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According to the discussion on the QoS flow remapping (i.e. a QoS flow is moved from one DRB to another), RAN2 achieved the following consensus:
Agreements:
=>	In-order delivery should be ensured during flow re-mapping
=>	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.  
1:	AS configuration includes the QoS flow to DRB mapping configured to the UE via reflective QoS to support lossless handover (mapping configured by RRC signalling already agreed to be provided in AS config).
In this contributions, we discuss the details on how to ensure the uplink in-sequence delivery at QoS flow remapping.

Discussion
1.1. Downlink 
According to the agreement given above, when a QoS flow is changed from a source DRB to a target DRB at handover, the target node knows which QoS flow has changed its DRB. For the AM DRB, the UE can report a PDCP status report to the target node, so as to indicate which packets have been received by the source DRB. The source node forwards PDCP SDUs with their SN that have not been acknowledged by the UE. In order to allow the target node to transmit a packet of a flow to its corresponding DRB, the QoS flow ID is indicated for each PDCP SDU. The details on how to indicate the QoS flow ID will be discussed further in RAN3. 
Observation 1: For both RLC-AM and RLC-UM DRB, the QoS flow ID and the PDCP SN of the DRB will be indicated for each forwarded downlink PDCP SDU via Xn.
For RLC-AM DRB, the target node can know which packets have been received by the UE via the RLC and PDCP status report. Then the target node can initiate the QoS flow packet transmission in the target DRB after completing the transmission of the QoS flow packet in the source DRB.
Observation 2: For RLC-AM DRB, the target node can initiate the QoS flow packet transmission in the target DRB after completing the packet transmission of the QoS flow in the source DRB via the RLC and PDCP status report.
For RLC-UM DRB, all the packets stored in the RLC entity are discarded at the RLC entity re-establishment, all the packets stored in the PDCP entity are delivered to the upper layer at the PDCP entity re-establishment. Then the target node can initiate the QoS flow packet transmission in the target DRB immediately after the re-establishment of the PDCP/RLC of the source DRB.
Observation 3: For RLC-UM DRB, the target node can initiate the QoS flow packet transmission in the target DRB immediately after the re-establishment of the PDCP/RLC of the source DRB.
According to the Observations given above, from RAN2 point of view, there is no extra signaling required via Xn to ensure the in-sequence deliver of the downlink data when the QoS flow is moved from one DRB to another.
Proposal 1: From RAN2 point of view, no extra Xn signaling is required to ensure the in-sequence delivery of the downlink data at QoS flow remapping.

1.2. Uplink
2.2.1 AM
Issue 1: Whether to use a start marker or an end marker?
To ensure the in-sequence delivery at the receiving SDAP entity, we could have the following two options:
· Option 1: A start-marker is sent via the target DRB.
· Option 2: An end-marker is sent via the source DRB.
For Option 1, the “start-marker” is used to indicate that the UE started the packet transmission of a QoS flow in the target DRB. After receiving the “start-marker” from the source DRB, the receiving SDAP entity can start deliver the PDCP PDU (which is received from the target DRB) to the upper layer. However, when the transmitting SDAP entity sends the “start-marker” to the corresponding PDCP entity of the target DRB, the source DRB could still have stored QoS flow packet(s) waiting for transmission/re-transmission. Due to the unbalanced transmission latency between the source DRB and the target DRB, some of the QoS packets could arrive at the source DRB after the receiving SDAP entity receives the “start-marker” at the target DRB. It is difficult for the UE to ensure that no QoS flow packet arrives at the source DRB after the “start-marker” arrives at the target DRB.
For Option 2, the “end-marker” is used to indicate that the UE stopped the packet transmission of a QoS flow in the source DRB. After receiving the “end-marker” from the source DRB, the receiving SDAP entity can start deliver the PDCP PDU (which is received from the target DRB) to the upper layer. As the receiving PDCP entity can ensure the in-sequence delivery of PDCP SDU, the receiving SDAP entity always receives the QoS flow packet from the source DRB before receiving the “end-marker”.
Proposal 2: The transmitting SDAP entity sends an “end-marker” to the source DRB after stopping the packet transmission of a QoS flow in the source DRB.

Issue 2: Whether to use an SDAP control PDU or an indication in the SDAP header to indicate the “end-marker”?
To indicate the “end-marker”, we could have the following options:
· Option 1: An end-marker SDAP Control PDU
· Option 2: An indication in the SDAP header
From our understanding, both options can work. According to the reply LS from SA2 [1], “SA2 has agreed to restrict the maximum number of concurrent QoS flows per PDU Session to 64 accordingly”. Then the uplink SDAP header has two reserved bits. For both Option 1 and Option 2, the QoS flow ID needs to be indicated. For Option 1, one extra bit needs to indicate if the packet is a control PDU or a data PDU, and more control signaling overhead is required for the SDAP control PDU. Thus we slightly prefer Option 2.
Proposal 3: One bit “E” field indicating the end-marker is included in the SDAP header.

