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1   Introduction
In RAN3 TR 38.801 [1], the intra-system inter-RAT handover with E-UTRA via Xn interface between eLTE eNB and NR gNB was captured as following:
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The call flow of inter-gNB handover derived from LTE X2-handover was also applicable to both eLTE eNB and gNB as depicted in Figure 10.2.1.1.1-1 [1]. In this contribution, we will focus on the handover related procedures covering the handover preparation and handover cancel for LTE-NR handover under NGC, and provide the detailed design of the IEs.
2   Discussion
2.1   Procedures

In this section, LTE X2 handover procedures are used as reference when discuss the LTE-NR handover. Both directions, i.e., from LTE to NR and from NR to LTE via the Xn interface, need to be considered.
2.1.1   Handover Preparation

This procedure is used to establish necessary resources in an eNB for an incoming handover and it uses UE associated signaling.
Successful Operation
The procedure of successful LTE-NR handover preparation operation can be depicted as Figure 1. The source node could be either eLTE eNB or NR gNB. Correspondingly, the target node should be NR gNB or eLTE eNB.
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Figure 1: Handover Preparation, successful operation
The source node initiates the procedure by sending the HANDOVER REQUEST message to the target node. Different from the EPC, there is no longer E-RAB in NGC. Instead, the PDU session consisting of at least one QoS flow shall be established between NGC and New RAN. 

If at least one of the requested flows s admitted to the cell indicated by source node, the target node should be reserve necessary resources, and send HANDOVER REQUEST ACKNOWLEDGE message back to the source node. 
Unsuccessful Operation

The procedure of unsuccessful LTE-NR handover preparation operation can be depicted as Figure 2.
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Figure 2: Handover preparation, unsuccessful operation
If the target eNB does node admit at least one flow, or a failure occurs during the Handover preparation, the target node shall send the HANDOVER PREPARATION FAILURE message to the source node.
If the target node receives a HANDOVER REQUEST message does not include required information to perform handover, the target eNB shall send the HANDOVER PREPARATION FAILURE message to the source node.

Interactions with Handover Cancel procedures:

If there is no response from the target node to the HANDOVER REQUEST message before a timer expires in the source node, the source node should cancel the Handover Preparation procedure towards the target node by initiating the Handover Cancel procedure with the appropriate cause. The source node shall ignore any HANDOVER REQUEST ACKNOWLEDGE or HANDOVER PREPARATION FAILURE message received after the initiation of the Handover Cancel procedure and remove any reference and release any resources related to the concerned X2 UE-associated signalling.
2.1.2   Handover Cancel

The Handover Cancel procedure is used to enable a source node to cancel an ongoing handover preparation or an already prepared handover and it uses UE-associated signalling.
The procedure of successful LTE-NR handover cancel operation can be depicted as Figure 3.
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Figure 3: Handover Cancel, successful operation
The source node initiates the procedure by sending the HANDOVER CANCEL message to the target node. The source node shall indicate the reason for cancelling the handover by means of an appropriate cause value.
At the reception of the HANDOVER CANCEL message, the target node shall remove any reference to, and release any resource previously reserved to the concerned UE context.

Proposal 1: The above handover preparation and handover cancel procedures should be supported for LTE-NR handover under NGC.
2.2   Design of IEs
2.2.1   Handover Request

In LTE, the UE context is delivered from source eNB to target eNB during the HO preparation procedure through HANDOVER REQUEST message as specified in TS 36.423. The related IEs listed in Table 1 should be taken into account when design the IEs for NR-LTE handover preparation procedure.

