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1   Introduction
In meeting, the lossless handover was discussed and it was agreed that [1] 

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

In this contribution, some further analysis on data forwarding and handover procedure with or without QoS flow to DRB mapping change will be provided.
2   Discussion
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. The lossless of handover in LTE is guaranteed via the data forwarding mechanism.
2.2 Support of lossless HO without QoS flow remapping

In NR, the QoS flow concept 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 PDCP SDUs coming from the QoS flows mapped to one DRB can be regarded as the PDCP SDUs of E-RAB in LTE, in the same way, the data forwarding mechanism in LTE can be reused in NR to guarantee the lossless of HO. Consequently, the buffered PDCP SDUs can be forwarded to target gNB per DRB level. The PDCP-SN status needed to be sent to target gNB also to keep the continuity of PDCP SN to guarantee the lossless HO.
During the handover the SDAP entity should buffer the fresh packets from NGC also as same as the PDCP entity buffers the PDCP SDUs, it is unnecessary for SDAP to continue to route the fresh packets to PDCP layer because these fresh packets will be forwarded to target gNB at last. So during the handover preparation, the SADP entity should also froze the transmission to lower layer. For the buffered data in SDAP entity which have not been assigned PDCP SN can be forwarded to target gNB per SDAP level. The SDAP entities in target gNB will route the forwarding data to DRBs based on the QoS flow to DRB mapping of target gNB which is same to the mapping in source gNB.
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Figure 1 two level data forwarding during HO
Proposal 1: The buffered PDCP SDUs in the source gNB can be forwarded to the target gNB per DRB level.
Proposal 2: The buffered data in SDAP entity of the source gNB can be forwarded to the target gNB per session level.
2.2 Support of lossless HO with QoS flow remapping

For the handover with QoS flow remapping, the DRB in source gNB and DRB in target DRB may contain different QoS flows.  
We define the DRB which continues to transmit the packets from the DRB of source gNB as the old DRB (like the DRB in target eNB in LTE handover) of the DRB in source gNB. The old DRB in target gNB is used to transmit the unacknowledged SDUs via continuing the transmitting status for a time. We define the new DRB which applies the QoS flow to DRB mapping in target gNB as the new DRB to transmit the fresh packets.

· The data forwarding between the source gNB and target gNB:

The data forwarding packets include the packets assigned to DRB and the packets not assigned to DRB, e.g. data in PDCP buffer and data in SDAP buffer. The data in PDCP buffer can be forwarded to old DRB in target gNB per DRB level. The data buffered in SDAP entity can be forwarded to corresponding SDAP entity of target gNB per SDAP level. The same data forwarding levels applied in handover without QoS flow remapping can be reused in this scenario.

Observation1: The same data forwarding levels are used for both without QoS flow remapping and with QoS flow remapping.
· Packets transmission in target gNB:
· PDCP SDUs with SN: The PDCP SDUs with SN should be transmitted in the old DRB which has received the corresponding PDCP SN Status. E.g., as depicted in Figure2, the DRB1 in target gNB is the old DRB of DRB1 in source gNB. The PDCP SDUs with SN in DRB which are come from QoS flow1 and QoS flow 2 will be transmitted in the DRB1 in target gNB. This is similar to data forwarding in LTE which is per DRB level.

· SDAP SDUs: The SDAP SDUs have not been delivered to PDCP layer yet. The SDAP entity in target gNB can route these packets to the new DRBs according to the QoS flow to DRB mapping in target gNB. E.g. the packets of QoS flow2 will be routed to DRB2. The DRB2 is a new DRB in target gNB. 
The SDAP entity will further route the new data from NGC to DRBs based on the QoS flow to DRB mapping in target gNB.
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Figure 2 Enhanced data forwarding for flow remapping in DL
Observation2: The SDAP entities in target gNB will route the forwarding SDAP SDUs and new data from NGC to DRBs based on the QoS flow to DRB mapping of target gNB.
Proposal 3: In order to guarantee lossless HO while with QoS flow remapping, those forwarded PDCP SDUs could be transmitted over the old DRB, and forwarded SDAP SDUs could be transmitted in the new DRB configured by the target gNB.

2.3 Activation Indication 
During the PDU session establishment, some QoS profiles of QoS flows will be distributed to RAN. Some of the QoS flows may have not been activated till the handover. For the more effective admission control in target gNB, it is necessary for source gNB to inform the target gNB whether one QoS flow is activated or not in the HANDOVER REQUEST message.
Proposal 4:  An activation indication of QoS flow should be contained in HANDOVER REQUEST message.
3   Conclusion
In order to support of lossless HO without QoS flow remapping, we propose:
Proposal 1: The buffered PDCP SDUs in the source gNB can be forwarded to the target gNB per DRB level.
Proposal 2: The buffered data in SDAP entity of the source gNB can be forwarded to the target gNB per session level.
In order to support lossless HO with QoS flow remapping, besides proposal 1 and proposal 2, we propose:

Proposal 3: In order to guarantee lossless HO while with QoS flow remapping, those forwarded PDCP SDUs could be transmitted over the old DRB, and forwarded SDAP SDUs could be transmitted in the new DRB configured by the target gNB.

Regarding the activation status about the QoS flow, we propose:

Proposal 4:  An activation indication of QoS flow should be contained in HANDOVER REQUEST message.
The corresponding text proposal is provided in R3-172171 [2].
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