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Abstract of the contribution: This paper proposes to update the solution#5, which mainly resolve the ENs from last meeting.
1. Discussion
This P-CR is proposed to resolve the ENs as below.

1. Regarding Editor’s Note: it is FFS if the dual radio UE can also be applied to this solution.

Actually, the main point in this solution#5 does not really care about whether the handover is performed in single radio or dual radio. As long as the user-plane DRB is established in target RAN node and the GTP tunnel has been established in target side, the data will be transmitted in both UL and DL direction. 
Therefore, it is proposed to remove the assumption “UE always works in single radio mode” in the first paragraph in clause 6.5.1 and target node will transmit data as soon as the user-plane is established. If the handover is realized by single or dual radio mode UE belongs to RAN2 decision .
Proposal:

· Remove the “Editor’s Note: it is FFS if the dual radio UE can also be applied to this solution”;

· Remove the assumption “UE always works in single radio mode” in first paragraph. And clarify in procedure that the data transmission will be performed as long as the DRBs in target RAN node is established, which is regardless of single radio or dual radio UE for HO.
2. Regarding Editor’s note: it is FFS how to guarantee UE receiving all the packets sent via source tunnel before handover to target RAN node when UE works in single radio mode.
For N2 based handover, there is no problem for this issue, because the source RAN node anyway knows when the tunnel establishment in target side is finished and can avoid completing the handover in radio interface before the target tunnel is created.
For Xn based handover, it is preferred that source RAN node triggers the step-2a. PDU Session update, so that the source RAN node will send UE the handover command only after it receive the PDU Session update ack.
Proposal:

· Remove the “Editor’s note: it is FFS how to guarantee UE receiving all the packets sent via source tunnel before handover to target RAN node when UE works in single radio mode.”
· Adding a NOTE in step-2 in Xn based handover for illustration as below
NOTE: In case the handover in radio interface is completed even before the secondary tunnel in target side is ready for data transmission in single radio based handover, it is proposed that in single radio based handover case source RAN node will trigger the step-2a. PDU Session update in case that source RAN node trigger handover command to UE too early even before target N3 tunnel is established.. 
3. Regarding “Editor’s Note: how to realize this reordering is FFS”.


· 
· 
It keeps this EN in this meeting. Possibly this EN is resolved by reusing the same reordering mechanism in solutions for KI#1.
1. Change proposal
6.5
Solution #5: Duplication of user plane tunnelling during HO 

6.5.1
Functional Description

Editor's note: General description, assumption, and principles of the solution.

This solution addresses Key Issue#2 (supporting low latency and low jitter during HO). The basic idea is that the user plane tunnel will be established and used to transmit data as long as the DRB is established during handover procedure, so as to avoid the additional latency and jitter brought by data forwarding and/or data path switch on CN side.


It introduces an “enhanced handover” behavior shown as Figure 6.5.1, where the solid line represents user plane connection, and dash line and arrow represents the data transmission and direction. During the figure, the second and third ones show that the CN tunnel for target RAN node-2 has been established before handover procedure is finished in radio interface.
For single radio based handover, the DRBs are available in either source or target side at a given time. For dual radio based handover, the DRBs can be available simultaneously in both source and target side during handover procedure.
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Figure 6.5.1-1: single radio based “enhanced handover” procedure
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Figure 6.5.1-2: dual radio based “enhanced handover” procedure

The “enhanced handover” is defined per [S-NSSAI, DNN]. It can be dynamically provisioned to SMF from UDM or PCF during PDU session procedure, or statically preconfigured in SMF. Then SMF determines if apply this “enhanced handover” for each PDU session and store the association of the “enhanced handover” and PDU session id.
When handover is triggered by source RAN node, the SMF will duplicate the tunnel for the PDU session which is associated to “enhanced handover”, and send the downlink data to both source and target RAN node until the handover is completed.

6.5.2
Procedures

Editor's note: Describes the high-level operation, procedures and information flows for the solution.

6.5.2.1
PDU session establishment or modification
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Figure 6.5.2.1-1: PDU session establishment or modification for “enhanced handover” provisioning

In step3, based on the “enhanced handover” policy provided from PCF or static policy stored in SMF, the SMF determines if the PDU session should be applied for “enhanced handover” and store the association between PDU session id and “enhanced handover” indication.

Note: the SMF may add an indicator to the PDU Session create/update message sent from SMF to RAN to indicate if the PDU session data needs data forwarding when handover happens.
6.5.2.2
N2 based Handover
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Figure 6.5.2.2-1: N2 based handover for “enhanced handover”

The procedure reuse existing N2 based handover, with the following characteristics:


Step-2x: Upon receiving the Session update request and the UE is not working in duplication transmission in Application Layer, the SMF sends Request to AF. Then the AF will perform duplication transmission in Application Layer, e.g. performing Redundancy Handling Functionality as defined in IEEE.
If the SMF knows the data has in Application layer, then it may not trigger this request to AF.
Step-3: During session modification, the SMF establish the secondary tunnel for PDU sessions marked as “enhanced handover” which sharing the same IP address with the original tunnel within the same PDU session.
Step-8: if step-2x occurred, SMF needs to wait for the response in case that duplicate transmission in 3GPP layer even before the application layer is ready..
Step-11: When the secondary tunnel is finished (after step-8), the UPF begins to send duplicate the downlink data and send to both source and target RAN node simultaneously.

Step-12: Before the target DRBs are not established, the target RAN node cache the downlink data from UPF. As long as the target DRBs are established, the UL and DL data transmission will be performed.
Step-13: 
As long as the DRBs in target RAN node are established, UE will transmit the UL and DL data via target RAN node before the handover procedure is totally finished (UE sending handover complete). In dual radio based handover case, the UE will transmit the data via source and target RAN nodes simultaneously before the handover procedure is totally finished.
UE reorders the data from both source and target RAN node.
Editor’s Note: how to realize this reordering is FFS.

Step-15-16: When receiving handover notify, the core network release the tunnel in source RAN side. If the step-2x occured, SMF sends Cancel Duplicate transmission Request to AF and the duplication transmission will not be performed in Application layer.
6.5.2.3
Xn based Handover
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Figure 6.5.2.3-1: Xn based handover for “enhanced handover”
The procedure reuse existing Xn based handover, with the following new features.

Step-1 and 2：When the handover in radio interface is ongoing, the target RAN node sends PDU Session Update to SMF to establish the secondary tunnel in target side for the PDU session. The step-2 will be triggered during the handover procedure in radio interface.

NOTE: In case the handover in radio interface is completed even before the secondary tunnel in target side is ready for data transmission in single radio based handover, it is proposed that in single radio based handover case source RAN node will trigger the step-2a. PDU Session update. However, in dual radio based handover case it is not restricted.


Step-3: When the secondary tunnel is finished (after step-2b), the UPF begin to send duplicate the downlink data and send to both source and target RAN node simultaneously.

Step-4: before the DRB is established, the target RAN node cache the downlink data from UPF.

Step-5: As long as the DRBs in target Node ares established, the target RAN node, UE will transmit the UL and DL data via target RAN node before the handover procedure is totally finished (UE sending handover complete). In dual radio based handover case, the UE will transmit the data via source and target RAN nodes simultaneously before the handover procedure is totally finished.
UE reorder the data from both source and target RAN node in Application layer.


Step-5-7: When receiving path switch request, the core network release the N3 tunnel to source RAN.

6.5.3
Impact on existing entities and interfaces

Editor's note: Impacts on existing nodes or functionality will be added
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