10/solution #2) to be a feasible solution in all deployments?

The impacts of solutions in term of frequency planning are outside RAN2 discussion scope.
Proposal 5: For Q7, RAN2 replies that the impacts of solutions in term of frequency planning are outside RAN2 discussion scope.

4 Conclusion

In this contribution, we provide our analysis on the high layer multi-connection and have the following proposals:

Proposal 1: For Q1, RAN2 replies that the solutions are feasible but the impacts of those solutions need further investigation in RAN2.

Proposal 2: For Q2, RAN2 replies that for solution #10 RG (Reliability Group) can be broadcast in SIB if deemed necessary.

Proposal 3: For Q4, RAN2 replies that for the HRP protocol defined in protocol stack option 2 for solution #3, RAN2 has not identified any impact to RAN2 protocols.

Proposal 4: For Q6, RAN2 replies that for solution #7, the impacts to RAN2 depend on the action that RAN needs to perform, which is not clearly described.

Proposal 5: For Q7, RAN2 replies that the impacts of solutions in term of frequency planning are outside RAN2 discussion scope.
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