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1   Introduction
The new stage 2 TS has captured the following agreements made at last RAN2 meetings. 

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
In this contribution, we will discuss the QoS flow to DRB remapping and analyse how the SDAP entity shall accommodate the QoS flow to DRB remapping.
2   Discussion

According to the RAN2 agreements, the SDAP is responsible for the QoS flow to DRB mapping [1]. The SDAP entity should perform the QoS flow to DRB mapping based on the mapping policy.
The SDAP protocol entity is configured for each individual PDU session and it is responsible for mapping the QoS flows to DRBs within one PDU session. If the QoS flows need to be remapped to other DRBs, it will be remapped to DRBs associated with the same PDU session or SDAP entity. Consequently, the SDAP protocol entity should be in charge of the remapping of QoS flows to DRBs within one PDU session.
Observation 1: The SDAP entity should be in charge of remapping of QoS flows to other DRBs within PDU session.
2.1   Out of order delivery caused by QoS flow Remapping
Out of order delivery caused by QoS flow remapping
The QoS flow remapping will lead to out of order delivery issue under some situations. As depicted in Figure1, assuming that QoS flow1 is mapped to DRB1 first and is remapped to DRB2 subsequently. If DRB2 has a higher priority of packet treatment than DRB1, the new data of QoS flow1 in DRB2 may arrive at the upper layer entity earlier than the old data in DRB1. Then the out of order transmission occurs in upper layer and will bring great harm to performance. As depicted in Figure1, the packet9 and packet10 arrive at PDCP2 earlier than the packet7 and packet8 arrive at PDCP1. The packet9 and packet10 will be delivered to upper layer earlier than the packet7 and packet8, i.e., the out of order delivery would occur in upper layer. RAN should resolve this out of order delivery issue caused by QoS flow remapping if in order delivery in AS layer is needed according to requirement of the service. Note that it was agreed that the PDCP may disable its reordering function, thus out of order delivery for some QoS flows were allowed. 
Observation 2: Out of order delivery due to QoS flow remapping may have negative impact on some services.

For the reflective mapping, the out of order delivery will cause the ping pang of QoS flow to DRB mapping relationship because the UE may receive the packets with same QoS flow id from different DRBs alternately due to QoS flow remapping.
Observation 3: Out of order delivery due to DL QoS flow remapping may cause the pingpang of AS reflective mapping.
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Figure 1 Out of order delivery caused by QoS flow Remapping
Proposal 1: The out of order delivery caused by QoS flow remapping should be resolved in NR.
2.2   Solutions for in order delivery

Generally three solutions are given as follows.
· Solution1: Buffering in transmitter
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Figure 2 End marker in transmitter solution
As depicted in Figure2, the transmitter will buffer the packets of QoS flow which will be remapped to new DRB first, and will start to route the buffering packets to the new DRB till the transmission of the QoS flow in old DRB is complete. The buffer can locate in SDAP or PDCP, but it is more reasonable to locate the buffering function in SDAP entity because the SADP entity is in charge of routing the packets to DRBs and it should control the gate to DRBs.
Step1: The transmitter decides or is informed to remap one QoS flow from DRB1 to DRB2. The SDAP entity of the PDU session will generate an end marker or set a packet as the end marker of the QoS flow in the DRB1 and buffer the packets after the end marker in the SDAP layer. The end marker is a SDAP Data PDU.  
Step2: The PDCP entity in receiver will deliver 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 will send an ACK of the end marker to the transmitter to indicate that it has received the packets prior to 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.

Setp3: The SDAP entity in transmitter will understand that the transmission of the QoS flow in DRB1 is over when it receives the ACK of end marker from the receiver. The SADP entity in transmitter will start to transmit the buffering packets and subsequent packets in DRB2 after it received the ACK of ender marker. 
In this solution, the transmitting SDAP entity starts to transmit the packets to new DRB after the transmission in old DRB is complete, the out of order of delivery of the remapping QoS flow will be avoided.
Observation 4: The SDAP control PDU is needed to transmit the ACK of end marker for buffering in transmitter solution.
· Solution2: Reordering in receiver
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Figure 3 Reordering of flow in receiver solution
As depicted in Figure 3, the 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.
Step1: The transmitter decides or is informed to remap one QoS flow from DRB1 to DRB2. The SDAP entity of the PDU session will generate an end marker or set a packet as the end marker of the QoS flow in DRB1. The SDAP entity continues to transmit the packets of the QoS flow in DRB2 after it has delivered the end marker to DRB1 without waiting for the ACK of end marker from the receiver side.

