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1 Introduction
During the previous 3GPP meeting, the following agreements related to QoS flow remapping were achieved:

Agreements  RAN2#AH1801

1. For DC case, a single SDAP entity is present in the UE for a PDU session

2. When a DRB is released, UE removes all QFI-DRB mappings associated with the DRB.

3. The SDAP header presence of an DRB cannot be changed.  Release and add is required.

Agreements:

=>
For DL it is left up to gNB implementation.  FFS if RAN3 signalling is required.

=>
FFS - We define an end/start marker on UE side and how it is used it is up to gNB implementation.   At least for RLC AM the start/end marker solution is used as a baseline.  

· An uplink end marker, is introduced in the SDAP layer, for QoS flow relocation.

· FFS whether we go for A or B. 

This contribution discusses some remaining issues related with the QoS remapping including the end marker solution and the configure of the SDAP presence during the remapping..
2 Discussion 
2.1 In-order delivery for UL and DL
In NR, the QoS flow may be remapped to another DRB during the handover procedure or the DRB establishment. For example, the source gNB and the target gNB have different QoS flow to DRB mapping policy. Additionally, the packets from a QoS flow map to the default DRB at the beginning of PDU session establishment. Afterwards, the network establishes the corresponding DRB for this QoS flow and the incoming packets should relocate to the corresponding DRB which gives a better treatment. Thus the reordering issue and packet loss will be caused by QoS flow remapping. 
Based on the previous discussion, it has agreed that the in-order delivery can be achieved by gNB implementation for downlink. To avoid the out of order delivery caused by flow remapping, network can perform the remapping at an occasion where the queues are empty. The extra delay comes by postponing the flow remapping.

Observation 1: gNB implementation is achieved by configuring the flow remapping when the queues of source DRB are empty. 
While for uplink, if the start time to transmit through new DRB is not clarified or there is no indication for SDAP entity to deliver the received packets to upper layer, the in-order delivery can’t be guaranteed. 

RAN 2 has agreed the end-marker solution is introduced to resolve the out-of-order delivery issue. The transmitter side will send an end-marker packet or add an end-marker on the last packet that transmitted through the old DRB. The receiver will not deliver the packets received from new DRB to upper layer until the end-marker is received. Thus out of order problem can be resolved. While for the scenario that there is no new data transmitted through the old DRB when the QoS remapping is configured. The end-marker packet cannot be generated without receiving a SDAP SDU from the upper layer. An FFS was left by last meeting to ensure where the end-marker is located to, e.g. in SDAP header of generated a SDAP control PDU without payload. To make the specification simpler, insert the end marker in SDAP header is more acceptable.
Proposal 1: The end-marker is included in the SDAP header.

Proposal 2: The end marker is only added when a flow remapped from one DRB to another and sent through the old DRB.
If multiple flows remap from one DRB to another DRB simultaneously, the end marker will be generated per flow, which means several end-marker packet will arrive the RX side of the old DRB with an ordinal sequence. If there is no buffer in SDAP layer for the new DRB, the receiver may buffer the received packets in the corresponding PDCP entity. While PDCP does not have the knowledge of the QFI, the packets of multiple flow will be buffered until all the multiple end-marker is received. Extra delay will be caused in this case.
proposal 3: A SDAP buffer is maintained to guarantee the in-order delivery when remapping occurs.
2.2 SDAP Header presence during remapping
For each DRB, the configuration of SDAP header presence cannot be changed unless release and reestablish the DRB. In NR, we have agreed a SDAP transparent mode if the QoS flow to DRB is one-to-one mapping. In this mode, an SDAP PDU only consists of a data field and does not consist of any SDAP header.

The QoS flow remapping scenarios can be summarized as below:

1. The QoS flow is remapped from a DRB with SDAP header presence to another DRB with SDAP header presence;
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2. The QoS flow is remapped from a DRB without SDAP header presence to another DRB without SDAP header presence;
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3. The QoS flow is remapped from a DRB with SDAP header presence to a DRB without SDAP header presence;
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4. The QoS flow is remapped from a DRB without SDAP header presence to a DRB with SDAP header presence.
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For scenario 1 and 2, the configuration of SDAP header presence in source DRB is matched with target DRB. The remapping in scenario 1 and 2 will not bring extra SDAP header configuration problem. While in scenario 3, as shown in figure, QoS flow 3 to DRB 2 is one-to-one mapping and DRB2 is configured without SDAP header presence. If QoS flow 2 remapps to DRB 2, there are two flows in total mapping to DRB2, the receiver cannot distingulish the packtes form two flows unless DRB 2 is released and reconfigured with SDAP header presence. 
Observation 2: For the QoS flow that remapps from a DRB with SDAP header presence to a DRB without SDAP header presence, network need release and reconfigure the target DRB with SDAP header presence first.

Proposal 4: QoS flow remapping from a DRB with SDAP header presence to a DRB without SDAP header presence is not supported.
For scenario 4, the QoS flow is remapped from a DRB without SDAP header presence to a DRB with SDAP header presence. For the convenience of differenting the packets from different flows in receiver side, the flow 3 that remapps to DRB 1 need add a SDAP header with QFI.
Proposal 5: For the QoS flow that remaps from a DRB without SDAP header presence to a DRB with SDAP header presence, the configuration of SDAP header presence should follow the target DRB.
3 Conclusions:
Based on the discussion and analysis above, we have the following observations and proposals: 

Observation 1: gNB implementation is achieved by configuring the flow remapping when the queues of source DRB are empty. 
Observation 2: For the QoS flow that remapps from a DRB with SDAP header presence to a DRB without SDAP header presence, network need release and reconfigure the target DRB with SDAP header presence first.
Proposal 1: The end-marker is included in the SDAP header.

Proposal 2: The end marker is only added when a flow remapped from one DRB to another and sent through the old DRB.
proposal 3: A SDAP buffer is maintained to guarantee the in-order delivery when remapping occurs.
Proposal 4: QoS flow remapping from a DRB with SDAP header presence to a DRB without SDAP header presence is not supported.
Proposal 5: For the QoS flow that remaps from a DRB without SDAP header presence to a DRB with SDAP header presence, the configuration of SDAP header presence should follow the target DRB.
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