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1   Introduction
Last RAN2 meeting agreed the QoS flow to DRB remapping as follows. But how to ensure in order delivery has no consensus.
Agreements:

2.
RAN should be able to move/remap a QoS flow from one DRB to another DRB

In this contribution, we intend to provide comparative analysis of several solutions, and propose the way forward.
2   Discussion

2.1   Out of order delivery caused by QoS flow remapping
As mentioned in many previous papers, the QoS flow remapping will lead to out of order delivery. For example, as depicted in Figure1, assuming that QoS flow1 is transmitted over DRB1 first and is remapped to DRB2 with a higher priority, the new data over DRB2 may be delivered to the upper layer earlier than the old data in DRB1, which will bring great harm to system performances.
Observation 1: Out of order delivery may have negative impact on upper layer.

For the reflective mapping, the out of order delivery will cause the ping pang of QoS flow to DRB mapping because the UE may receive the packets with same QoS flow ID from different DRBs alternately.
Observation 2: Out of order delivery 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 and pingpang caused by QoS flow remapping should be resolved.
2.2   Potential Solutions
1) Solution1: End Marker 

The solutions were presented in [1][2]. The transmitter generates an end marker at the SDAP layer for the switched QoS flow. Based on this, the receiver will deliver packets from the old DRB to the high layer first, then deliver packets from the new DRB.  
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Figure 2 Reordering of flow in receiver solution
As depicted in Figure 2, the QoS flow is decided to be switched from DRB1 to DRB2. The transmitting side of SDAP entity will generate one or more end markers for the QoS flow transmitted over DRB1, meanwhile continue to transmit the packets over DRB2 after it has delivered the end marker to DRB1. At the receiver, the SDAP entity only starts to deliver the packets received from DRB2 till it receives the end markers from DRB1.
This solution requires to introduce the end marker in the SDAP layer. Further for the RLC UM mode, more end makers are needed to avoid packets loss.

2) Solution  2: Timer based 
This solution is depicted in [3]. Once the SDAP layer receives data belonging to the QoS flow from the new DRB, it will store the received data and start a timer. When the timer expires, the SDAP stops receiving data from the old DRB, and delivers all the data from the new DRB to the upper layer. 
This solution requires a relatively accurate timer. Otherwise, this solution will cause packets losses if the timer value is too small or will cause the extra delay if the timer is too big.
3) Solution 3: Copying of PDCP PDUs 

This solution is given in [4]. Upon detecting a remapping of a flow to a different DRB, the PDCP transmitter copies all the not-yet-RLC-ACKed PDCP PDUs to the target DRB’s PDCP entity. 
We consider this solution cannot ensure the in order delivery due to the fact that the packets of the remapped QoS flow would be received from the old DRB and new DRB separately or possibly interleaved. For example, for a QoS flow, assuming that the packet1,4 are RLC-ACKed and packet 2, 3 are not-yet-RLC-ACKed in the old DRB, the packet 2, 3 will be copied to the new DRB. When a new packet 5 is transmitted over the new DRB, then it is possible that the packet 5 is delivered to upper layer first before the packet 4 from the old DRB due to the reordering in the old PDCP.
Furthermore, this solution will result in duplicated packets which will have impact on higher layers, e.g. the duplicated TCP ACKs.
4) Solution 4:Transmitter Side Implementation
This solution is given in [5], where the transmitter won’t transmit via the new DRB until it identifies that the last packet over the old DRB is successfully transmitted. For RLC AM, it is possible but with the interlayer interactions between SDAP and PDCP. For RLC UM mode, it requires the MAC HARQ to provide feedback to e.g. SDAP/PDCP, which requires tight inter layer interactions. 
Based on the above discussions, we give the comparison table below.

Table 1 Comparison of the existing solutions:
	
	Pros
	Cons
	Standard impacts

	Solution 1
	In order delivery guaranteed
	For RLC UM mode, more end markers are needed to avoid packet loss.
	End marker needs to be introduced in SDAP layer.

	Solution 2
	Possibly in order delivery guaranteed
	The undesirable packets loss or packet delay due to the unsuitable timer.
	A Timer needs to be introduced.

	Solution 3
	Simple
	Cannot guarantee in order delivery completely ;

Result in the duplicated packets to upper layer.
	Define the UE’s behavior for the copying operation.

	Solution 4
	Simple
	Inter layer interaction is needed, e.g. between SDAP and PDCP, between PDCP/RLC and MAC.
	Inter layer interaction in UE is needed.


Based on the above comparison, we consider the solution1 could ensure in-order delivery during QoS flow remapping.
Proposal 2: The solution 1 (i.e. the ender marker solution) should be selected to ensure in order delivery for QoS flow remapping/relocation. 
3   Conclusion
Based on the discussions in this paper, we propose the following:

Observation 1: Out of order delivery may have negative impact on upper layer.

Observation 2: Out of order delivery may cause the pingpang of AS reflective mapping.
Proposal 1: The out of order delivery and pingpang caused by QoS flow remapping should be resolved.

Proposal 2: The solution 1 (i.e. the ender marker solution) should be selected to ensure in order delivery for QoS flow remapping/relocation. 
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