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Abstract of the contribution: This contribution updates the solution #5 with specifying how to guarantee packet loss during the handover and how to identify duplicated packets at the target RAN during the handover when UE works in single radio mode.
1. Proposal
This document includes the direct/indirect packet forwarding procedure to guarantee the lossless handover. In current solution #5, it is not clear that the source RAN forwards packet which are received via source tunnel before the enhanced handover and during the enhanced handover to the target RAN. When UE works in single radio mode, UE may not receive the packet from the source RAN during the enhanced handover, so if the source RAN does not forward the packets which are received before the enhanced handover to the target RAN, the packets can be lost. On the other hand, when UE works in dual radio mode, since the UE can receive the packets, which are received before and during the enhance handover, from the source RAN, no packet losses occur. But, with the packet forwarding from the source RAN node to the target RAN node, it can increase the reliability on the target RAN node’s receiving the packets. Therefore, in this solution, we use the direct and indirect packet forwarding techniques to forward the packets from the source RAN to the target RAN during the handover in order to solve the packet loss problem and increase reliability. Also, this solution can remove editor notes regarding how to guarantee UE receiving all the packets sent via source tunnel before the handover to target RAN node when UE works in single radio mode.

Also, this document includes how to identify duplicated packets at the target RAN during the handover. When direct/indirect forwarding is conducted during the enhanced handover, the target RAN receives duplicated packets from both the source RAN and UPF. In this case, the target RAN should identify and eliminate such duplicated packets. Therefore, we assign identical GTP-U sequence numbers to the duplicated packets. Thus, it is possible for the target RAN to identify the duplicated packets received from both the source RAN and UPF. This feature allows eliminating the duplicated packets.
* * * Start of Changes * * * 

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 packets as long as the DRB is established during handover procedure, which is called "enhanced handover", so as to minimize the additional latency and jitter incurred by the packet forwarding and/or the data path switch on the CN side. Also, during a handover procedure, the packets in the source RAN node can be forwarded from the source RAN node to target RAN node in order to increase the transmission reliability.
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 the source RAN node, SMF will duplicate the tunnel for the PDU session which is associated to "enhanced handover", and send the downlink packets to both source and target RAN nodes until the handover is completed.

6.5.2
Procedures

Editor's note:
Describes the high-level operation, procedures and information flows for the solution.
6.5.2.2
N2 based Handover
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Figure 6.5.2.2-1: N2 based handover for "enhanced handover"

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

3.
During session modification, SMF establishes 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.
9-10. SMF sends "Session Update Request Ack" with the GTP-U sequence number, that was inserted to the first packet of redundant transmissions, to AMF. Then, AMF sends "Handover command" with the GTP-U sequence number.
11.
When the secondary tunnel is finished, the UPF begins to duplicate the downlink data with identical GTP sequence numbers and sends to both the source and target RAN node simultaneously.
12-1. The source RAN node forwards the stored packets, which were received before the redundant transmissions, to the target RAN node. When the source RAN node forwards all of the stored packets, the source RAN node sends "end mark" to the target RAN node. 
12-2. If the target DRBs are not yet established, the target RAN node caches the downlink packets from UPF and the source RAN node. Then, the target RAN node conducts reordering of the cached packets. As long as the target DRBs are established, the UL and DL data transmission will be performed.


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, 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 nodes.

Editor's note:
how to realize this reordering is FFS.

15-16:
When receiving handover notify, the core network releases the tunnel in source RAN side.

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 reuses the existing Xn based handover, with the following new features.

1-2. 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.
3.
When the secondary tunnel is established, the UPF begins to duplicate the downlink data and send to both source and target RAN nodes simultaneously with the same GTP-U sequence number that was used in the old tunnel between the source RAN and UPF.
4. 
The target RAN node sends the GTP-U sequence number that was inserted to the first packet in redundant transmissions.

5-1. The source RAN node forwards the stored packets, which were received before the redundant transmissions, to the target RAN node, and the source RAN node sends "end mark" to the target RAN node. After that, the source RAN node forwards the packets received during the redundant transmissions to the target RAN node for high reliable handover.
5-2. If the target DRBs are not yet established, the target RAN node caches the downlink packets from UPF and the source RAN node. Then, the target RAN node conducts reordering of the cached packets. Also, the target RAN node identifies and eliminates duplicated packets based on the GTP-U sequence number.


6.
As long as the DRBs in target Node are 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.

Editor's note: how to realize this reordering is FFS.

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


* * * End of Changes * * * 
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Forwarding data with seq







5-1. Source RAN forwards the packet received before and during the handover
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