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1   Introduction
At last RAN2 meetings, the following agreements were made regarding QoS flow offloading in NR-DC [1]. 

Agreements

1: The MN makes the decision to move ongoing/existing QoS flows to the SN (this agreement does not imply whether the QoS flow is moved by moving a single flow or by moving a whole bearer)

FFS Whether MN or SN takes the decision for flows being moved from SN to MN

2: The SN can reject the addition of a QoS flow, and inform the MN.

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

5: The SN is responsible for the DRB management (e.g., setup, modify, release) of SCG/SCG-split bearers, and the QoS flow -> DRB mapping at the SN

In this contribution, we provide the further discussions on the QoS flow level offloading in DC.
2   Discussion
2.1   QoS flow level offloading 
It remains FFS whether the QoS flow level offloading between the MN and SN should be supported. We envision the following motivations to support the QoS flow level offloading. 

-
As indicated in [2], the 5G QoS model is QoS flow based framework. It is natural to support the QoS flow level offloading in NR-DC which has finer granularity than the DRB level.  

-
If only DRB level offloading is supported, the SN may accept or reject all QoS flows mapped to the DRB in case of resource limitations. Hence the DRB level may increase the failure of offloading. On the contrary, QoS flow level offloading may give the network more flexibility for better load balancing performance.  
Proposal 1: QoS flow level offloading should be supported between the MN and the SN.
2.2   Lossless operation for QoS flow level offloading
It is also FFS whether the lossless operation could be ensured for the QoS flow level offloading. Due to the stringent requirements of the QoS flows, clearly, the lossless operation (lossless, in-sequence, without duplicate) should be supported. 

Proposal 2: Lossless operation should be supported during the QoS flow offloading. 
In [3] intra cell QoS flow remapping was discussed and ‘Ender marker’ solution was proposed. Following the same principle, the following gives the solutions to lossless operation of QoS flow level offloading.
· DL Lossless Operation

Taken the QoS flow1 moved from MN to SN as an example indicated in Figure. 1, the detailed procedures are given as follows. 

[image: image1.emf]MN SN

UPF

DR

B1

DR

B2

DR

B3

Xn

UE

QoS flow1

E

QoS flow1 start

E

Step1: UPF perform 

path switch

Step2: MN send start 

indicator to SN

Step3: SN start to 

transmit new data


Figure 1 DL Lossless solution
Step 1: When the MN receives the response from the SN, it will send a path switch to NGC, and the UPF will send one or many end markers to indicate the end of transmission in old tunnel and start to transmit the packets of QoS flow1 in the new tunnel to the SN. 
Step 2: When the MN has confirmed that those packets prior to the end marker has been successfully transmitted to UE where an Ack from UE may be needed, the MN will send a start indicator to SN via Xn interface.

Step 3: When the SN receives the packets of QoS flow1 from UPF, it will not start to transmit the packets until it receives the start indicator from the MN.
In this solution, the MN is in charge of transmission of packets prior to the end maker to UE and the SN is in charge of transmission of packets after the end marker to UE. The coordination between the source node and target node i.e. start indicator can guarantee the in-sequence delivery. The lossless of packets can be guaranteed by the source node or target node independently. The data forwarding is not needed and less complexity is introduced.

Proposal 3: For DL, the old packets prior to the end maker should be transmitted to UE via source node and the new packets after end marker should be transmitted to UE via target node.
Proposal 4: For DL, the source node should indicate target node to start the transmission of the QoS flow to UE via Xn message.
· UL Lossless Operation

The basic procedure is given as follows as indicated in Figure.2.  
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Figure 2 UL Lossless solution
Step1: The UE may perform the UL transmission upon receiving the new configuration. And the UE will send an end marker in the old path to indicate the end of the transmission, i.e. towards the MN. 
Step2: When the MN has received the end marker and has delivered the in sequence packets to UPF, the MN will send a start indicator to the SN.

Step3: When the SN receives the packets of QoS flow 1 from the UE, it will not start to deliver the packets to UPF until it receives the start indicator from MN via Xn.
In this solution, UE transmits those packet prior to the end maker to the source node and transmits those packets after the end marker to the target node. The coordination between the source node and target node i.e. start indicator can guarantee the in-sequence delivery. The lossless of packets can be guaranteed by the source node or target node independently. The data forwarding is not needed and less complexity is introduced.

Proposal 5: For UL, the UE should indicate source node the end of transmission of offloading QoS flow.
Proposal 6: For UL, the source node should indicate the target node to start the delivery of the QoS flow to UPF via Xn message.
3   Conclusion

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

Proposal 1: QoS flow level offloading should be supported between the MN and the SN.

Proposal 2: Lossless operation should be supported during the QoS flow offloading. 
Proposal 3: For DL, the old packets prior to the end maker should be transmitted to UE via source node and the new packets after end marker should be transmitted to UE via target node.
Proposal 4: For DL, the source node should indicate target node to start the transmission of the QoS flow to UE via Xn message.
Proposal 5: For UL, the UE should indicate source node the end of transmission of offloading QoS flow.
Proposal 6: For UL, the source node should indicate the target node to start the delivery of the QoS flow to UPF via Xn message.
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