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1 Introduction
In NR Rel-15, lossless handover is supported for RLC AM DRBs for DRBs that are kept during the handover, with or without QoS flow remapping. 
In RAN2#103 meeting, QoS flow to DRB remapping during HO for both RLC AM and UM DRBs was clarified with following agreements:
RAN2 confirm that lossless HO with QoS flow remapping is supported for the RLC AM DRBs (with in-sequence delivery, duplication avoidance etc).
RAN2 confirm that HO is supported for RLC UM DRBs with QoS flow remapping, for DRB release and DRB addition/modification (all cases).
RAN2 confirm that For AM DRBs, that lossless HO with QoS flow remapping is supported for the case of DRB addition/modification. Lossless cannot be supported for DRBs that are released at the Handover. 
RAN2 expect no stage-3 UP change to support this.
RAN2 confirm that For DRBs that are released at handover, the end-marker is not sent (no need to specify anything additional in SDAP for this case)
In RAN2#107bis meeting, the question on the impact to SDAP to support QoS flow remapping during DAPS HO was raised. In this contribution, we makes some clarification to support QoS flow remapping during DAPS HO. 
2 Discussion
2.1 QoS flow remapping in normal case
In Rel-15 NR QOS model, RAN/AS will have to map QoS flows to DRBs and the mapping of the QoS flows to a DRB is up to RAN node implementation.  In normal case without HO, QoS flow to DRB remapping will cause out-of-sequence packet delivery, which is harmful for many applications and transport protocols (TCP). End-marker on the old DRB is introduced to avoid the out-of-sequence deliver due to QoS flow to DRB remapping.
From PDCP layer point of view, the end-marker is a normal PDCP SDU, for which a SN will be assigned. For AM DRBs, since in-sequence delivery of the PDCP SDUs to SDAP layer is guaranteed by the PDCP layer, the network considers the new QoS flow mapping rule for the UL packets takes effect when the end-marker on the old DRB is received at the SDAP layer. 
Observation 1: A PDCP SN is assigned to the PDCP PDU carrying the end-marker. The in-sequence delivery of the end-marker can be guaranteed by the PDCP layer. 
2.2 QoS flow remapping in legacy HO
When performing HO, it’s possible that the target gNB has different QoS flow to DRB mapping policy from the source gNB or the target gNB is not able to apply the same mappings rules for the on-going traffics. Therefore, QoS flow to DRB mapping for the UE will be changed when connected to different gNBs. 
Observation 2: Different gNBs may apply different QoS flow to DRB mapping rules for the UE. 
In Rel-15 NR, the lossless HO is supported for RLC AM DRBs for DRBs that are kept during the handover, with or without QoS flow remapping. Lossless HO with QoS follow remapping is supported for the case of DRB addition/modification, but is not supported for the case of DRB release. Furthermore, HO is supported for RLC UM DRBs with QoS flow remapping for DRB release and DRB addition/modification. There is no stage-3 UP change to support the QoS flow remapping during HO for both RLC AM DRBs and UM DRBs. 
Observation 3: QoS flow remapping during HO is supported in Rel-15 NR for both RLC AM DRBs and RLC UM DRBs without any stage-3 UP changes. 
2.3 QoS flow remapping in DAPS HO
A single protocol entity of SDAP is configured for each individual PDU session. Even UE is perform DAPS HO, there is only one SDAP entity per PDU session. 
DL Operation
In DAPS DL transmission/reception operation, the souce gNB and the target gNB preform header compression, ciphering, integrity protection and add PDCP header separately. The UE performs integrity verification, deciphering and header decompression for the DL PDCP SDUs received from the source gNB and the target gNB separately; stores those PDCP SDUs in the common PDCP reception buffer and performs PDCP reordering; and then delivers the PDCP SDUs to upper layers in ascending order. 
Generally, when to apply the new DL QoS flow to DRB mapping rule can be handled by network implementation. However, it should be noted that during DAPS HO the DL PDCP SDUs (SDAP PDUs) forwarded from the source gNB to the target gNB have been processed by the SDAP sublayer of the source gNB, i.e. applying the old QoS flow to DRB mapping rule. The target gNB can apply the new QoS flow to DRB mapping rule only for the DL packets received from 5GCN. 
Taking Figure 1 for example, Flow 1 is mapped to the DRB at the source gNB, while Flow 2 is remapped to the DRB at the target gNB.  Since the PDCP SDUs for Flow 1 had been processed by the SDAP of the source gNB, the old mapping rule is applied for both the PDCP SDUs transmitted by the source gNB itself and the ones forwarded to the target gNB for transmission. The target gNB only applies the new rule for the packets of Flow 2, which are received from 5GCN. The End-marker should be sent by the target gNB. 
Observation 4: During DAPS HO, the DL PDCP SDUs forwarded from the source gNB to the target eNB apply the old QoS flow to DRB mapping rule and the DL packets received from the 5GCN can apply the new mapping rule. The target gNB sends the end-marker to the old DRB. 
From UE aspect, because PDCP layer of the receiver side needs to keep all the received packets in the buffer and can’t deliver them to SDAP layer until all the outstanding packets are successfully received. So in-sequence delivery of the end-marker to SDAP layer at the receiver side can be still be guaranteed. There is no problem to apply the new mapping rule during DAPS HO with current UP operation for DL reception. 
Observation 5: During DAPS HO, in-sequence delivery of the end-marker to SDAP layer for DL reception at the UE side can be guaranteed by PDCP layer. 


