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Introduction
It has been agreed that NR should support handover to/from E-UTRA (connected to EPC) and NG-RAN E-UTRA (connected to 5GC). This contribution discusses the main principles for inter-RAT mobility from NR to E-UTRA, for both inter-system (the source and target nodes are connected to different CNs) and intra-system (the source and target nodes are connected to the same CN) cases.
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Figure 1: Mobility from NR, successful


Figure 2: Mobility from NR, failure
For inter-RAT handover, the mobility from NR should follow the same principle as the inter-RAT mobility from E-UTRA, where an RRC message from the target RAT is tunneled by the source RAT. Thus, the source gNB will send e.g. a MobilityFromNRCommand message to the UE, containing an RRCConnectionReconfiguration message as seen in Figure 1. Compared to UE procedures for MobilityFromEUTRACommand message in E-UTRA, procedures for NR message MobilityFromNRCommand can be considerably simplified since only support for E-UTRA is agreed. 
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This tunneling structure permits the handling of the MobilityFromNRCommand message in the same way for both intra-system and inter-system handovers, since the differences in E-UTRA configuration can be captured in RRCConnectionReconfiguration message.
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Handover to E-UTRA (36.331)


Figure 5.4.2.1-1: Handover to E-UTRA, successful
For inter-system inter-RAT handover from NR to E-UTRA, the connection will need to be reset and a full configuration is required. Thus, it can be modeled similar to legacy inter-RAT handover, where the RRCConnectionReconfiguration message is delivered to the UE via another RAT, in this case, NR. 
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On the other hand, for intra-system handover to E-UTRA, the requirements on the handover are more stringent, requiring lossless in-sequence delivery of the data packets. To achieve this, the PDCP and SDAP states need to be maintained which precludes full RRC reconfiguration.
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To perform intra-system handover from NR to NG-RAN E-UTRA, the NR PDCP and SDAP layers need to be re-established in the ng-eNB while using E-UTRAN lower layers. 
For EN-DC, configurations to operate NR PDCP with E-UTRA lower layers, or E-UTRA PDCP with NR lower layers were introduced in the RRCConnectionReconfiguration message:
RRCConnectionReconfiguration-v15x0-IEs ::= SEQUENCE {
	nr-Config-r15					CHOICE {
		release							NULL,
		setup							SEQUENCE {
			endc-ReleaseAndAdd-r15	BOOLEAN,
			nr-SecondaryCellGroupConfig-r15	OCTET STRING				OPTIONAL,	-- Need ON
			p-MaxEUTRA-r15					P-Max						OPTIONAL	-- Need ON
		}
	}																	OPTIONAL,	-- Need ON
	sk-Counter-r15					INTEGER (0.. 65535)					OPTIONAL,	-- Need ON
	nr-RadioBearerConfig1-r15		OCTET STRING						OPTIONAL,	-- Need ON
	nr-RadioBearerConfig2-r15		OCTET STRING						OPTIONAL,	-- Need ON
	tdm-PatternSingleTx-r15			CHOICE {
		release							NULL,
		setup							SEQUENCE {
			subframeAssignment-r15			SubframeAssignment-r15,
			harq-Offset-r15					INTEGER (0.. 9)
		}
	}																	OPTIONAL,	-- Need ON
	nonCriticalExtension			SEQUENCE {}							OPTIONAL
}

Since the nr-RadioBearerConfig can contain all required parameters needed to configure E-UTRA to connect to 5GC with LTE lower layers as defined in TS 38.331 [1], NR bearers can be re-established in NG-RAN E-UTRA using the content of nr-Config.
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Another aspect which needs to be considered is the handling of security keys during inter-RAT handover. Although the security procedures for standalone NR handover require further progress, the security procedures for intra-system handover to NG-RAN E-UTRA should be aligned with standalone NR and be specified in TS 38.331. For inter-system handover to E-UTRA, the core network changes and the procedure should be treated as a legacy inter-RAT handover to E-UTRA, i.e. derive a new security key based on NAS parameters. 
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Conclusion
Based on the discussion in section 2 we propose the following:
Proposal 1	Inter-RAT mobility from NR should follow the same principle as mobility from E-UTRA, by tunneling an RRC message from the target RAT through the source RAT.
Proposal 2	Mobility from NR adopts a single procedure for both inter-system and intra-system inter-RAT handover.
Proposal 3	For inter-system inter-RAT handover from NR to E-UTRA, the UE is configured via the RRCConnectionReconfiguration message (full configuration) carried by NR, as in legacy inter-RAT handover procedure.
Proposal 4	For intra-system inter-RAT handover between NR and NG-RAN E-UTRA, it should be possible to not use a full RRC configuration.
Proposal 5	For inter-RAT HO from NR to NG-RAN E-UTRA, configuration of the NR parameters for NG-RAN E-UTRA is performed based on parameters specified in RadioBearerConfig (TS 38.331) delivered through RRCConnectionReconfiguration.
Proposal 6	Security procedures and parameters for intra-system handover to NG-RAN E-UTRA should be specified in TS 38.331.
Proposal 7	Security procedures for inter-system handover to E-UTRA should follow legacy inter-RAT handover procedures i.e. be configured with 36.331 SecurityConfigHO.
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