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1. Introduction
[bookmark: _Ref178064866]In the work on 5GS, it has been agreed that NG-RAN will consist of both NR gNBs and E-UTRA ng-eNBs connected to 5GC. As these systems will gradually be deployed, there will be cases where a UE need to move between a legacy E-UTRA cell connected to EPC and a NG-RAN E-UTRA cell connected to 5GC. This contribution discusses the main principles for the RRC signaling required to enable this inter-system intra-RAT handover in E-UTRA between EPC and 5GC.
1. Discussion
In LTE, when a UE should perform a handover from one eNB to another, the target eNB prepares a RRCConnectionReconfiguration message which it sends to the source eNB via either S1 or X2. As the source and target cell use the same RAT, it is possible to perform a delta configuration of the UE to only signal the parameters which need to be updated. Similarly, for the security context, the UE can perform a horizontal or vertical key derivation based in the received NextHopChainingCount. On the contrary, for inter-RAT handover from UTRAN/GERAN to E-UTRAN, the UE needs to map the source context to an E-UTRAN context.
The principle for inter-RAT handover is to minimize the impact on the legacy system, while still enable a loss-less handover. This is achieved by the target RAT generating the configurations and transparently transport it through the source RAT to the UE.
[bookmark: _Toc510701023][bookmark: _Toc510701028][bookmark: _Toc510701082][bookmark: _Toc510701087][bookmark: _Toc510701099][bookmark: _Toc510701140][bookmark: _Toc510701187][bookmark: _Toc510729229]Legacy inter-RAT handover is achieved by transparently transporting the target reconfigurations through the source RAT with minimal modification to legacy RAT.
For the handover case of LTE inter-RAT inter-system, it was agreed in RAN2#99bis that [1]:
Agreements:
1	RAN2 understand that the source eNB/ng-eNB decides handover procedure to trigger (e.g. via the same CN type or to the other CN type)
2	UE has to know the target CN type from the handover command during intra-LTE inter-system HO, intra-LTE intra-system HO
FFS: Stage 3 detail whether this is an explicit indication or can be inferred from other information.

During RAN2#101 it was agreed that [2]:
4	Security procedures for inter-system handover to E-UTRA/EPC should follow legacy inter-RAT handover procedures i.e. be configured with 36.331 SecurityConfigHO.
Although this agreement was reached during discussion for inter-RAT handover from NR to E-UTRA/EPC, it is also applicable to inter-system handovers from E-UTRAN/5GC to E-UTRA/EPC, since CN change will imply in different security procedures.

For the UE to distinguish between an intra-system intra-LTE handover and an inter-system intra-LTE handover, the UE need to be instructed to change the CN. Although this could be achieved by extending the RRCConnectionReconfiguration with a new IE indicating this, the most straightforward way would be to reuse the MobilityFromEUTRACommand also for the inter-system intra-LTE handover.
[bookmark: _Toc509836945][bookmark: _Toc510629222][bookmark: _Toc510729225]Inter-system handover between LTE EPC and LTE 5GC should be treated as an inter-RAT handover by using the MobilityFromEUTRACommand
To achieve this, the only change required would be to add eutra as a target RAT in the MobilityFromEUTRACommand and to allow the LTE RRCConnectionReconfiguration to be tunneled in the targetRAT-messageContainer.
[bookmark: _Toc510701025][bookmark: _Toc510701030][bookmark: _Toc510701084][bookmark: _Toc510701089][bookmark: _Toc510701102][bookmark: _Toc510701137][bookmark: _Toc510701184][bookmark: _Toc510729226]MobilityFromEUTRACommand should be changed to include eutra in the targetRAT parameter and to allow the LTE RRCConnectionReconfiguration in the targetRAT-MessageContainer.
For UE handover from E-UTRA/EPC to E-UTRA/5GC or from E‑UTRA/5GC to E‑UTRA/EPC, the UE would receive the MobilityFromEUTRACommand containing the RRCConnectionReconfiguration and the target RAT set as eutra. Since the UE would know if the source RAT was E-UTRA/EPC or E‑UTRA/5GC, the UE would know that it should treat the message as an inter-system intra-LTE handover and apply the received configurations as a full configuration. 
In case the target RAT is E‑UTRA/5GC, the NR PDCP, SDAP and security parameters would be tunnelled inside the RRCConnectionReconfiguration and the UE applies the configurations contained therein, since it was agreed during RAN2#101 that the handling of PDCP/SDAP and security parameters in all intra-5GC handover scenarios should be the same [2] . Further discussion on security parameters for 5GS are performed in [3].
[bookmark: _Toc510701026][bookmark: _Toc510701031][bookmark: _Toc510701085][bookmark: _Toc510701090][bookmark: _Toc510701103][bookmark: _Toc510701138][bookmark: _Toc510701185][bookmark: _Toc510729227]If the UE handover from E-UTRA/EPC to E-UTRA/5GC, the security parameters are included in the nr-Config IE instead of the SecurityConfigHO IE.
If the target RAT is E‑UTRA/EPC, the full configurations would be contained in the RRCConnectionReconfiguration, but the UE would utilize the inter-system configurations in the securityConfigHO IE (i.e. securityAlgorithmConfig and nas-SecurityParamToEUTRA). In this manner, legacy RRC procedures related to security in inter-RAT mobility could be reused without the need for changes.
[bookmark: _Toc510701027][bookmark: _Toc510701032][bookmark: _Toc510701086][bookmark: _Toc510701091][bookmark: _Toc510701104][bookmark: _Toc510701139][bookmark: _Toc510701186][bookmark: _Toc510729228]	If the UE handover from E-UTRA/5GC to E-UTRA/EPC, the security parameters are included in the SecurityConfigHO IE and treated as inter-RAT handover.
1. Conclusion
In section 2 we made the following observations:
Observation 1	Legacy inter-RAT handover is achieved by transparently transporting the target reconfigurations through the source RAT with minimal modification to legacy RAT.

Based on the discussion in section 2 we propose the following:
Proposal 1	Inter-system handover between LTE EPC and LTE 5GC should be treated as an inter-RAT handover by using the MobilityFromEUTRACommand
Proposal 2	MobilityFromEUTRACommand should be changed to include eutra in the targetRAT parameter and to allow the LTE RRCConnectionReconfiguration in the targetRAT-MessageContainer.
Proposal 3	If the UE handover from E-UTRA/EPC to E-UTRA/5GC, the security parameters are included in the nr-Config IE instead of the SecurityConfigHO IE.
Proposal 4	If the UE handover from E-UTRA/5GC to E-UTRA/EPC, the security parameters are included in the SecurityConfigHO IE and treated as inter-RAT handover.
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