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1
Introduction

In 5G system, the new QoS framework is introduced. The QoS flow of one PDU session can be mapped to different DRB in RAN when the PDU session setup. But after the PDU session setup, the mapping of QoS flow to the DRB may be changed at Handover, DC offloading, intra-node resource management. This contribution discusses how to support and handle the remapping.
2.   Discussion
RAN has lots of discussion on the QoS flow to DRB mapping and remapping. Some agreements were approached. But regarding the remapping, there is some open issue remaining. In this contribution, we analyze the remapping between QoS flow and DRB and data forwarding triggered by the remapping.

In handover case, the spec captured that the lossless handover user plane procedure could be supported if mapping is maintained in the target node. Because the PDCP PDU SN is assigned within one DRB, the forwarding data may in order to the same DRB in the target node. If the QoS to DRB mapping is changed when the handover performed from source node to target node, the data need to be forwarded to different DRBs in the target node. The PDCP PDU SN cannot be in-sequence in one DRB.  The target node will not know if any data is lost. The lossless data forwarding cannot be guaranteed  
Observation 1: During the handover procedure if QoS flow to DRB mapping is changed, the lossless handover cannot be guaranteed without further enhancement.
If there is no further enhancement, we can assume that the source gNB forwards the mapping table between QoS flow and DRB to the target gNB to guarantee lossless handover as the baseline. It is up to the target gNB to decide whether to accept the mapping table between DRB and QoS flow or not. If the target gNB declines the mapping table, it means target gNB doesn’t intend to guarantee lossless handover for some loss tolerable service. If the gNB intends to ensure the lossless handover, gNB just simply keeps the mapping table between DRBs and QoS flows. 
Observation 2: in handover, if target declines the mapping table between QoS flow and DRB in source node, the data forwarding may not be needed

Proposal 1: in handover, source gNB forwards the mapping table between QoS flow and DRB to the target gNB. Target gNB keeps the mapping rules forwarded from source gNB during handover.

If the target node wants to perform the mapping change base on its RRM policy, the target gNB is free to perform the mapping intra-node change after the data forwarding finished.
Furthermore, there is no motivation to introduce a very complex data forwarding procedure or packet re-ordering functionality in the UE side. 
Proposal 2: in handover, No need to introduce additional mechanism to enhance the handover procedure to guarantee the lossless handover in case of mapping rule change. 
In the Dual Connectivity case, we have discussed in [1], for MR-DC with 5GC, both DRB and QoS flow level offloading is supported. For the DRB offloading, we can completely follow the handover principle. If the support the lossless offloading, the mapping table should be forward to the target node and target node should be follow it.

Proposal 3: in MR-DC, the DRB level lossless offloading completely follows the Handover rules if the mapping is kept 
If the target node wants to change mapping, the lossless DRB offloading cannot be guaranteed. But because the DC offloading is different from HO, the offloading may triggered by non signal strength reason. The source node may keep the connection with UE and finished the transmitting the Data in source DRB.  And then inform the target node to transmit the data from 5G-CN. So if lossless offloading supported when mapping changed, it need to further study and enhance the spec.
Proposal 4: in MR-DC, if the mapping changed during the DRB level offloading, the lossless may be supported with enhancement
In the DC case, the mapping should be changed when QoS flow level offloading. As we discussed in [1], the DRB in the source node still is existing. So the lossless offloading can be supported by implementation. 
Observation 3: in MR-DC, the QoS flow level lossless offloading can be supported by implementation 
In intra-node case, the RAN may change the mapping according the RRM policy. Because it is intra-node mapping change, only the PDCP PDU data need to be considered how to transmit. If the data in the old DRB is transmitted at same time as new DRB. The packet order cannot be guaranteed. 
Observation 4: In intra-node case, there should be a mechanism to solve the out of order delivery caused by QoS flow to DRB re-mapping. 
In the previous meetings, some companies suggested some solutions to solve the out of order delivery issue caused by QoS flow to DRB re-mapping. 
Solution 1: Transmitter side re-ordering based solution, the transmitter won’t transmit via the new DRB until it receives the end marker Ack from the receiver. The transmitter side first buffers the packets of the QoS flow to be remapped to new DRB, and will start to route the buffered packets to the new DRB only after the transmission of the QoS flow in the old DRB is over. 

Solution 2: Receiver side re-ordering, reordering of the packets of one QoS flow from different DRBs is performed in the receiver to guarantee the in-order delivery per QoS flow. The SDAP entity won’t deliver the PDUs to upper layer until all PDUs with end marker from the old DRB to upper layer.  The SDAP entity buffers the packets received from DRB2 first and continue to deliver the packets from DRB1 to upper layer. The SDAP entity will not start to deliver the packets from DRB2 until it has received the end marker from DRB1.
Solution 3: transmitter side Implementation solution, the transmitter won’t transmit via the new DRB until the old layer 2 entity (transmit side) signals end indication to SDAP entity.

Comparison among three solutions
	
	Interface signaling
	Transmitter impact
	Receiver impact

	Solution 1
	End marker is transmitted between transmitter and receiver.
	The transmitter won’t transmit via the new DRB until it receives the end marker Ack from the receiver.
	No impact

	Solution 2
	End marker is transmitted between transmitter and receiver.
	No impact
	The SDAP entity won’t deliver the PDU to upper layer until all PDUs with end marker from old DRB to upper layer.

	Solution 3
	No impact 
	The transmitter won’t transmit via the new DRB until the old PDCP entity signals SAP end marker to SDAP entity.
	No impact


In solution 1 and 2, SDAP layer has to introduce extra signaling overhead by including an end marker. Besides, to be aware of which QoS flow the end marker refers to, the QFI has to be included all the time. 
Proposal 5: in intra-node case, if mapping changed, the lossless can be supported. The re-ordering issue during the QoS flow re-mapping can be resolved by implementation. 
3 Conclusion

This contribution further analyzes the QoS flow to DRB remapping, the following proposal is made:
Observation 1: During the HO procedure if QoS flow to DRB mapping is changed, the lossless handover cannot be guaranteed without further enhancement.
Observation 2: in HO, if target declines the mapping table between QoS flow and DRB in source node, the data forwarding may not be needed

Observation 3: in MR-DC, the QoS flow level lossless offloading can be supported by implementation 
Observation 4: In intra-node case, there should be a mechanism to solve the out of order delivery caused by QoS flow to DRB re-mapping. 
Proposal 1: in HO, source gNB forwards the mapping table between QoS flow and DRB to the target gNB. Target gNB keeps the mapping rules forwarded from source gNB during handover.

Proposal 2: in HO, No need to introduce additional mechanism to enhance the handover procedure to guarantee the lossless handover in case of mapping rule change. 
Proposal 3: in MR-DC, the DRB level lossless offloading completely follows the Handover rules if the mapping is kept 

Proposal 4: in MR-DC, if the mapping changed during the DRB level offloading, the lossless may be supported with enhancement

Proposal 5: in intra-node case, if mapping changed, the lossless can be supported. The re-ordering issue during the QoS flow re-mapping can be resolved by implementation. 
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