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1   Introduction
At last RAN2 meetings, the following agreements were made regarding QoS flow offloading between the MN and SN. 

RAN2#AH Agreements:

3: The DRB level offloading (i.e. offloading all QoS flows of a DRB) is supported between the MN and SN. 

FFS: The QoS flow level offloading between the MN and SN, and if supported then whether lossless handover can be supported.

 4:
The lossless handover user plane procedure could be reused for DRB level offloading, if mapping is maintained in the target node.

FFS: If the case where mapping is not maintained can support lossless handover

RAN2#99 Agreement:

2:
QoS flow level offloading between the MN and SN is supported in NR.

In this paper, we would analyse further the in-order delivery for MR-DC.
2   Discussion

For the QoS flow level offloading, the QoS flow is relocated from a MN terminated bearer to a SN terminated bearer or vice versa. The old DRB remains at the source node after the offloading. Hence those PDCP PDUs which are not acknowledged could be continuously served by the source node via the old DRB, while fresh new data could be transmitted over the target node. Hence the current mechanism can ensure lossless delivery during QoS flow level offloading. 

Observation 1:  The current mechanism can ensure lossless during QoS flow level offloading in MR-DC/NR-DC. 

Importantly, it should ensure the in order delivery for the relocated QoS flow during the offloading procedure. 
RAN2 has discussed the QoS flow remapping in one cell (i.e. map one QoS flow from one DRB to another DRB). In order to ensure in order delivery of the remapping QoS flow, RAN2 has the following agreements:
· For DL it is left up to gNB implementation. i.e. The node should transmit the DL data of the remapping QoS flow via the new DRB to the UE after it confirms that the UE has already received all the DL data of this remapping QoS flow transmitted via the old DRB
· For UL, an uplink end marker is introduced in the SDAP layer. After receiving the remapping command, the UE sends one end marker in the old DRB. Then UE sends the UL fresh data of this remapping QoS flow via the new DRB. The detailed procedures are captured in TS 37. 324.  The gNB delivers the UL data received via the new DRB to the UPF after it receives the uplink end marker via the old DRB.
It is reasonable to also reuse the mechanism of QoS flow remapping in one cell and enhance it for the QoS flow level offloading in MR-DC/NR-DC.
· DL Operation

Though it is agreed that it is up to the gNB implementation to ensure the in order delivery for intra-cell QoS flow remapping, the QoS flow level offloading involves both the source node and the target node. The target node should transmit the fresh data to the UE after it confirms that the source node has already completed the transmission of offloaded QoS flow. Therefore some coordination is required to ensure the in order delivery. As indicated in Figure1, QoS flow1 is moved from MN to SN. The detailed procedures are given as follows. 
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Figure 1 Possible solution for DL in-order delivery
· Step1: After receiving the path switch request message, the UPF will send one or many end markers to the MN and start to transmit packets of QoS flow1 to the SN. 

· Step2: When the MN confirms that those DL packets prior to the end marker have been successfully transmitted to UE, the MN will send a start indicator to SN via Xn interface.

· Step3: When the SN receives the new packets of QoS flow1 from UPF, it will not start to transmit the packets immediately until it receives the start indicator from the MN.

In this solution, the MN is in charge of packets prior to the end maker while the SN is in charge of packets after the end marker sent to UE. The coordination between the source node and target node ensures the in-order delivery of DL data. The data forwarding is not needed then. 
RAN3 has agreed that the UPF sends one or several end markers to the source node per PDU session in the handover case, and also agreed that the data forwarding between NG-RAN nodes with the change of logical node hosting the PDCP entity is as same as the one for handover. In that case, even there are more than one offloading QoS flow, the UPF can send the end marker after it has sent all the packets of those flows to the source node, similarly as for handover case. In addition, the source node knows which QoS flows are offloaded, and it has the information which path has been switched to the target node. Therefore, it works well for QoS flow offloading by UPF sending the end marker per PDU session. 
Proposal 1: For DL QoS flow level offloading, 

· the UPF sends one or more end markers per PDU session to the source node.
· data forwarding is not needed. That is, those packets prior to the end maker should be transmitted via the source node and the new packets from the UPF should be transmitted via the target node.

· the source node should inform the target node to start the transmission of QoS flow via Xn message. 
· UL Operation

For UL, the source node informs the QoS flow offloading to the UE. Then the UE could transmit those PDCP PDUs which are not acknowledged to the source node via the old DRB, while transmit the new data to the target node. 

The end marker solution could be reused to ensure the in-order delivery. As indicated in Figure 2, QoS flow1 is moved from MN to SN. The detailed procedures are given as follows. 
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Figure 2 DL in order delivery solution

· Step1: Upon receiving the QoS flow offloading request, the UE will send an end marker packet towards the MN. 

· Step2: When the MN has received the end marker and delivered the in sequence packets to UPF, the MN will send a start indicator to the SN via Xn message.

· Step3: When the SN receives the packets of QoS flow1 from the UE, it will not start to deliver the packets to UPF until it receives the start indicator for QoS flow1 from MN via Xn interface.

In this solution, the UE transmits those packets prior to the end maker to the source node and the packets after the end marker to the target node. With the coordination between the source node and target node, the in order delivery can be guaranteed without data forwarding.

Proposal 2: For UL QoS flow level offloading, 
· data forwarding is not needed.
· the source node should inform the target node to start the delivery of the QoS flow to UPF via Xn message.
3   Conclusion

Based on the discussion in this paper, we have the following observation and proposals:

Observation 1:  The current mechanism can ensure lossless during QoS flow level offloading in MR-DC/NR-DC.
Proposal 1: For DL QoS flow level offloading, 

· the UPF sends one or more end markers per PDU session to the source node.
· data forwarding is not needed. That is, those packets prior to the end maker should be transmitted via the source node and the new packets from the UPF should be transmitted via the target node.

· the source node should inform the target node to start the transmission of QoS flow via Xn message. 

Proposal 2: For UL QoS flow level offloading, 

· data forwarding is not needed.
· the source node should inform the target node to start the delivery of the QoS flow to UPF via Xn message.
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