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1 Introduction
In RAN2#AH-1801, it was agreed that in-order delivery should be ensured during QoS flow re-mapping, but the mechanism(s) to be used is still not decided. In this paper, we provide our views and propose a solution.
2 Discussion
Although RAN2 has agreed to ensure in-order delivery during flow remapping, it is not clear whether the agreement should be applied to DRBs mapped to both RLC AM and RLC UM. In our view, UM DRBs are normally used for real time applications (e.g., voice), and these applications are normally resilient to occasional packet loss and packet re-ordering. Introducing additional mechanisms to ensure in-order (and/or lossless) delivery for UM DRBs is not really needed and may potentially also increase latency. Therefore, we propose that SDAP procedures to ensure in-order delivery during QoS flow remapping are only used for services mapped to AM DRBs.  
Proposal 1: SDAP procedures to ensure in-order delivery during QoS flow remapping are only used for AM DRBs.
Although in-order delivery is required for AM DRBs, it does not mean that latency is not important. On the contrary, we think a mechanism that introduces minimal delay while ensuring in-order delivery should be standardized. For the DL, there is no spare bit left in the SDAP header (2 bits for RQI + 6 bits for QFI) for additional enhancement to support in-order delivery.
Proposal 2: For the DL, no additional enhancement to support in-order delivery is possible due to lack of spare bits in the SDAP (DL) header. Ensuring in-order delivery needs to left to gNB implementation.
For the UL, we suggest the solution of sending an end marker, if possible, on the “old” DRB; and, if needed, sending a start marker on the “new” DRB to minimize unnecessary delay. The details of this procedure is described below.
When QoS flow remapping occurs, the SDAP transmitter adds an “end-marker” to indicate the end of packet flow in the old DRB. The SDAP receiver then knows the flow is going to end in this DRB by seeing the “end-marker”. If the SDAP receiver subsequently receives packets of same flow in the new DRB, it can pass the data to upper layer without any extra delay. 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.
In addition, when there is no packet to add the “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 immediately forward 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.
Proposal 3: For the UL, use end/start marker based solution to support in-order QoS flow remapping.
Note that the SDAP transmitter uses either “start-marker” or “end-marker” depending on the transmission status, and the SDAP receiver sees either one of “start-marker” or “end-marker” when QoS flow remapping takes place. This allows “start-marker” and “end-marker” to be merged into a single bit in UL SDAP header. 
Proposal 3a: An end/start marker bit is defined in the UL SDAP header to support in-order QoS flow remapping.
If Proposal 1 is agreed, there is no need to consider the case when packets containing end/start markers are lost. So we think there is no need to introduce any other mechanism such as a reorder timer in SDAP layer.
[bookmark: _GoBack]Proposal 4: There is no need to introduce additional mechanism beyond end/start markers to support in-order QoS flow remapping.
3 Conclusions
In this paper, we made the following observations and proposals: 
Proposal 1: SDAP procedures to ensure in-order delivery during QoS flow remapping are only used for AM DRBs.
Proposal 2: For the DL, no additional enhancement to support in-order delivery is possible due to lack of spare bits in the SDAP (DL) header. Ensuring in-order delivery needs to left to gNB implementation.
Proposal 3: For the UL, use end/start marker based solution to support in-order QoS flow remapping.
Proposal 3a: An end/start marker bit is defined in the UL SDAP header to support in-order QoS flow remapping.
Proposal 4: There is no need to introduce additional mechanism beyond end/start markers to support in-order QoS flow remapping.
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