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1   Introduction
In the last RAN2# 97bis meeting, the Lossless during intra-NR Handover was discussed [1]. In this contribution, some further analysis on the handover procedure with QoS flow to DRB mapping change will be provided.
2   Discussion

2.1 Background
Agreements on Lossless HO in RAN2# 97bis:

Agreements

1.
For intra NR mobility, when “Lossless HO”, that is lossless, in sequence without duplication to upper layers, can be accomplished by the target using the same DRB configuration and QoS flow to DRB mapping as the source. 

FFS Whether anything more is needed in Rel-15 to support flow remapping at handover. Will be concluded after flow remapping not at handover is concluded.
2.
HO with full configuration shall be supported

2.2 Scenario and Requirement
In NR, the flow based QoS is introduced. RAN2 has reached an agreement that the DRB is kept in RAN and RAN determines the mapping relationship between the QoS flow and DRB. It is possible that the QoS flow to DRB mapping relationships in source cell may be different to the mapping relationships in target cell because target gNB may determine the flow to DRB mapping based on its RRM policy and network status. It is unreasonable to limit the target gNB to apply the same QoS flow to DRB mapping relationship used in source gNB, i.e. the target gNB should have the flexibility to determine the QoS flow to DRB mapping regardless of the mapping in source gNB. 
In LTE, the admission control during handover preparation in target eNB is performed per E-RAB. The E-RAB is the QoS level determined by EPC. In NR, the QoS level is QoS flow determined by NGC and RAN determines the QoS flow to DRB. It is reasonable that the admission control in target gNB during the handover preparation is performed per QoS flows like per E-RAB in LTE. Similar with LTE, the partial handover in which the target gNB did not admit all QoS flows included in the HANDOVER REQUEST may be supported in NR also. E.g. the target gNB may only admit part of QoS flows in the UE context. Furthermore, source and target gNBs may support different numbers of dedicated DRBs. The QoS flow to DRB mapping relationship will change due to the change of number of QoS flows or DRBs. Consequently, the QoS flow to DRB mapping relationship in target gNB will be different to that in source gNB. 
Proposal 1: QoS flow to DRB re-mapping in target gNB should be allowed during handover procedure.
The lossless HO, that is, lossless, in sequence without duplication to upper layers should be supported for intra NR [1]. For the handover with QoS flow remapping, for QoS flows admitted in target gNB, lossless HO should also be supported in NR to guarantee the performance of service.
Proposal 2: The lossless of HO should be supported for the handover with QoS flow remapping.
The QoS flow remapping during HO is depicted in Figure1. E.g., the flow3 is mapped to DRB2 in source cell and remapped to DRB1 in target cell instead due to policy of target gNB.
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      Figure1: QoS flow to DRB mapping change during HO
2.3 Lossless HO in NR  
· Control Plane
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Figure 2: Handover Preparation, successful operation  
As the Figure2 depicted, the source gNB initiates the handover preparation procedure by sending the HANDOVER REQUEST message to the target gNB to request the radio resource allocation. The target gNB should perform the access control dependent on the received QoS information contained in the HANDOVER REQUEST message. The QoS profiles of QoS flows are contained in HANDOVER REQUEST message for the radio resource preparation in the target gNB. During the PDU session establishment, pre-authorised QoS profiles will be distributed to RAN. Some of the QoS flows with pre-authorised QoS profile may have not been activated till the handover. Whether the QoS flow is activated should be informed to target gNB for the more effective admission control.
Proposal 3: Whether the QoS flow is activated should be contained in HANDOVER REQUEST message for admission control in target gNB.
A simple way to indicate an active QoS flow is that the QoS flow which has been configured the QoS flow to DRB mapping relationship can be regarded as activated. Then the mapping information in HANDOVER REQUEST message will indicate the activation of QoS flows. The target gNB can perform the admission control based on the QoS profiles of QoS flows and the mapping information of QoS flows to DRB received in HANDOVER REQUEST message.
Proposal 4: The existence of QoS flow in mapping information in HANDOVER REQUEST can be used to indicate the activation of QoS flows.
· User Plane

The data forwarding mechanism is used to support the lossless of E-RAB in LTE handover procedure. In this section, some analysis about the data forwarding in LTE will be provided and an enhanced new mechanism will be proposed for the lossless HO in NR.
· Data forwarding in LTE
In LTE, for RLC-AM E-RABs, the source eNB will forward all downlink PDCP SDUs with their SN that have not been acknowledged by the UE to target eNB and forward the uplink PDCP SDUs received out of sequence to target eNB if the source eNB has accepted the uplink forwarding request from the target eNB during the Handover Preparation procedure. The target eNB re-transmits all downlink PDCP SDUs forwarded by the source eNB with the exception of PDCP SDUs of which the reception was acknowledged through PDCP SN based reporting by the UE. The UE re-transmits in the target eNB all uplink PDCP SDUs starting from the first PDCP SDU following the last consecutively confirmed PDCP SDU or based on PDCP status report from target eNB.
· Data forwarding in NR
Case1: HO without QoS flow remapping
In NR, the QoS flow is introduced and RAN determines the mapping of QoS flow to DRB. If the QoS flow to DRB mapping is not changed during the handover, the DRB in source gNB and the corresponding DRB in target gNB serves same QoS flows. The group of QoS flows mapped to one DRB can be regarded as an EPS bearer in EPS. Consequently, the data forwarding mechanism in LTE can be reused in NR to guarantee the lossless.
Observation 1: The data forwarding mechanism in LTE can be reused in NR to guarantee the lossless of handover without QoS flow remapping.
Case2: HO with QoS flow remapping
 For the handover with QoS flow remapping, the DRB in source gNB and the corresponding DRB in target DRB may contain different QoS flows.  As the example in Figure1, QoS flow1 and QoS flow2 are mapped to DRB1 in source gNB while the QoS flow1 and QoS flow3 are mapped to DRB1in target gNB. The PDCP SN is assigned for the packets from QoS flow1and QoS flow2 in the PDCP entity of DRB1 in source gNB, and the PDCP SN will be assigned for the packets from QoS flow1and QoS flow3 in the PDCP entity of DRB1 in target gNB. If the data forwarding mechanism in LTE is introduced to guarantee the lossless for this case, some issues will occur, e.g., how to forward the packets of QoS flow2 in source gNB? The packets should be forwarded to DRB1 or DRB2 of target gNB? How to keep the continuity of PDCP SN when the DRB serves different QoS flows? Some enhancements for the data forwarding mechanism in LTE is necessary.
Observation 2: The data forwarding mechanism in LTE needs to be enhanced to guarantee the lossless of handover with QoS flow remapping in NR.
Proposal 5: The data forwarding mechanism needs to be enhanced to guarantee the lossless of handover with QoS flow remapping in NR.
3   Conclusion
Based on the discussion in this paper, we propose the following:

Proposal 1: QoS flow to DRB re-mapping in target gNB should be allowed during handover procedure.
Proposal 2: The lossless of HO should be supported for the handover with QoS flow remapping.
Proposal 3: Whether the QoS flow is activated should be contained in HANDOVER REQUEST message for admission control in target gNB.
Proposal 4: The existence of QoS flow in mapping information in HANDOVER REQUEST can be used to indicate the activation of QoS flows.
Proposal 5: The data forwarding mechanism needs to be enhanced to guarantee the lossless of handover with QoS flow remapping in NR.
The corresponding text proposal is provided in R3-171811.
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