Figure 1 Example of QoS flow to DRB remapping during DAPS HO
UL Operation
The same reception operation at the network side can also ensure in-sequence delivery without duplication during DAPS HO for UL packets. For UL, single UL new PUSCH data transmission as baseline and UE switches the UL PDCP data transmission upon successful RACH procedure. Upon UL new data switching. After UL new data transmission switching, UE starts retransmission of packets from the earliest unacknowedged SDU of source cell to the target cell. At the UE side for UL transmission, the new QoS flow remapping rule can be applied immediately regardless of whether the packets applying the old mapping rule are successfully delivered or not. Because PDCP layer of the receiver side at the target gNB needs to keep all the received packets in the buffer and can’t deliver them to SDAP layer until all the outstanding packets are successfully received. So in-sequence delivery of the end-marker to SDAP layer at the receiver side can be still be guaranteed thanks to the retransmission of the PDCP SDUs. 
Taking Figure 2 for UL packet transmission for example, Flow 2 is remapping from DRB2 to DRB1. It is intended that UE can initiate the new mapping immediately after HO. In source gNB, PDCP PDU 1~5 are transmitted by UE and PDCP PDU 1, 3, 5 are successfully received by source gNB. But only PDCP PDU 1 and 3 are acknowledged. So source gNB sends PDCP SDU 1 to UPF and forwards PDCP PDU 3 and 5 of Flow 2 to target gNB.
At the target gNB, Flow 2 is remapped to DRB1. Since PDCP PDU 2, 4, 5 of Flow 2 in DRB2 have not been ACKed by network, so UE needs to retransmit them. Since the new remapping rule is applied, UE transmits the end-marker, which is carried by PDCP PDU 6 over the old DRB, i.e. DRB2.  At the target gNB, retransmission of PDCP PDU 2, 4 will be performed based on the status report. Although the end-marker in PDCP PDU6 may be arrived at the target gNB earlier than the missing packets 2, 4 due to retransmission, it will not be delivered to the SDAP layer until PDCP PDU 2, 4 are successfully received. 


Figure 2 Example of DAPS HO with QoS flow to DRB remapping (UL)
For the UL packets, lossless HO with QoS flow remapping can be handled by the network side. There is nothing needs to be specified in UP specifications. 
Observation 6: For UL packets, the end-marker is transmitted to the target gNB, which is kept by the PDCP entity of the old DRB until all missing PDCP SDUs are successfully received.  Then all buffered PDCP SDUs of the old DRB including the end-marker are delivered to the SDAP layer. 
In current 38.300, a note explains how to guarantee lossless delivery when a QoS flow is mapped to a different DRB at handover. It requires the old DRB to be configured in the target cell. For in-order delivery in the DL, the target gNB should first transmit the forwarded PDCP SDUs on the old DRB before transmitting new data from 5GCN on the new DRB. In the UL, the target gNB should not deliver data of the QoS flow from the new DRB to 5GCN before receiving the end marker on the old DRB from the UE. The same principle can be applied to DAPS HO.
Proposal 1: QoS flow remapping during DAPS HO is supported. 
Proposal 2: For DAPS HO, the same principle as the legacy HO (note in 38.300) is applied, i.e. for DL, the target gNB should first transmit the forwarded PDCP SDUs on the old DRB before transmitting new data from 5GCN on the new DRB. For UL, the target gNB should not deliver data of the QoS flow from the new DRB to 5GCN before receiving the end marker on the old DRB from the UE. 
In normal HO that UE applies the SDAP-config immediately upon reception of the HO command and sends the end-marker on the old DRB to the target gNB when apply the new Qos flow to DRB mapping rule. In DAPS HO, UE keeps UL data transmission to the source cell for a while until UL new data is switched. So UE uses the old mapping rule for data transmission towards the source cell before UL new data switching and applies the new mapping rule after UL new data switching. 
Proposal 3: Specify in 37.324 that UE applies the new mapping rule and sends the end-marker after UL data switching. 
3 Conclusion
In this contribution, we discuss QoS flow remapping during DAPS HO. 
Based on the observations:
Observation 1: A PDCP SN is assigned to the PDCP PDU carrying the end-marker. The in-sequence delivery of the end-marker can be guaranteed by the PDCP layer. 
Observation 2: Different gNBs may apply different QoS flow to DRB mapping rules for the UE. 
Observation 3: QoS flow remapping during HO is supported in Rel-15 NR for both RLC AM DRBs and RLC UM DRBs without any stage-3 UP changes. 
Observation 4: During DAPS HO, the DL PDCP SDUs forwarded from the source gNB to the target eNB apply the old QoS flow to DRB mapping rule and the DL packets received from the 5GCN can apply the new mapping rule. The target gNB sends the end-marker to the old DRB. 
Observation 5: During DAPS HO, in-sequence delivery of the end-marker to SDAP layer for DL reception at the UE side can be guaranteed by PDCP layer. 
Observation 6: For UL packets, the end-marker is transmitted to the target gNB, which is kept by the PDCP entity of the old DRB until all missing PDCP SDUs are successfully received.  Then all buffered PDCP SDUs of the old DRB including the end-marker are delivered to the SDAP layer. 
We propose:
Proposal 1: QoS flow remapping during DAPS HO is supported. 
Proposal 2: For DAPS HO, the same principle as the legacy HO (note in 38.300) is applied, i.e. for DL, the target gNB should first transmit the forwarded PDCP SDUs on the old DRB before transmitting new data from 5GCN on the new DRB. For UL, the target gNB should not deliver data of the QoS flow from the new DRB to 5GCN before receiving the end marker on the old DRB from the UE. 
Proposal 3: Specify in 37.324 that UE applies the new mapping rule and sends the end-marker after UL data switching. 
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