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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 objective of this study item is to investigate enhancements to URLLC (Ultra Reliable Low Latency Communications) with the already existing solutions for NR as the baseline, e.g. L2/L3 enhancements as below.
	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.


The contribution discusses the higher layer multi-connection studied by SA2 from RAN2/3 point of view.
2 Discussion
SA2 URLLC SI are evaluating the potential architecture enhancements for supporting URLLC services in 5G System. To meet the URLLC requirements on latency, jitter and reliability in 5G System as defined in TS 22.261, solution 3 and 4 in [2] can support high reliability by redundant transmission in user plane. They have possible RAN2/3 impact. As SA2 is studying this aspects and is expected to narrow down their study scope, then further input from SA2 is needed from RAN3 perspective. 
Below we mainly focus on impact of the solution 3 and solution4 as follows. 

2.1 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). Protocol stack option 2 is transparent to RAN, hence the following only analysis protocol stack option 1.

The RAN node is informed by CN establishes two N3 tunnels between UPF and two RAN nodes for one Qos flow. 
For UL transmission, UE PDCP generate 2 PDCP duplication packets and send one to M-RAN and one to S-RAN. PDCP in gNB put or map the PDCP sequence number into SN in GTP-U header for the uplink GTP-U packet. UPF node use the SN as duplication detection. 
For DL transmission, 2 duplication GTP-U packet is sent to two RAN nodes by UPF. The PDCP put or map the SN in GTP-U header as PDCP SN for the packet to UE. PDCP in UE performs the duplication detection. 
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Figure 2: Redundant transmission with two N3 tunnels between a UPF and two NG-RAN nodes
Based on the above analysis, the main RAN2/3 impact:

· AMF send the indication to M-RAN in the session setup request message to request the NG-RAN to establish two N3 tunnels on two NR-RAN. Base on this indication, M-RAN establish the one tunnel in M-RAN and the other tunnel in S-RAN.
· For protocol stack option 1, PDCP in NG-RAN put or map SN in GTP-U header of the GTP-U packet into the PDCP SN for DL packet. 
· For protocol stack option 1, PDCP in NG-RAN put or map the PDCP sequence number into SN in GTP-U header for the uplink GTP-U packet.
2.2 Solution #4: Supporting redundant data transmission via single UPF and single RAN node
The RAN node informed by CN establishes two N3 tunnels for one Qos flow. For UL transmission, the PDCP protocol use the PDCP sequence number as GTP-U SN for the duplicated uplink GTP-U packet on redundant N3 tunnels. For DL transmission, the PDCP protocol use the GTP-U sequence number as PDCP SN for the packet to UE. And the PDCP protocol use the GTP-U SN as elimination function. 
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Figure 1: Redundant transmission with two N3 tunnels between the UPF and a single NG-RAN node
Based on the above analysis, the main RAN2/3 impact:

· AMF send an indication in the session setup request message to request the NG-RAN to establish two N3 tunnels for one Qos flow. Based on this information, NG RAN establish 2 tunnels and send 2 tunnel addresses to CN.
· GTP-U layer in NG-RAN perform the duplication detection and elimination based on SN in GTP-U header of the GTP-U packet from the two N3 tunnels.
· NG-RAN put or map the PDCP sequence number into SN in GTP-U header for the uplink GTP-U packet.
3 Conclusion

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

Proposal 1. The potential RAN2/3 impact of higher layer multi-connectivity as studied by SA2 in CA and DC case:

· 
solution 3
· AMF send the indication to M-RAN in the session setup request message to request the NG-RAN to establish two N3 tunnels on two NR-RAN. Base on this indication, M-RAN establish the one tunnel in M-RAN and the other tunnel in S-RAN.
· For protocol stack option 1, PDCP in NG-RAN put or map SN in GTP-U header of the GTP-U packet into the PDCP SN for DL packet. 
· For protocol stack option 1, PDCP in NG-RAN put or map the PDCP sequence number into SN in GTP-U header for the uplink GTP-U packet.
· Solution 4
· AMF send an indication in the session setup request message to request the NG-RAN to establish two N3 tunnels for one Qos flow. Based on this information, NG RAN establish 2 tunnels and send 2 tunnel addresses to CN.
· GTP-U layer in NG-RAN perform the duplication detection and elimination based on SN in GTP-U header of the GTP-U packet from the two N3 tunnels.
· NG-RAN put or map the PDCP sequence number into SN in GTP-U header for the uplink GTP-U packet.
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