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1   Introduction
At last RAN2 meetings, the lossless handover was discussed and the following agreements were made. 
Agreements at RAN2#97bis
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.
Agreements at RAN2#Adhoc
=>
RAN should have an option to perform handover by preserving part of the DRB configuration and QoS flow to DRB mapping complemented by established/removed DRBs with corresponding changes in the QoS flow mapping.
Also QoS flow remapping was agreed as follows:
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.

RAN3 has agreed the data forwarding principles for the lossless handover. The principles are captured in [1]. 

When “lossless handover” is required the source NG-RAN node may include information on DRBs for which PDCP SN status needs to be preserved. The target NG-RAN node may send back to the source NG-RAN node one tunnel address per DRB for which it accepts the forwarding. One tunnel per PDU session may be setup for the forwarding of the new incoming packets of the PDU session. 

In this contribution, we provide further analysis on the handover procedures with QoS flow remapping.
2   Discussion
Based on the above agreements, Rel-15 may perform handover “by established/removed DRBs with corresponding changes in the QoS flow mapping”. This means that Rel-15 seems to support the handover with flow remapping. But how to support the QoS flow remapping remains FFS.

One example is given in Fig. 1, where the DRB in the source gNB and DRB in the target DRB may contain different QoS flows. It can be seen that QoS flow 1 would be mapped to a different DRB in the target gNB.
In order to ensure the lossless handover and in-order delivery during the handover procedure, the DL and UL transmission are depicted respectively.  
· DL Transmission: 
a) The forwarded PDCP SDUs with SN could be transmitted over the DRB with the same DRB configuration and QoS flow to DRB mapping. As depicted in Fig.1, DRB1 of the source gNB and DRB1_1 of the target gNB have the same DRB configuration and QoS flow to DRB mapping.
b) Based on RAN3 agreements, the PDU session level may be established. The forwarded fresh packets could be routed to the new DRBs determined by the target gNB. As depicted in Fig.1, the forwarded SDAP SDUs of QoS flow 1 will be routed to DRB2 in the target gNB. The SDAP entity will further route the new fresh data from NGC to new DRBs determined by the target gNB as well. In order to ensure the in-order delivery, the target gNB need transmit the packet on new DRB until it finished the transmitting packets via old DRB.
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Figure 1 DL Data forwarding for flow 1 at handover with QoS flow remapping 
· UL Transmission: 
a) For all the UL PDCP SDUs with SN that has not been acknowledged at RLC in the source gNB, UE re-transmits in the target gNB all these UL PDCP SDUs via the DRB which has the same DRB configuration and QoS flow to DRB mapping.  E.g., as depicted in Fig.2, UE re-transmits the UL PDCP SDUs with SN of flow 1 via DRB1_1. 
b) After the target gNB configures the new QoS flow to DRB mapping for one QoS flow in Handover message, the UL SDAP entity uses the new UL QoS flow to DRB mapping rule. The UE transmits the fresh SDAP SDUs according to the new QoS flow to DRB mapping. E.g., as depicted in Fig.2, UE transmits new SDAP SDUs of flow 1 over DRB2 after handover. In order to ensure the in-order delivery, the end marker PDU could be transmitted over DRB1_1. 
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Figure 2 UL Data transmitting for flow 1 at handover with QoS flow remapping

Based on the above analysis, for DL, the gNB’s implementation does not need to be specified. But the UE’s handling’s for UL should be captured in the specification. Hence we have the following proposals. 
Proposal 1: Rel-15 should support flow remapping during handover without packet loss or out of order delivery.
Proposal 2: The UE re-transmits all those UL PDCP SDUs not acknowledged via the DRB which has the same DRB configuration and QoS flow to DRB mapping. 
Proposal 3: The UE transmits the fresh SDAP SDUs based on updated QoS flow to DRB mapping.
3   Conclusion
Based on the discussion in this paper, we propose the following:

Proposal 1: Rel-15 should support flow remapping during handover without packet loss or out of order delivery.
Proposal 2: The UE re-transmits all those UL PDCP SDUs not acknowledged via the DRB which has the same DRB configuration and QoS flow to DRB mapping. 
Proposal 3: The UE transmits the fresh SDAP SDUs based on updated QoS flow to DRB mapping.
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