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1
Introduction

In recent RAN3 meeting, the QoS flow offloading was discussed but no conclusion. This contribution focuses on how the end marker works when QoS flow offloading in DC case.
2.   Discussion
We have got the basic agreement on the offloading that Protocol should support both DRB level and Flow level offloading for MR-DC.
From RAN perspective, the offloading granularity can be DRB or QoS flow. The PDU SESSION RESOURCE MODIFY INDICATION is sent from RAN to CN for change the TNL information of the offloading QoS flows.  The RAN can use one message to perform offloading for several QoS flows or one QoS flow. Some QoS flows may belong to one DRB and perform DRB level offloading. But from CN perspective, no DRB level offloading can be aware. So the CN will not distinguish the DRB and QoS flow offloading when it sends end marker to RAN.
Observation 1: when CN sends end marker, it is no difference between DRB level and QoS flow level offloading.

The context for QoS flow offloading is described in SA2 spec 23.502[1] as below. 

4.14.1
RAN Initiated QoS Flow Mobility

This procedure is used to transfer QoS Flows to and from Secondary RAN Node. During this procedure, the SMF and UPF are never re-allocated. The UPF referred in this clause 4.14.1 is the UPF which terminates N3 interface in the 5GC. The presence of IP connectivity between the UPF and the Master RAN node, as well as between the UPF and the Secondary RAN node is assumed.

If QoS Flows for multiple PDU Sessions need to be transferred to or from Secondary RAN Node, the procedure shown in the Figure 4.14.1-1 below is repeated for each PDU Session. 
1.
The Master RAN node sends a N2 QoS Flow mobility Indication (PDU Session ID, QFI(s), AN Tunnel Info) message to the AMF. AN Tunnel Info includes the new RAN tunnel endpoint for the QFI(s) for which the AN Tunnel Info shall be modified.

2.
AMF to SMF: Nsmf_PDUSession_UpdateSMContext reques (N2 QoS Flow mobility Indication message PDU Session ID).

3.
The SMF sends an N4 Session Modification Request (PDU Session ID(s), QFI(s), AN Tunnel Info for downlink user plane) message to the UPF.

4.
The UPF returns an N4 Session Modification Response (CN Tunnel Info for uplink traffic) message to the SMF after requested QFIs are switched.

NOTE:
Step 7 can occur any time after receipt of N4 Session Modification Response at the SMF.

5.
SMF to AMF: Nsmf_PDUSession_UpdateSMContext response (N2 SM information (CN Tunnel Info for uplink traffic)) for QFIs of the PDU Session which have been switched successfully. If none of the requested QFIs have been switched successfully, the SMF shall send an N2 QoS Flow mobility Failure message.

6.
In order to assist the reordering function in the Master RAN node and/or Secondary RAN node, for each affected N3 tunnel the UPF sends one or more "end marker" packets on the old tunnel immediately after switching the tunnel for the QFI. The UPF starts sending downlink packets to the Target NG-RAN.

7.
The AMF relays message 5 to the Master RAN node.
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Figure 4.14.1-1: NG-RAN initiated QoS Flow mobility procedure

From above step 6, we can derive that the CN will one or more end marker on the old tunnel. But it is not clear state whether the end marker for the separately QFI or for all the QFI included in one message PDU SESSION RESOURCE MODIFY INDICATION. 
When the RAN send more than one PDU SESSION RESOURCE MODIFY INDICATION to perform the QoS flows offloading in short duration, if the CN sends the end marker in the old tunnel for each message, the order of two set end makers may not be in sequence. So the RAN cannot distinguish which end marker for which QoS flow group. 

So the QoS flow level end maker is better for the QoS flow offloading, at least the QFI should be carried by end marker, so the RAN can match the end marker for the QoS flow group.

Proposal 1a: QoS flow level end marker should be supported when QoS flow offloading
Proposal 1b: if proposal 1a cannot be supported, the QFI should be carried by end marker for distinguishing the offloading QoS flow groups which is included different message.

3 Conclusion

This contribution further analysis end maker for QoS offloading, the following proposal is made:
Observation 1: when CN sends end marker, it is no difference between DRB level and QoS flow level offloading.

Proposal 1a: QoS flow level end marker should be supported when QoS flow offloading

Proposal 1b: if proposal 1a cannot be supported, the QFI should be carried by end marker for distinguishing the offloading QoS flow groups which is included different message.
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