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1.
Introduction
This paper performs analysis of the solutions#1, #2, #3, #4 and #7 and proposes a conclusion for key issue #1. 
2.
Discussion

2.1 
General
Solution#1 proposes a Redundant user plane path with single UE and two independent PDU Sessions. This solution uses IEEE FRER on upper layer between UE and DN, extend the dual connectivity to establish two disjoint redundant user plane paths. This solution provides the redundancy on the whole network transmission path.
Solution#2 proposes a Redundant user plane with two UEs and two independent PDU Sessions. This solution also uses IEEE FRER on upper layer and provides an end to end reliability for the user plane transmission. This solution provides an additional UE redundant compared to solution#1.
Solution#3 provides a redundant user plane on radio and N3 interface. Solution#4 and Solution #7 provide a redundant user plane on N3 interface. All these 3 solutions required the duplication function in UPF and have impacts to NG-RAN. However, these solutions can be replaced by a transport layer duplication mechanism and do not need further standard impacts on UPF and RAN.
2.2
Transport layer Redundant Transmission

The solution architecture is shown in the Figure 1 below. The backhaul provides two transport paths between UPF and NG-RAN. The RHF entities (which is out of 3GPP scope) that support FRER reside in NG-RAN and UPF make use of the independent paths. For this solution, there is no need to enhance the “3GPP defined stack” of UPF and NG-RAN to support data duplication.
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Figure 1: Redundant Transmission on Transport Layer Solution architecture

- UE establishes the PDU session for the URLLC. SMF determines based on the DNN or S-NSSAI and selects the UPF that support the FRER for the PDU session. The single N3 tunnel is established between UPF and NG-RAN.
- For DL data transmission, UPF sends the DL packets on N3 tunnel. FRER in UPF duplicate the DL data on the transport layer. FRER in NG-RAN eliminates the received duplicated DL data and sends to NG-RAN. 

- For UL data transmission, NG-RAN sends the received UL packets on N3 tunnel, the FRER in NG-RAN performs the redundant handling on the backhaul transport layer. The FRER in UPF eliminates the received duplicated UL data and sends to UPF.

The solution can be extended by multiple UPFs scenario as figure 2. The RHF entities (which is out of 3GPP scope) that support FRER reside in NG-RAN and UPFs make use of the independent paths. The redundant transmission based on single N3 and N9 tunnel between a single NG-RAN mode and the UPF. The FRER support the packet replication and elimination function on transport layer. 
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Figure 2: Redundant Transmission on Transport layer for multiple UPFs
The similar architecture in figure 2 can also extend to home routed roaming scenario (if so desired). The NG-RAN is connected to the anchor UPF in the HPLMN via an intermediate UPF node in the VPLMN to support redundant transmission with single N3 and N9 tunnels. The V-SMF selects the single intermediate UPF and setup the tunnel on N3 and N9 interface. The FRER reside in NG-RAN, V-UPF and anchor UPF performs the packet replication and elimination function on transport layer. 

2.3
Transport Layer Redundant Transmission and PDCP Duplication 
Solution#3 provides redundant transmission on both N3 and Uu interface. The PDCP duplication specified in TS 36.300 also provides the redundant transmission on Uu interface. The architecture in Figure 3 shows the transport layer redundant transmission and PDCP duplication which provides the same reliability as solution#3.
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Figure 3: Transport Layer Redundant Transmission and PDCP Duplication architecture

Figure 4 shows the PDCP duplication architecture. For the DL data packet received from N3 tunnel, the anchor gNB activate the PDCP duplication and sends duplicated data packets to secondary gNB. UE receives the DL data through both master gNB and secondary gNB. for the UL data transmission, UE activates the PDCP duplication and sends the UL data to Master gNB and Secondary gNB separately. PDCP layer in the anchor gNB drops the duplicated data and send the UL data to N3 tunnel.
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Figure 4: PDCP duplication

Another benefit for this PDCP duplication solution compared to the solution# 4 is to support the fast recovery feature. The WID on DC/CA enhancements in RP-181469 has one of the objectives to support fast recovery of MCG link, e.g. by utilizing the SCG link and split SRBs for recovery during MCG failure while operating under MR-DC. This Transport Layer Redundant Transmission and PDCP Duplication architecture can provide the control plane reliability besides the user plane reliability on Uu interface. 
According to the above analysis, the Transport Layer Redundant Transmission solution takes the same reliability on the N3 transmission as solution#4 and solution#7. The PDCP duplication has been supported in Rel-15 and can provide  the same reliability on user plane but more benefit on control plane recovery than solution#3 by combination with Transport Layer Redundant Transmission solution.

3.
Proposal

It is proposed to adopt following text in TR 23.791.
****************************************Start of the first Change************************************
7
Overall Evaluation
Editor's note:
This clause will provide evaluation of different solutions.

7.1
Evaluation for key issue 3

For QoS flows with low latency requirements

· 1) The server supporting the UE's applications needs to be kept geographically and topologically close to the UE, e.g. within a transmission latency of 0.1 ms to 1 ms from the radio base station site.

· 2) The low latency targets can be supported with triggering the anchor relocation after the mobility event to target NG-RAN node takes place.

NOTE:
This assumption means that transient delays can be afforded since the UE can be temporarily connected to a "suboptimal" UPF until the UPF is relocated.

· 3) The SMF that will trigger the anchor relocation, does not have to anticipate in advance the mobility event, before the actual mobility event occurs.
7.2
Evaluation for Key issue 1
Solution#1 proposes a Redundant user plane path with single UE and two independent PDU Sessions. This solution uses IEEE FRER on upper layer between UE and DN, extend the dual connectivity to establish two disjoint redundant user plane paths. This solution provides the redundant on the whole network transmission path.

Solution#2 proposes a Redundant user plane with two UEs and two independent PDU Sessions. This solution also uses IEEE FRER on upper layer and provides an end to end reliability for the user plane transmission. This solution provides an additional UE redundancy compared to solution#1.

Solution#3 provides a redundant user plane on radio and N3 interface. Solution#4 and Solution #7 provide a redundant user plane on N3 interface. All these 3 solutions required the duplication function in UPF and have impacts in NG-RAN.
The Transport Layer Redundant Transmission solution takes the same reliability on the N3 transmission as solution#4 and solution#7, and there is no 3GPP impacts. The PDCP duplication has been supported in Rel-15 and can support the same reliability as solution#3 by combination with Transport Layer Redundant Transmission solution by utilizing the SCG link and split SRBs for recover during MCG failure while operating under MR-DC. This Transport Layer Redundant Transmission and PDCP Duplication architecture can provide the control plane reliability besides the user plane reliability on Uu interface. 

8
Conclusions

Editor's note:
This clause will list conclusions that have been agreed during the course of the study item activities.
Conclusion for Key Issue#1: It is agreed to adopt the Redundancy Handling Function (RHF) to support the high reliability requirement in key issue 1. The RHF is assumed to be supported in 3GPP system but it is not defined in 3GPP (out of 3GPP scope, e.g. IEEE TSN FRER). The RHF can reside between UE and UPFs to support two independent PDU Sessions between single UE and two UPFs (as defined in solution #1). The RHF can reside between UEs and UPFs to support two independent PDU Sessions between multiple UEs per device and two UPFs (as in solution #2). The RHF can also reside between NG-RAN and UPF to support two independent backhaul transport layer transmissions (as in solution #7).
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