Table 1: HANDOVER REQUEST message
	Intra LTE
	LTE-NR

	IE/Group Name
	Presence
	Range
	Remarks

	Message Type
	M
	
	(

	Old eNB UE X2AP ID
	M
	
	( (Old node UE XnAP ID)

	Cause
	M
	
	(

	Target Cell ID
	M
	
	(

	GUMMEI
	M
	
	( (NG CP ID)

	UE Context Information
	
	1
	

	>MME UE S1AP ID
	M
	
	( (NG CP UE NGAP ID)

	>UE Security Capabilities
	M
	
	(

	>AS Security Information
	M
	
	(

	>UE Aggregate Maximum Bit Rate
	M
	
	(

	>Subscriber Profile ID for RAT/Frequency priority
	O
	
	

	>E-RABs To Be Setup List
	
	1
	( (to support flow in NGC, this IE should be modified)

	>>E-RABs To Be Setup Item
	
	1 .. <maxnoof Bearers>
	

	>>>E-RAB ID
	M
	
	

	>>>E-RAB Level QoS Parameters
	M
	
	

	>>>DL Forwarding 
	O
	
	

	>>>UL GTP Tunnel Endpoint
	M
	
	

	>>>Bearer Type
	O
	
	

	>RRC Context
	M
	
	( (as agreed in RAN2, LTE and NR RRC should be transparent to each other)

	>Handover Restriction List
	O
	
	

	>Location Reporting Information
	O
	
	

	>Management Based MDT Allowed
	O
	
	

	>Management Based MDT PLMN List
	O
	
	

	UE History Information
	M
	
	(

	Trace Activation
	O
	
	

	SRVCC Operation Possible
	O
	
	

	CSG Membership Status
	O
	
	

	Mobility Information
	O
	
	

	Masked IMEISV
	O
	
	

	UE History Information from the UE
	O
	
	

	Expected UE Behaviour
	O
	
	

	ProSe Authorized
	O
	
	

	UE Context Reference at the SeNB
	O
	
	

	>Global SeNB ID
	M
	
	

	>SeNB UE X2AP ID
	M
	
	

	>SeNB UE X2AP ID Extension
	O
	
	

	Old eNB UE X2AP ID Extension
	O
	
	

	V2X Services Authorized
	O
	
	


In this section, we focus on the mandatory IEs in the Handover Request message. Firstly, the naming of IEs should be reworded to support the new network node name, e.g., the X2AP ID to XnAP ID. Similar changes apply to GUMMEI and MME UE S1AP ID. With regard to the UE security capabilities, i.e., AS Security Information and UE Aggregate Maximum Bit Rate, since both source node and target node are the ones connecting to NGC, the security and QoS mechanism are the same and no change for these IEs.

Furthermore, some mandatory IEs need to be updated to support the new LTE-NR handover. The following IEs are highlighted:

· E-RABs To Be Setup List
In NGC, there is no longer any E-RAB. Instead, the PDU session is established between NGC and New RAN and it consists of at least one QoS flow. Therefore, instead of E-RAB To Be Setup List IE, there should be PDU Session To Be Setup List carried in the HANDOVER REQUEST message. The design of this IE could take the SA2 related agreements of session management and QoS model as baseline. In details, the PDU session information should include PDU session ID, UL TNL information and QoS flow information. As agreed in SA2, the QoS flow (GBR and Non-GBR) information includes:
-
5G QoS Indicator (5QI),
-
Allocation and Retention Priority (ARP).

For GBR QoS flow, the following QoS parameters should be included:

-
Guaranteed Flow Bit Rate (GFBR) - UL and DL;

-
Maximum Flow Bit Rate (MFBR) - UL and DL;

-
Notification control.
In addition, as RAN3 TR states, slicing need to be applied to New RAN including LTE and NR, and the PDU session information should be transferred during the LTE-NR handover under NGC. Therefore, the S-NSSAI for each PDU session should be carried.
Proposal 2: To support NGC flow based QoS management, the PDU Session To Be Setup List IE should be carried in HANDOVER REQUEST message and it least includes the PDU session ID, UL TNL info, QoS flow information and S-NSSAI for each PDU session.
· RRC Context

In LTE DC, the source eNB will inform the target eNB of the UE RRC context as a reference. The RRC context includes ue-RadioAccessCapabilityInfo, as-config, rrm-config, as-context and so on. It should be noticed that RAN2 has agreed that LTE and NR are not required to comprehend each other’s UE configuration, which means the RRC context from the source node may not be fully interpreted by the target node, thus there is no need to carry all the information in the HANDOVER REQUEST message for LTE-NR handover. 
However, the UE radio access capability, which is carried in the RRC context, is necessary for the target node to generate the UE configuration. This IE could contain a list of capabilities for multiple RATs. To support LTE-NR handover, the UE radio access capability should also be delivered from the source to the target node and the NR related capability should be part of the IE. 

