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Introduction
RAN2 discussed the lossless intra-NR handover (HO) and reached the following agreement:
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
RAN3 discussed the lossless intra-system HO and reached the following agreement: 
Agreements:
1     The LTE lossless intra-RAT handover procedures over the S1/X2 interfaces should be used as a basis for designing the lossless intra-system handover procedure for NR and LTE-5G-CN over the NG/Xn interfaces.
Considering these agreements, in this contribution we further discuss the lossless intra-system HO and the data forwarding mechanism over the Xn interface. 
Discussion
The lossless intra-system HO, that is lossless, in-sequence and without duplication to upper layers, has been discussed in previous meetings both in RAN2 and RAN3. It was observed that the re-mapping of a QoS-flow to a different DRB during HO may cause out-of-sequence packet delivery. To address this problem different solutions have been proposed. One possible solution is to introduce an additional re-ordering function per QoS-flow (above PDCP). However, this seems a rather complex solution which would create unnecessary overhead and potentially have negative impact on the radio performance. Another possible solution is to enhance the PDCP layer with additional functionalities (e.g., enhance the PDCP status report to instruct the PDCP receiver to ignore gaps). However, this also seems a not ideal solution as it will add unnecessary complexity to the NR-PDCP protocol and deviate from LTE-PDCP protocol functionalities. Finally, another possible solution is that the target node uses the same QoS-flows to DRBs mapping for a transition period, where the transition period could correspond to the time required to transmit the packets that have been assigned a PDCP SN in the source node [1]. This seems a more interesting approach. However, there are some drawbacks when looking at the UL scenario and taking into consideration the reflective QoS feature. This is because the target node does not know the UE reflective QoS filters. One could consider that the source node provides the reflective UL QoS mappings to the target node (e.g., in AS-Context). Additionally, the target node when changing the QoS-flows to DRBs mapping should send the new mapping to the UE in the HO command (RRCConnectionReconfiguration). However, we believe this being unnecessarily complex and it would also introduce risk of state mismatch. It appears simpler that the UE maintains a reflective UL QoS mapping as long as the DRB with which it is associated exists, i.e., also during mobility. This implies that the best approach for guaranteeing lossless intra-system HO is that the source and the target nodes use the same QoS-flow to DRB mapping.
[bookmark: _Hlk485638500]Proposal 1	The solution for lossless intra-system HO, that is lossless, in-sequence and without duplication to upper layers is to use the same QoS-flows to DRBs mapping in the source and target nodes
Another issue that has been discussed in RAN3 is how to forward data between source and target node over the Xn initerface. Based on the agreement that was taken in the last RAN3 meeting, the LTE lossless intra-RAT handover procedures over the S1/X2 interfaces should be used as a basis for designing the lossless intra-system handover procedure for NR and LTE-5G-CN over the NG/Xn interfaces. This implies that to ensure lossless intra-system mobility the PDCP-SN status will be transferred from source to target node and that the packets that have already been assigned a PDCP SN in the source should be transmitted to the target on a per-bearer basis, which implies creating one GTP tunnel per each bearer over the Xn interface. On the other hand, a single GTP tunnel per PDU session can be used to transfer the new incoming IP packtes in downlink (DL) direction, i.e., the packets that have not received a SN in the source node. An example of data forwarding over the Xn is provided in Figure 1.
Proposal 2	For data forwarding between soure and target over the Xn: (1) one GTP tunnel per bearer is utilized to transmit the packets that have already been assigned a SN in the source; (2) one GTP tunnel per PDU session is utilized to transmit new incoming IP packets in downlink.
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Figure 1: Example of data forwarding over Xn.
Conclusion
[bookmark: _Hlk485638577]In this contribution we analysed the lossless intra-system handover. Based on our analysis we advanced the following proposals:
[bookmark: _In-sequence_SDU_delivery]Proposal 1	The solution for lossless intra-system HO, that is lossless, in-sequence and without duplication to upper layers is to use the same QoS-flows to DRBs mapping in the source and target nodes.
Proposal 2	For data forwarding between soure and target over the Xn: (1) one GTP tunnel per bearer is utilized to transmit the packets that have already been assigned a SN in the source; (2) one GTP tunnel per PDU session is utilized to transmit new incoming IP packets in downlink.
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To ensure lossless intra-system mobility the PDCP-SN status will be transferred from source to target node and that the packets that have already been assigned a PDCP SN in the source should be transmitted to the target on a per-bearer basis, which implies creating one GTP tunnel per each bearer over the Xn interface. On the other hand, a single GTP tunnel per PDU session can be used to transfer the new incoming IP packtes in downlink (DL) direction, i.e., the packets that have not received a SN in the source node. An example of data forwarding over the Xn is provided in Figure 1.
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Figure 1: Example of data forwarding over Xn.

For data forwarding between soure and target over the Xn:
(1) One GTP tunnel per bearer is utilized to transmit the packets that have already been assigned a SN in the source; 
(2) One GTP tunnel per PDU session is utilized to transmit new incoming IP packets in downlink.
The solution for lossless intra-system HO, i.e. lossless, in-sequence and without duplication to upper layers is to use the same QoS-flows to DRBs mapping in the source and target nodes
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