Step2: The receiving PDCP of the DRB1 and DRB2 will deliver the received PDCP SDUs to SDAP layer in order. The SDAP entity in receiver 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 will buffer the packets received from DRB2 first and continue to deliver the packets from DRB1 to upper layer. The SDAP entity will start to deliver the packets from DRB2till it receives the end marker from DRB1.
In this solution, the SDAP entity in receiver reorders the packets of one QoS flow from two DRBs through the end marker and the out of order of delivery will be avoided.
As depicted in Figure 4, the SDAP entity in receiver will not start to deliver the packet9 and packet10 from PDCP entity 2 to upper layer until it receives the end marker from PDCP entity 1.
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Figure 4 Reordering in SDAP layer
In the solution1 and solution2, the end marker is used to indicate the end of transfer of one QoS flow in old DRB. The end marker should be QoS flow specific. In solution1, the receiver should send the ACK of end marker to transmitter. In the solution2, the receiver should reorder the packets per QoS flow based on the end marker. The QoS flow id is needed for the receiver to identify the QoS flow of the received packets belong to for the reorder function in SDAP layer. So the QoS flow id should always be embedded in the packets during the QoS flow remapping procedure. If the QoS flow to DRB mapping is one to one, the QoS flow id is not needed any more.
Observation 5: The QoS flow id should be included during the QoS flow remapping procedure for the reordering in receiver solution.
· Solution3: Performing remapping when queues are empty

In this solution, the gNB can perform the QoS flow to DRB remapping at an occasion when the queues are empty. This method is implementation independent and no new function will be introduced. This implement of QoS flow remapping will depend on the feature of service, e.g. the gNB cannot prejudge when the queues in SDAP/PDCP will be empty and it cannot perform the remapping based on its RRM policy. For the UL, the gNB will have no idea about the queues of QoS flows and it cannot decide when to perform the remapping.
We give the comparison of the three possible solutions:
Table 1 Comparison of possible solutions
	Solutions
	Pros
	Cons

	Solution1 :
Buffering in transmitter
	No buffering and reordering in receiver.

	An interrupt of transmission will happen due to buffer in transmitter.
ACK of end marker in SDAP control PDU is needed.

	Solution2:
Reordering in receiver
	The transmitter can transmit the packets in old DRB and new DRB without an interrupt.
	Buffering and reordering in receiver are needed.
Flow id is needed during QoS flow remapping.

	Solution3:

Perform remapping when queues are empty
	No new function needs to be standardized.
	The gNB cannot initiate the remapping whenever it want to. 
It may not work in UL.


Based on the above comparisons, the buffering function is needed in both solution1 and solution 2. The solution2 can transmit the packets without interrupt during the QoS flow remapping with the introduction of reordering function in receiver only. The reordering function is a simple function which only needs to distinguish the queue received in old DRB from the one received in new DRB through the end marker. The transmitting interrupt cannot be avoided in the solution1and buffering is also needed. Solution3 is limited by the service and cannot resolve the problem sometime. 
For UL, the QoS flow may need to be remapped from default DRB to dedicate DRB when one QoS flow is initialized and no QoS flow to DRB mapping exists. In order to increase the end user perceived service quality, the solution2 will be applied because of no interrupt of transmission will be introduced in the initialization phase of services. Furthermore, the UL QoS flow id is always available in SDAP layer and the gNB can perform the reordering upon the UL QoS flow id. When the UE receives a new QoS flow to DRB mapping it should apply the new mapping at once to align with gNB and the solution 2 is more suitable than soluiton1 because the UE can send the packets in new DRB at once in solution2. 
Proposal 2: Reordering in receiver solution should be used in UL for in-sequence delivery during the QoS flow remapping.

For DL, the gNB decides whether or when to perform the QoS flow remapping. gNB can buffer the packet first and start to send packets to new DRB when the transmission in old DRB is complete to keep in order delivery. The solution1 where buffering function locates in gNB will reduce the complexity of UE where only an ACK of end marker is needed in UE. Furthermore, the possible ping pang of reflective mapping can be avoided because the gNB will not send the DL packets via the new DRB before the transmission in the old DRB is complete.
Proposal 3: Buffering in transmitter solution should be used in DL for in-sequence delivery during the QoS flow remapping.
2.3   Lossless during QoS flow remapping

In addition, when the QoS flow is remapped to DRB and if at the same time the old DRB is released, e.g., there is no QoS flows mapped to this DRB anymore, packet loss may occur since the new DRB is using a new PDCP SN and will be unaware of the PDCP SDUs that were lost in the old DRB. In order to guarantee lossless during the QoS flow to DRB remapping, the old DRB should complete the transmitting of packets of the QoS flow before it is released even if there is no QoS flows mapped to this DRB anymore. The end marker in SDAP indicates the end of the QoS flow in old DRB.The smart node or UE can keep the old DRB alive until all the packets are transmitted completely judged form the end marker. 
Proposal 4: The end marker can be used to guarantee lossless during QoS flow remapping.
3   Conclusion
Based on the discussions in this paper, we propose the following:

Observation 1: The SDAP entity should be in charge of the remapping of QoS flows to other DRBs within PDU session.
Observation 2: Out of order delivery due to QoS flow remapping may have negative impact on some services.

Observation 3: Out of order delivery due to DL QoS flow remapping may cause the pingpang of AS reflective mapping.
Observation 4: The SDAP control PDU is needed to transmit the ACK of end marker for buffering in transmitter solution.
Observation 5: The QoS flow id should be included during the QoS flow remapping procedure for the reordering in receiver solution.

Proposal 1: The out of order delivery caused by QoS flow remapping should be resolved in NR.
Proposal 2: Reordering in receiver solution should be used in UL for in-sequence delivery during the QoS flow remapping.
Proposal 3: Buffering in transmitter solution should be used in DL for in-sequence delivery during the QoS flow remapping.

Proposal 4: The end marker can be used to guarantee lossless during QoS flow remapping.
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