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1 Introduction

In last RAN2 meeting, it was agreed that:

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

In this contribution, we try to address the out-of-order delivery issue caused by QoS follow remapping.
2  Discussion 
QoS flow remapping may occur upon the following cases:

1. Remap a UL QoS flow initially sent through default DRB to a more suitable DRB.

2. Remap a QoS flow to a new DRB due to different mapping policy in target gNB during HO.

3. gNB decides that re-arranging of the mapping of QoS flow to DRB is required.

When remapping happens, the old data remaining in the old DRB may arrive later at receiving SDAP than the new data transmitted through new DRB, thus out-of-order happens. If this QoS flow requires in-order-delivery, there should be solution to solve this problem.

Proposal 1: RAN2 to agree to solve the out-of-order delivery issue caused by QoS follow remapping.

RAN2 has agreed that network can configure a DRB (rather than a QoS flow) whether to support out-of-order delivery or not. Whether a QoS flow is subjective to out-of-order delivery depends on the DRB it maps to. Four cases are foreseen:
1. Remap a QoS flow from a DRB configured with out-of-order delivery to a DRB configured with out-of-order delivery. 
2. Remap a QoS flow from a DRB configured with out-of-order delivery to a DRB configured with in-order delivery.

3. Remap a QoS flow from a DRB configured with in-order delivery to a DRB configured with in-order delivery.

4. Remap a QoS flow from a DRB configured with in-order delivery to a DRB configured with out-of-order delivery.

Apparently case 1 & 4 don't require a solution to keep in-order delivery, and case 3 may need to ensure in-order delivery. Case 2 is a little tricky, if we can ensure in-order delivery for this case, it would be much better.
Observation 1: Out of order problem may happen when a QoS flow is mapped from an DRB configured with in-order/out-of-order delivery to an DRB configured with in-order delivery. 
Another thing need to notice is that in-order delivery can be configured to both DRB with AM mode and UM mode, since both of them rely on PDCP to do the reordering. Also, remapping can be applied to both uplink and downlink QoS flow.
Observation 2: Out of order problem caused by remapping can happen to both DRB with AM mode and UM mode.
Observation 3: Out of order problem caused by remapping can happen to both UL QoS flow and DL QoS flow.

Proposal 2: The solution for remapping issue should be able to support AM & UM, UL and DL QoS remapping.
Four solutions are on the table:
1. The transmitter start transmitting data through the new DRB only after the old DRB finishes the transmission: this solution is depicted in [1], and can only be used for AM mode. For UM mode, because there might be missing data (UM mode) in the old DRB, whose data has to be buffered until reordering over or window pushed/pulled forward. As a result, data from new DRB may be delivered earlier to upper layer. A solution provided in [3], where the transmitter sends an end marker after finishing the transmission of the old data, seems to tackle this problem. The transmitter needs to make sure the end marker has safely arrived at the receiver before sending new data. Hence, the solution in [3] suggest the receiver send an ACK when receives the end marker. When receiver receives the end marker, it delivers all the data in the old PDCP to upper layer. The problem of use ACK is that there is no guarantee the ACK itself can be successfully transmitted. In our view, it is difficult to completely solve this problem, what is feasible is to improve the success rate of the delivery of the end marker. A simple solution is that the transmitter side sends multiple of end markers instead of one. To avoid the the receiver endlessly wait for the end marker, a timer in the receiver can be set. In addition, this solution can be applied to both UL and DL.
2. The receiver starts delivering data from the new DRB to the upper layer only after the old DRB finishes the delivery: this solution is also depicted in [1]. In this solution, the receiver buffers data of the QoS flow from both old and new DRB in a temporary buffer. After receiving an end marker sent from the old DRB, the receiver submits the old and then the new data to upper layer of the temporary buffer. This solution is only applicable to UL QoS flow remapping as it requires the receiver to identify the QoS flow. It is also only applicable to AM mode for the same problem described in solution 1.   

3. SDAP reorders data from old and new DRB in a period of time: this solution is depicted in [4]. In this solution, the receiver side SDAP receives data belonging to the QoS flow from the old and new DRB, stores them in a temporary buffer, and a timer is set. When the timer expires, SDAP stops receiving data from the old DRB, and delivers all the data in the temporary buffer to the upper layer. Data received from old DRB is delivered first. This solution is only applicable to UL QoS flow remapping as it requires the receiver to identify the QoS flow. This solution also suffers from unnecessary packet loss due to discarding packets from the old DRB.
4. The old DRB forwards data to the new DRB in the transmitter side: this solution is depicted in [5], where the old PDCP transmitter forwards not-yet-RLC-ACKed PDCP PDU to the new PDCP, then SDAP starts to submit data to the new PDCP. For this solution to support UM mode, RLC tells PDCP which packets have not been delivered to MAC, then PDCP forwards those not-yet-RLC-delivered PDCP PDU to the new PDCP. To avoid receiving remaining data from the old DRB (leading to out-of-order delivery), the SDAP receiver needs to discard data of the QoS flow received from the old DRB. However, since it is difficult for the receiver to know exactly when the transmitter starts the forwarding behavior, the SDAP receiver can hardly decide when to start discarding data received from old DRB, especially when UL remapping is configured through user plane UM mode reflective QoS rather than RRC signalling, where it is hardly to know when UE successfully receives a downlink packets sent through the remapped DRB ( due to packet loss), and when to apply the remapping. Also, this solution requires the old DRB to transmit the redundant data left in the PDCP/RLC buffer, otherwise the resulting SN gap will lead to unnecessary reordering delay in the receiver.
A summary of the solutions is given in the table:

	Solution
	supporting AM or UM
	supporting UL or DL QoS flow remapping
	Note

	solution 1
	AM & UM
	UL & DL
	to support UM, multiple end marker may be needed

	solution 2
	AM only
	UL only
	it is difficult to support DL, since it requires UE to identify the QoS flow. However, without QFI in downlink packets, it is impossible for UE to identify flow.

	solution 3
	AM & UM
	UL only
	it is difficult to support DL, since it requires UE to identify the QoS flow. However, without QFI in downlink packets, it is impossible for UE to identify flow.

	solution 4
	AM & UM
	UL & DL
	To guarantee in order delivery, this solution requires the receiver to delete old data received from old DRB, but it is difficult for the receiver to decide when to delete data received from old DRB.


From the above table, we can see that both solution 1 & 4 supports AM & UM mode operation and UL/DL QoS flow remapping. But solution 4 may be problematic to guarantee in order delivery. So, we propose to adopt solution 1 with multiple end markers for UM mode:

Proposal 3: RAN2 agrees to adopt the end marker solution.

Proposal 3a: An ACK from the receiver side for the end marker is not needed.
Proposal 3b: For UM mode, RAN2 agree to adopt sending multiple end markers in the transmitter and a timer for the end marker in the receiver side. 

3 Conclusions

Based on the discussion, our proposals are provided as follows:
Proposal 1: RAN2 to agree to solve the out-of-order delivery issue caused by QoS follow remapping.

Proposal 2: The solution for remapping issue should be able to support AM & UM, UL and DL QoS remapping.
Proposal 3: RAN2 agrees to adopt the end marker solution.

Proposal 3a: An ACK from the receiver side for the end marker is not needed.
Proposal 3b: For UM mode, RAN2 agree to adopt sending multiple end markers in the transmitter and a timer for the end marker in the receiver side.
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