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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.
Last RAN2#100 meeting discussed the QoS flow level offloading between the MN and SN based on [1] but without conclusions. In this document we further analyse the impact on RAN2 to address the above FFS.
2   Discussion
For the QoS flow level offloading, the QoS flow may be 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. 
Importantly, it should ensure the in order delivery for the relocated QoS flow during the offloading procedure. Note that the intra-cell in order delivery has already agreed as follows, and TS 37. 324 has captured the detailed procedures. 
· For DL it is left up to gNB implementation

· An uplink end marker is introduced in the SDAP layer, for QoS flow relocation
· DL Operation
Though it is agreed it is up to the gNB implementation to ensure the in order delivery for intra-cell QoS flow remapping, this 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 it transmission of the offloading QoS flow. For example, the target node may start a timer when it receives the QoS flow offloading signalling request. When the timer is expired, it could transmit DL data to the UE. This could be further studied in RAN3. 
· UL Operation
For UL, the target node informs the QoS flow offloading command to UE. Then the UE could transmit those PDCP PDUs which are not acknowledged to the source node via the old DRB, while transmit fresh new data to the target node.

In order to ensure the in order delivery, the end marker solution could be reused to ensure the in-order delivery. After receiving the QoS flow offloading command, the UE will transmit the end maker to the source node as the last packet. Upon receiving this, the source node shall send one message to the target node informing that the target node could start to deliver the SDAP SDU to the upper layer. The exact signaling could be determined in RAN3. 
Based on the analysis of UL and DL above, the following proposal is made. 
Proposal 1: The end marker solution proposed in intra-cell QoS flow remapping could be reused for the QoS flow offloading in MR-DC. There is no impact on SDAP specification.
3   Conclusion

Based on the discussions in this paper, we propose the following observations and proposals:

Observation 1:  The current mechanism can ensure lossless during QoS flow level offloading
Proposal 1: The end marker solution proposed in intra-cell QoS flow remapping could be reused for the QoS flow offloading in MR-DC. There is no impact on SDAP specification.
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