Issue 3: How to indicate the end-marker in the SDAP header if there is no data for the source DRB in the transmitting SDAP entity?
According to the discussion on the amount of data buffered in SDAP, companies consider that there could be no stored data at the SDAP. Additionally due to the burst transmission of data, after the QoS flow remapping, the UE could have no data to be submitted to the source DRB. From our understanding, the UE should send the QoS flow packet to the target DRB as soon as possible, so as to ensure more efficient data transmission for the target DRB. And from the UE implementation, the UE should apply the RRC configuration of remapping immediately. This means that the UE shall not send any data to the source DRB after applying the RRC configuration of remapping. Thus the UE should be able to indicate the “end-marker” in the SDAP header with/without the data field.
Proposal 4: The SDAP header indicating the end-marker may/may not include the data field.

2.2.2 UM
The problem for the end-marker transmission via the RLC-UM DRB is that the end-marker could be lost via the Uu interface. According to the LTE PDCP specification, the PDCP also introduced an end-marker control PDU for the RLC-UM DRB [2]. To “ensure the successful transmission of the end-marker PDCP Control PDU”, the UE can use the repeated transmission of the same end-marker PDCP Control PDU. Here we consider that the same principal can be reused also for the SDAP end-marker sent via the RLC-UM DRB.
Proposal 5: For the SDAP end-marker sent via the RLC-UM DRB, the following NOTE is captured in the specification to ensure the end-marker transmission:
· NOTE x: The UE is expected to ensure the successful transmission of the E field which is set to 1 and submitted to the RLC-UM DRB, e.g. by setting the E field to 1 in more than one UL SDAP Data PDU(s).

Conclusion
According to the analysis given above, we have the following observations and proposals. The text proposal for the uplink SDAP header is given in the Annex.
For the downlink data transmission:
Observation 1: For both RLC-AM and RLC-UM DRB, the QoS flow ID and the PDCP SN of the DRB will be indicated for each forwarded downlink PDCP SDU via Xn.
Observation 2: For RLC-AM DRB, the target node can initiate the QoS flow packet transmission in the target DRB after completing the packet transmission of the QoS flow in the source DRB via the RLC and PDCP status report.
Observation 3: For RLC-UM DRB, the target node can initiate the QoS flow packet transmission in the target DRB immediately after the re-establishment of the PDCP/RLC of the source DRB.
Proposal 1: From RAN2 point of view, no extra Xn signaling is required to ensure the in-sequence delivery of the downlink data at QoS flow remapping.

For the uplink data transmission:
Proposal 2: The transmitting SDAP entity sends an “end-marker” to the source DRB after stopping the packet transmission of a QoS flow in the source DRB.
Proposal 3: One bit “E” field indicating the end-marker is included in the SDAP header.
Proposal 4: The SDAP header indicating the end-marker may/may not include the data field.
Proposal 5: For the SDAP end-marker sent via the RLC-UM DRB, the following NOTE is captured in the specification to ensure the end-marker transmission:
· NOTE x: The UE is expected to ensure the successful transmission of the E field which is set to 1 and submitted to the RLC-UM DRB, e.g. by setting the E field to 1 in more than one UL SDAP Data PDU(s).
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Annex
---------------------------------Start of Change------------------------------------------------------------------
[bookmark: _Toc486942268][bookmark: _Toc505891216]6.2.2.x	UL Data PDU with SDAP header
Figure 6.2.2.x – 1 shows the format of SDAP Data PDU of UL with Data field and SDAP header being configured.


Figure 6.2.2.x-1: UL SDAP Data PDU format with Data field and SDAP header
Figure 6.2.2.x – 2 shows the format of SDAP Data PDU of UL without Data field and with SDAP header being configured.


Figure 6.2.2.x-1: UL SDAP Data PDU format without Data field and with SDAP header
---------------------------------Next Change------------------------------------------------------------------
[bookmark: _Toc505891221]6.3.x	E
Length: 1 bit,
The E bit indicates whether the data transmission of the QoS flow as indicated by the QFI field is stopped at the source DRB when the corresponding DRB for the QoS flow is changed. The UL SDAP Data PDU with E bit set to “1” shall only be transmitted via the source DRB.
NOTE x: The UE is expected to ensure the successful transmission of the E field which is set to 1 and submitted to the RLC-UM DRB, e.g. by setting the E field to 1 in more than one UL SDAP Data PDU(s).
Table 6.3.4 - 1: RQI field
	Bit
	Description

	0
	Reserved

	1
	To indicate that the data transmission of the QoS flow as indicated by the QFI field is stopped.
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