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1 Introduction
One remaining open issue for SDAP design is whether to ensure in-order delivery during QoS flow remapping. In this paper, we discuss the impact of the problem and propose detailed solutions to resolve the issue.
This revision expands on our views related to in-order delivery, expressed earlier in R2-1710699.
2 Discussion
QoS flow remapping may lead to out-of-order delivery since new DRB may have higher priority leading to shorter latency. The problem of out-of-order delivery can be harmful on system performance. For example in TCP applications, if packets are received out of order, TCP may initiate a retransmission of packets which causes degradation of throughput. To provide a good SDAP framework, RAN2 should not ignore the issue and should provide a solution to ensure in-order delivery during QoS flow remapping.
Proposal 1: RAN2 should provide a solution to ensure in-order delivery during QoS flow remapping.
There are many solution options proposed by different companies. However, there are mainly 2 solutions to guarantee strict in-order delivery in both DL and UL.
Solution #1: Delay in transmitter side
In this solution, the SDAP transmitter ensures that the transmission over new DRB is only started after the last transmission over old DRB is acknowledged. Although this solution has no impact on SDAP header design, delaying the transmission in new DRB may result in longer latency. 
Solution #2: End-marker/Start-marker 
Another approach is that the SDAP transmitter adds an “end-marker” to indicate the end of packet flow in the old DRB. When the SDAP receiver receives the packet with the “end-marker”, it knows that the flow is going to end in this DRB. If the SDAP receiver subsequently receives packets of same flow in the new DRB, it can seamlessly pass the data to upper layer. However, if the SDAP receiver receives packets of the same flow in the new DRB without receiving a packet with “end-marker” in the old DRB, this means that out-of-order delivery has occurred and the SDAP receiver needs to hold the packet for a while to wait for the end-marker. An illustration is shown in figure 1. 
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Figure 1: Use of “End-marker” to indicate the end of flow in old DRB.
Moreover, when there is no packet to add for “end-marker” in the old DRB, the SDAP transmitter shall directly add a “start-marker” to indicate the start of packet flow in the new DRB. Upon receiving the “start-marker” packet in the receiver side, SDAP can directly pass the data to upper layer without waiting. 
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Figure 2: Use of “Start-Marker” to indicate the start of flow in new DRB.
For DL transmission, gNB can dynamically decide which solution to be used depends on its traffic allocation. However, for UL transmission, solution 2 is considered a better approach as the UE doesn’t know when the transmission over old DRB will be ended and solution 2 can guarantee minimal latency introduced by the QoS flow remapping. 
Observation 1: For DL, both approaches of “Delay in transmitter side” and “End marker/Start marker” can be used by the network to ensure in-order delivery during QoS flow remapping.
Observation 2: For UL, only “End-marker/Start-marker” approach can be used by the UE to ensure in-order delivery during QoS flow remapping.
Note that “start-marker” and “end-marker” can be merged into a single bit in SDAP header since the SDAP transmitter shall use either “start-marker” or “end-marker” depending on the transmission status. On the receiver side, the SDAP receiver will also see either one of “start-marker” or “end-marker” when QoS flow remapping is taking place. By adding one new bit in the SDAP header, the mechanism can guarantee the in-order-delivery during QoS flow remapping without performing any packet delay operation.
Figure 1 and Figure 2 show an example of how 1-bit End-marker/Start-marker can be presented in the SDAP header with a 7-bit QFI in DL and UL. 
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Figure 1: Proposed format of DL SDAP header
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[bookmark: _GoBack]Figure 2: Proposed format of UL SDAP header

Proposal 2: One-bit indicator is used in SDAP header for “End-marker/Start-marker” solution.
3 Conclusions
Proposal 1: RAN2 should provide a solution to ensure in-order delivery during QoS flow remapping.
Observation 1: For DL, both approaches of “Delay in transmitter side” and “End marker/Start marker” can be used by the network to ensure in-order delivery during QoS flow remapping.
Observation 2: For UL, only “End-marker/Start-marker” approach can be used by the UE to ensure in-order delivery during QoS flow remapping.
Proposal 2: One-bit indicator is used in SDAP header for “End-marker/Start-marker” solution.
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