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1 Introduction

An initial list of TPs for intra NG-RAN Xn and NG based handover were approved to the skeleton of the stage 2 and stage 3 TSs[1][2][3]. There is no specific discussion on how to support inter-system inter-RAT mobility between NR and E-UTRA in RAN3#95bis/RAN3#96/NR Adhoc #2 meetings.  
2 Discussion
In order to interwork with EPC, the UE that supports both 5GC and EPC NAS can operate in single-registration mode or dual-registration mode:

-
In single-registration mode, UE has only one active MM state (either RM state in 5GC or EMM state in EPC) and it is either in 5GC NAS mode or in EPC NAS mode (when connected to 5GC or EPC, respectively). Similarly, the network maintains one state either in the AMF or in the MME. UE maintains a single coordinated registration for 5GC and EPC.
-
In dual-registration mode, UE can handle independent registrations for 5GC and EPC. In this mode, the UE may be registered to 5GC only, EPC only, or to both 5GC and EPC.

When single-registration mode is supported by the UE, inter-system handover is performed for connected-mode mobility from 5GC to EPC or vice versa.
The following signalling flow for the handover from 5GS to EPS was agreed by SA2 [4].
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Figure 4.11.1.1-1: 5GS to EPS handover for single-registration mode with Nx interface
From the signalling flow, it is could be observed that Handover Preparation, Handover Resource allocation, Handover Notify procedures are necessary for inter-system  inter-RAT handover. Naturally, Handover cancellation should be supported as well in order to cancel an ongoing handover preparation or an already prepared handover.
Observation 1: the following NGAP procedures are necessary for inter-system inter-RAT handover:

· Handover Preparation
· Handover Resource Allocation
· Handover Cancellation
· Handover Notification
gNB Status Transfer and AMF Status Transfer procedures were defined for intra NG-RAN NG based handover. The purpose of the gNB Status Transfer procedure and AMF Status Transfer is to enable lossless handover. For S1 handover, the eNB status transfer and MME status transfer messages will inform the UL/DL PDCP SN and HFN, UL PDCP received status to the target node so that seamless session continuity could be supported. Whether the information will be valid and useful across NR and LTE is depending on the design of NR PDCP. E.g. how much differences between NR PDCP and LTE PDCP, whether there is different security mechanism for NR.
Observation 2: Whether gNB Status Transfer and AMF Status Transfer procedures are necessary for inter-system inter-RAT handover is pending to RAN2 and SA3.
The following NG procedures were agreed in the stage 3 TP [3] which are used for intra NG-RAN NG based handover.

Table 8.1-1: Class 1 procedures

	Elementary Procedure
	Initiating Message
	Successful Outcome
	Unsuccessful Outcome

	
	
	Response message
	Response message

	Handover Cancellation
	HANDOVER CANCEL
	HANDOVER CANCEL ACKNOWLEDGE
	

	Handover Preparation
	HANDOVER REQUIRED
	HANDOVER COMMAND
	HANDOVER PREPARATION FAILURE

	Handover Resource Allocation
	HANDOVER REQUEST
	HANDOVER REQUEST ACKNOWLEDGE
	HANDOVER FAILURE


Table 8.1-2: Class 2 procedures

	Elementary Procedure
	Message

	AMF Status Transfer
	AMF STATUS TRANSFER

	gNB Status Transfer
	GNB STATUS TRANSFER

	Handover Notification
	HANDOVER NOTIFY


Take Handover Required message as an example, the mandatory IEs are not avoidable for both intra-NG-RAN handover and inter-system inter-RAT handover. The main differences for intra-system and inter system is the content of the container. The definition of Target ID could be different depending on whether the target node is gNB or eNB. However, this difference already exists even for intra-NG-RAN handover i.e. the target node could be gNB or eNB connects to 5GC. 
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	<reference>
	
	YES
	reject

	AMF UE NGAP ID
	M
	
	<reference>
	
	YES
	reject

	gNB UE NGAP ID
	M
	
	<reference>
	
	YES
	reject

	Cause
	M
	
	<reference>
	
	YES
	ignore

	Target ID
	M
	
	<reference>
	
	YES
	reject

	Source to Target Transparent Container
	M
	
	<reference>
	
	YES
	reject


For Handover Command message, the following main IEs are needed for both intra-NG-RAN handover and inter-system inter-RAT handover. 

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	<reference>
	
	YES
	reject

	AMF UE NGAP ID
	M
	
	<reference>
	
	YES
	reject

	gNB UE NGAP ID
	M
	
	<reference>
	
	YES
	reject

	PDU Sessions Subject to Forwarding List
	
	0..1
	<reference>
	
	YES
	ignore

	>PDU Sessions Subject to Forwarding Item IEs
	
	
	<reference>
	
	EACH
	ignore

	>>PDU Session ID
	M
	
	<reference>
	
	-
	

	Target to Source Transparent Container
	M
	
	<reference>
	
	YES
	reject


For other handover related message including Handover Resource Allocation, Handover Cancellation, Handover Notification, the situation is the same i.e. the mandatory IEs for intra-NG-RAN handover are also necessary for inter-system handover.
Observation 3: The mandatory IEs for intra-NG-RAN handover in Handover Preparation, Handover Resource Allocation,  Handover Cancellation and Handover Notification procedures are also necessary for inter-system handover.
In this case, it is reasonable to define one set of procedures to cover both intra-NG-RAN handover and inter-system handover.
Proposal: It is proposed to define the following procedures to be used for both intra-NG RAN handover and inter-system handover.

· Handover Preparation
· Handover Resource Allocation
· Handover Cancellation
· Handover Notification
3 Conclusion
This contribution discussed how to support inter-system inter-RAT handover for single registration mode UE. Based on the discussion, it is proposed to use the same set of NG procedures in the NR part to cover both intra-system and inter-system handover. For this purpose, a TP is provided in [5].
Observation 1: the following NGAP procedures are necessary for inter-system inter-RAT handover:

· Handover Preparation
· Handover Resource Allocation
· Handover Cancellation
· Handover Notification
Observation 2: Whether gNB Status Transfer and AMF Status Transfer procedures are necessary for inter-system inter-RAT handover is pending to RAN2 and SA3.
Observation 3: The mandatory IEs for intra-NG-RAN handover in Handover Preparation, Handover Resource Allocation,  Handover Cancellation and Handover Notification procedures are also necessary for inter-system handover.
Proposal: It is proposed to define the following procedures to be used for both intra-NG RAN handover and inter-system handover.

· Handover Preparation
· Handover Resource Allocation
· Handover Cancellation
· Handover Notification
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