Proposal 3: The UE radio access capability needs to be delivered to support LTE-NR handover with the involvement of NR related capability.
· Flow-DRB mapping

In RAN2, it has been agreed that the flow-DRB mapping is decided by RAN. For LTE-NR handover, it is under discussion whether the flow-DRB could be remapped during the handover procedure or not, i.e. the target node is able to change the flow-DRB mapping during the handover. If the flow-DRB remapping is not agreed, the corresponding decision in source node should be sent to the target node so that the target node is able to perform the same mapping. Or if the flow-DRB remapping can be agreed, the source should also inform the target node of its mapping strategy as a reference.
Proposal 4: The flow-DRB mapping performed in the source node should be carried in the HANDOVER REQUEST message.

2.2.2   Handover Request Acknowledge
Based on the LTE HANDOVER REQUEST ACKNOWLEDGE message as listed in the Table 2, the IEs for LTE-NR handover should be identified.
Table 2: HANDOVER REQUEST ACKNOWLEDGE message
	Intra LTE
	LTE-NR

	IE/Group Name
	Presence
	Range
	Remarks

	Message Type
	M
	
	(

	Old eNB UE X2AP ID
	M
	
	( (Old node UE XnAP ID)

	New eNB UE X2AP ID
	M
	
	((Old node UE XnAP ID)

	E-RABs Admitted List
	
	1
	( (to support flow in NGC, this IE should be modified)

	> E-RABs Admitted Item
	
	1 .. <maxnoof Bearers>
	

	>>E-RAB ID
	M
	
	

	>>UL GTP Tunnel Endpoint
	O
	
	

	>>DL GTP Tunnel Endpoint
	O
	
	

	E-RABs Not Admitted List
	O
	
	( (to support flow in NGC, this IE should be modified)

	Target eNB To Source eNB Transparent Container
	M
	
	( (source to target final RRC message)

	Criticality Diagnostics
	O
	
	

	UE Context Kept Indicator
	O
	
	

	Old eNB UE X2AP ID Extension
	O
	
	

	New eNB UE X2AP ID Extension
	O
	
	


Similar as for HANDOVER REQUEST message, the E-RAB should be replaced by the PDU session consisting of at least one QoS flow. 
By taking the intra-LTE handover and the LTE-UMTS handover as a reference, the target node can generate the complete handover command, which could be a final RRC message. The same mechanism can also be applied for the LTE-NR handover.
Proposal 5: For LTE-NR handover, the LTE HANDOVER REQUEST ACKNOWLEDGE message can be reused with replacement of the E-RAB information by PDU session information.

2.3   Others
Under the NGC, there could be three types of handover including intra NR handover, intra LTE handover and LTE-NR handover. The LTE procedures and the message can be reused with some difference as discussed above. To support the handover properly, it is necessary for the node to know the RAT type of the other node. The simplest way proposed is that the node should report its RAT type during the Xn setup procedure. 
Proposal 6: During the Xn setup procedure, the node should report its RAT type.
3   Conclusion
In this contribution, the LTE-NR handover procedures and design of IEs were discussed and the following proposals are given:
Proposal 1: The above handover preparation and handover cancel procedures should be supported for LTE-NR handover under NGC.

Proposal 2: To support NGC flow based QoS management, the PDU Session To Be Setup List IE should be carried in HANDOVER REQUEST message and it least includes the PDU session ID, UL TNL info, QoS flow information and S-NSSAI for each PDU session.

Proposal 3: The UE radio access capability needs to be delivered to support LTE-NR handover with the involvement of NR related capability.
Proposal 4: The flow-DRB mapping performed in the source node should be carried in the HANDOVER REQUEST message.

Proposal 5: For LTE-NR handover, the LTE HANDOVER REQUEST ACKNOWLEDGE message can be reused with replacement of the E-RAB information by PDU session information.

Proposal 6: During the Xn setup procedure, the node should report its RAT type.
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