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Introduction
[bookmark: OLE_LINK72][bookmark: OLE_LINK71][bookmark: OLE_LINK51][bookmark: OLE_LINK52]In the previous meeting, RAN2 made the following agreement of QoS flow to DRB mapping. 
 If an incoming UL packet matches neither an RRC configured nor a reflective “QoS Flow ID to DRB mapping”, the UE shall map that packet to the default DRB of the PDU session. 

Within each PDU session, is up to RAN how to map multiple QoS flows to a DRB. The RAN may map a GBR flow and a non-GBR flow, or more than one GBR flow to the same DRB, but mechanisms to optimise these cases are not within the scope of standardization
This contribution will discuss how to treat the case that QoS flow remaps to another DRB. 
Discussion
In the previous RAN2 discussion, RAN2 introduced a new L2 sublayer over PDCP sublayer, SDAP sublayer to handle QoS management.  And the SDAP sublayer is responsible for the QoS flow to DRB mapping. The SDAP entity should perform the QoS flow to DRB mapping based on the mapping policy. So in case the mapping policy changes, the SDAP may re-map the QoS flow to a new DRB.
However unlike the PDCP sublayer, SDAP sublayer doesn’t perform reordering in case the SDAP receives out of sequence SDUs from the lower layer. Namely, the lower layer should ensure the packets are delivered to SDAP sublayer in sequence.  
However, since the QoS flow is mapped to a DRB, a DRB is mapped to one PDCP entity, when QoS flow 2, as depicted below, is re-mapped to another DRB, namely this remapped QoS flow is received by PDCP entity 2, the PDCP entity 2 is not able to re-order the packet alone with the packet received by PDCP entity 1. Therefore, a mechanism is necessary to ensure the SDAP packetsare received in sequence. 




Observation 1: there should be a mechanism to solve the out of order delivery caused by QoS flow to DRB re-mapping. 
In the previous RAN2 meetings, a number of companies suggested some solutions to solve the out of order delivery issue caused by QoS flow to DRB re-mapping.This paper discusses these solutions and we will give some analysis on how these solutions work. 
Solution 1: Transmitter side re-ordering based solution
[bookmark: OLE_LINK6][bookmark: OLE_LINK7]In this solution [1], 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. 
First the SDAP entity of the PDU session generates an end marker or sets a packet as the end marker of the QoS flow in the DRB1 and buffersall packets following the end marker in the SDAP layer. The end marker is a SDAP Data PDU.  
[bookmark: OLE_LINK168][bookmark: OLE_LINK167]And then the PDCP entity in receiver delivers the PDCP SDUs including the end marker to SDAP layer in order. When the SDAP entity in receiver receives an end marker of the QoS flow, it sends an ACK to the transmitter to indicate that it has received all packets prior the end marker of the QoS flow successfully in DRB1.The ACK of end marker should be sent to transmitter via the SDAP control PDU.After the transmitter side receives the ACK of end marker from the receiver, the SDAP entity in transmitter is aware that the transmission of the QoS flow in DRB1 is overand the transmitter side can start transmitting the buffered packets in DRB2.
Solution 2: Receiver side re-ordering
In this solution [1], 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 new SDAP entity won’t deliver the PDUs to upper layer until the old SDAP delivered all PDUs with end marker from the transmitter to upper layer.  
Firstly the SDAP entity of the PDU session generates an end marker or sets a packet as the end marker of the QoS flow in DRB1. The SDAP entity starts transmitting the packets of the QoS flow in DRB2 right after it has delivered the end marker to DRB1 without waiting for the ACK of end marker.
Then the SDAP entity in receiver side may receive the packets of the QoS flow in DRB2 earlier than in DRB1 because of the different treatments in the two DRBs. 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
[bookmark: _GoBack]In this solution, the transmitter won’t transmit via the new DRB until the old layer 2 entity signals end indication to SDAP entity.
Since the SDAP sublayer doesn’t re-order the packets, SDAP can consign re-ordering function to layer 2sublayer by system implementation. For example in the above Figure, in case QoS flow 2 has packets to send, when it delivers the last packet to PDCP layer, it indicates (by implementation) that this is the last packet of QoS flow 2. When PDCP transmitter is made aware that the last transmitted packet has been successfully received , it will submit an indication to SDAP layer, by which the transmitter side is aware that all the packets of QoS flow 2 mapped to DRB 1 have been successfully transmitted.The transmitter side will then transmit the rest of the QoS flow packets via DRB 2. If PDCP is working over RLC UM mode, MAC HARQ can provide feedback of whether the last packet was successfully received. 
Comparison among three solutions
We provide a comparison table among these 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 new SDAP entity won’t deliver the PDU to upper layer until the old SDAP deliver all PDUs with end marker from the transmitter 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


Table 1: comparison table among three solutions
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 1: The re-ordering issue during the QoS flow re-mapping can be resolved by implementation. 
Conclusion
This paper discusses how to handle the QoS flow re-mapping procedureto ensure the packets are in-orderly delivered to the receiver, and we propose:
Proposal 1: The re-ordering issue during the QoS flow re-mapping can be resolved by implementation. 
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