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1   Introduction

Following section is specified for the support of Inter-RAT Handover between LTE and NR in TR 38.804 [1]:
1)
Support for HO between NR and LTE connected to EPC depends on SA2 decisions and support of NGx with context mapping between NG Core and EPC. If supported, from RAN2 perspective, a “conventional” S1/NG based HO procedure is used where the target RAT receives the UE S1 context information and based on this information configures the UE with a complete RRC message and Full configuration (not delta).
NOTE:
RAN2 does not consider direct RAN interface between eNB connected to EPC and NR.  This does not preclude indirect data forwarding over S1-NG-C being considered by other WGs without any RAN2 impact.
2)
Both Xn and CN HO between LTE connected to NG Core and NR is supported by RAN2 specifications.  The target RAT receives the UE NG-C context information and based on this information configures the UE with a complete RRC message and Full configuration (not delta).  Whether the HO is over Xn or CN is transparent to the UE.
3)
The in-sequence and lossless HO as described in sub-clause 10.1.2 is supported the handover between RAN nodes (eNB and gNB) connected to NG Core. Details are FFS.
4)
Source RAT should be able to support and configure Target RAT measurement and reporting for inter-RAT HO.
In this paper, we discuss some of the requirements related to support inter-RAT handover between LTE and NR. 

2   Discussion
It was agreed in NR SI that lossless HO between LTE-connected-to-NGC and NR (intra-system inter-RAT HO) is supported, however details of the same was left open. While, handover between LTE-connected-to-EPC and NR (inter-system inter-RAT HO) was assumed based on at least full reconfiguration option. It is not clear whether lossless handover is also suported for the case of inter-system inter-RAT HO.

Inter-System Inter-RAT Handover
Supporting lossless inter-system HO would require indirect data forwarding of attempted PDCP packets along with PDCP SN information between NG-C and EPC, which brings additional level of difficulty for inter-system coordination. Also, given the fact that QoS flow to DRB mapping is mainly controlled by RAN in NG-C while CN is responsible in LTE for bearer management, it is difficult to ensure that similar packet treatment and mapping would be guaranteed between the two systems. Hence, to reduce the complexity, it is preferable to only consider HO without lossless guarantee for inter-system HO.
Proposal 1: RAN2 to confirm that lossless handover is not supported between LTE-connected-to-EPC and NR
Proposal 2: Handover between LTE-connected-to-EPC and NR follows the LTE Rel-14 inter-RAT handover procedure
Intra-System Inter-RAT Handover
In order to support lossless intra-system inter-RAT handover, it is essential to define conditions (e.g. RLC operation mode, PDCP and QoS restrictions) where intra-system lossless HO can be guaranteed. 

Regarding RLC mode of operation, it is natural to also follow the LTE baseline that lossless handover can be supported only for the bearers which are configured with RLC-AM. Extending the same to other RLC modes would unnecessarily complicate the RLC and PDCP procedures.

Supporting PDCP operations for lossless handover is slightly more complex. We can identify two scenarios for inter-RAT handover:

1) Handover which involves change of PDCP version from LTE PDCP to/from NR PDCP 

2) Handover for which there is no PDCP version change (i.e. LTE and NR nodes both configure NR PDCP)

Supporting lossless handover for the first case involves PDCP state variables mapping between LTE PDCP and NR PDCP. However, since LTE connected 5G Core can only configure NR PDCP for DRBs, this scenario may no longer be applicable in order to support lossless inter-RAT HO.
Observation 1 Lossless Inter-RAT handover with PDCP version change between LTE PDCP to/from NR PDCP is not required to be supported, as LTE node connected to 5G core always configures NR PDCP for DRBs
Final discussion is regarding QoS flow mapping restrictions to support lossless handover. When QoS flow mapping to DRB is maintained from source cell to target cell, then it is quite simpler to guarantee lossless and in-sequence packet delivery per DRB, as there is no mismatch in the PDCP SNs allotment between source and target. However, the same cannot be guaranteed when QoS flow to DRB mapping is different in target cell as compared to source cell. Supporting lossless and in-sequence packet delivery in that case would require quite complex cross-layer procedures which are not suitable for standardization. The detailed analysis for the same is provided in [2].

Proposal 3: Lossless handover between LTE-connected-to-NGC and NR is supported only for the bearers for which
- RLC AM is configured
- PDCP SN size used in target cell is equal to or larger than PDCP SN size used in source cell
- QoS flow mapping per DRB used in source cell is maintained in target cell
3   Conclusion
Following observations and proposals are made in this paper:
Observation 1
Lossless Inter-RAT handover with PDCP version change between LTE PDCP to/from NR PDCP is not required to be supported, as LTE node connected to 5G core always configures NR PDCP for DRBs
Proposal 1:
RAN2 to confirm that lossless handover is not supported between LTE-connected-to-EPC and NR
Proposal 2:
Handover between LTE-connected-to-EPC and NR follows the LTE Rel-14 inter-RAT handover procedure
Proposal 3:
Lossless handover between LTE-connected-to-NGC and NR is supported only for the bearers for which
- RLC AM is configured
- PDCP SN size used in target cell is equal to or larger than PDCP SN size used in source cell
- QoS flow mapping per DRB used in source cell is maintained in target cell
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