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1. Introduction
In this paper, we will further discuss the Data forwarding and in sequence/Lossless delivery aspects for intra-system mobility between NG-RAN Nodes connected to 5GC.
2. Discussion
For the Data forwarding during intra-system HO between NG-RAN Nodes connected to 5GC, there could be three granularities, i.e. per DRB level, per PDU Session level, or per QoS flow level tunnelling. After lengthy discussion in recent several meetings, the majority companies tend to adopt per DRB level tunnelling. However, there are following two alternatives for per DRB level tunnelling:

Option 1: Pure per DRB level tunnelling.
Option 2: Per DRB level tunnelling + one PDU Session tunnelling, i.e. additionally with a per PDU Session level tunnel for forwarding freshly arrived SDAP PDUs.

The following Fig. 1 illustrates the detailed implementation of Option 1 above.









Fig. 1

As shown in Fig. 1, the Packet 1~3 in the source node are the PDCP SDUs (i.e. SDAP PDUs), the Packet 4~5 are the SDAP SDUs. Packet 1 belongs to QoS flow 1, Packet 2&5 belong to QoS flow 2, Packet 3~4 belong to QoS flow 3. QoS flow 1&2 are mapped to PDCP1/DRB1, QoS flow 3 is mapped to PDCP2/DRB2. During Xn HO, two Xn tunnels (1&2) are established for the data forwarding of DRB 1&2 in the source respectively. 
For the PDCP SDUs (i.e. Packet 1~3), there are no doubt in which tunnel to forward them no matter with or without QFI, since they already have been mapped onto the corresponding DRB in the source. For the SDAP SDUs (i.e. Packet 4~5), it is also clear which tunnel to be selected for the forwarding according to the carried QFI. The SDAP SDUs are encapsulated as SDAP PDUs (i.e. PDCP SDUs) when forwarded to the target node. In the target, if the QoS flow-DRB mapping is maintained, the forwarded data in the tunnel 1&2 are transmitted in the DRB1&2 respectively. 
Therefore, the Option 1 (i.e. pure per DRB level tunnelling) can work well and can save one additional per PDU Session tunnel compared to Option 2. And there is no obviously benefit found for the Option 2.
Proposal 1: To adopt the Option 1 (i.e. Pure per DRB level tunnelling) for data forwarding during HO.
Proposal 2: The forwarded data during HO is SDAP PDU or PDCP SDU (encapsulated with or without SDAP HD protocol header).
The in sequence/Lossless delivery of the forwarded data in the Xn interface during HO is ensured by the sender (the source node). While considering the possible packet loss and multiple paths via the Xn interface, a GTP-U extension header carrying the GTP-U (Xn SN) may be needed to avoid the packet loss and ensure the in sequence reception.

Proposal 3: Considering the packet loss and multiple paths over the Xn interface, a GTP-U extension header carrying the GTP-U (Xn SN) may be needed to avoid the packet loss and ensure the in sequence reception on target side.

Considering the QoS flow-DRB potentially remapping and in sequence/Lossless delivery requirement during HO, e.g. the QoS flow 2 is remapped to the DRB3 (a new DRB) in the target node, as illustrated in Fig. 2 below.

During HO, the target node establishes all the DRBs in the source node (i.e. DRB1&2) and potentially other new DRBs (i.e. DRB3). All the PDCP SDUs (with or without SN) forwarded from the source node should be sent on the same DRBs in the target node.
For the fresh SDAP PDUs in the target (i.e. Packet X, Y, Z), they should be buffered at corresponding PDCP until the transmission of the forwarded PDCP SDUs from the source node have been finished. If the End marker is per QoS flow lever, then those fresh SDAP PDUs can be transmitted on the new remapped DRB after the forwarded PDCP SDUs from the source of the same QoS flow having been finished, so there is no need to wait the completion of all the forwarded PDCP SDUs from the source node.

Proposal 4: In case of QoS flow-DRB remapping during HO, the establishment of data forwarding tunnels is based on the DRBs in the source node.
Proposal 5: In case of QoS flow-DRB remapping during HO, the target node should establish all the DRBs same as the source node and potentially new DRBs according to the requirement of remapping.
Proposal 6: In case of QoS flow-DRB remapping during HO, all the PDCP SDUs forwarded from the source node are sent on the same DRBs in the target node.
Proposal 7: In case of QoS flow-DRB remapping during HO, the freshly arrived SDAP PDUs in the target node, should be buffered at corresponding PDCP until the transmission of all forwarded PDCP SDUs from the same QoS Flow from the source node has been finished.
Proposal 8: When the freshly arrived SDAP PDU in the target node is remapped to a new DRB, if the End marker is per QoS flow lever, then those fresh SDAP PDUs can be transmitted on the new DRB after the PDCP SDUs forwarded from the source node of the same QoS flow have been finished, and there is no need to wait the completion of all the PDCP SDUs forwarded from the source node.
3. Conclusion
In this paper, we have made further discussion on the issues about the Data forwarding during HO and in sequence/Lossless delivery in case of QoS flow-DRB remapping, and provide the following proposals:

Proposal 1: To adopt the Option 1 (i.e. Pure per DRB level tunnelling) for data forwarding during HO.
Proposal 2: The forwarded data during HO is SDAP PDU or PDCP SDU (encapsulated with or without SDAP HD protocol header).
Proposal 3: Considering the packet loss and multiple paths over the Xn interface, a GTP-U extension header carrying the GTP-U (Xn SN) may be needed to avoid the packet loss and ensure the in sequence reception on target side.

Proposal 4: In case of QoS flow-DRB remapping during HO, the establishment of data forwarding tunnels is based on the DRBs in the source node.
Proposal 5: In case of QoS flow-DRB remapping during HO, the target node should establish all the DRBs same as the source node and potentially new DRBs according to the requirement of remapping.
Proposal 6: In case of QoS flow-DRB remapping during HO, all the PDCP SDUs forwarded from the source node are sent on the same DRBs in the target node.
Proposal 7: In case of QoS flow-DRB remapping during HO, the freshly arrived SDAP PDUs in the target node, should be buffered at corresponding PDCP until the transmission of all forwarded PDCP SDUs from the same QoS Flow from the source node has been finished.
Proposal 8: When the freshly arrived SDAP PDU in the target node is remapped to a new DRB, if the End marker is per QoS flow lever, then those fresh SDAP PDUs can be transmitted on the new DRB after the PDCP SDUs forwarded from the source node of the same QoS flow have been finished, and there is no need to wait the completion of all the PDCP SDUs forwarded from the source node.
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