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Introduction
[bookmark: _Ref178064866]On high level, the NR mobility procedure between two cells follows the LTE procedure to a large extent. The agreed procedure is captured in 38.300 in Figures 9.2.3-1 and 9.2.3.2.1-1. 


Figure 9.2.3-1: Inter-gNB handover procedures.


Figure 9.2.3.2.1-1: Intra-AMF/UPF Handover
In general the mobility procedure is a joint responsibility between RAN2, RAN3 and SA2. However, the focus of this contribution is the information needed by the Target gNB to generate the transparent container forwarded to the UE, which is a pure RAN2 aspect, i.e. the third step (“3. Handover Request”) of the handover procedure). 
Discussion
First, we note that Figure 9.2.3-1 contains slightly confusing terminology by using Handover Command and Handover Complete as names of the RRC procedures for handover. It would be better to align this with the actual RRC messages, “RRCConnectionReconfiguration with MobilityControlInformation” and “RRCConnectionReconfiguration Complete”, which are more correct and more commonly used in 36.300 (even though one has to admit this is not fully consistently handled in 36.300).
Use “RRCConnectionReconfiguration with MobilityControlInformation” and “RRCConnectionReconfiguration Complete” as the names of the RRC messages in Figure 9.2.3-1 in 38.300.
The current 38.300 does not currently provide much details of the contents of the Handover Request (“passing necessary information to prepare the HO at the target side”), but based on the baseline LTE procedure, it is probably safe to assume that the information contained in current X2 HANDOVER REQUEST (Appendix A) and HandoverPreparationInformation (Appendix B) are a good starting point.
From RAN2 point of view, the main main information elements are contained in the HandOverPreparationInformation IE, and listed in the table below, together with some of the X2 HANDOVER REQUEST information elements (note that some of the RRC and X2 IEs related to e.g. D2D and MBMS have been omitted).
Table 1: Selected information elements from HandOverPreparationInformation and X2 HANDOVER REQUEST messages
	Information element
	Contents
	RRC/X2
	Comment

	UE-CapabilityRAT
	
	RRC
	List of UE capabilities for different RATs.
Useful for NR.

	AS-Config
	Measurement Config
Radio Resource Config
Source UE Identity
Source MIB
Source SIB1
Source SIB2
Antenna Info
DL Carrier Frequency
	RRC
	Useful for NR.
Useful for NR.
C-RNTI. Useful for NR.
Useful for NR.
Useful for NR.
Useful for NR.
Useful for NR.
Useful for NR.

	RRM-Config
	UE Inactive Time
Candidate Cell List
	RRC
	Useful for NR.
Useful for NR.

	AS-Context
	Re-establishment Info
In-device coexistence Info
Power Preference Indication
	RRC
	Further discussion on the NR re-establishment procedure needed.
Unclear if needed.
Unclear if needed.

	ue-ConfigRelease
	
	RRC
	Indicates the version of the RRC used.
Useful for NR.

	ue-SupportedEARFCN
	
	RRC
	Used to indicate target cell frequency with it belongs to multiple bands.
Probably useful for NR.

	makeBeforeBreakReq
	
	RRC
	Unclear if needed

	Target Cell ID
	ECGI
	X2
	Globally unique cell ID
RAN3 decision.

	UE security capabilities
	
	X2
	RAN3 decision.

	AS security info
	
	X2
	RAN3 decision.

	List of E-RABs
	
	X2
	RAN3 decision.

	UE history information
	
	X2
	List of visited cells
RAN3 decision.



Based on the analysis in Table 1, we propose 
NR HandOverPreparationInformation contains UE Capabilities for different RATs, AS configuration (including Measurement and Radio Resource configurations, Source cell C-RNTI, Source MIB and NR-SIB1, Antenna Info and DL Carrier Frequency), RRM Configuration, UE release indication and UE supported EARFCN
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[bookmark: _Toc450908196][bookmark: _In-sequence_SDU_delivery]
Based on the analysis in section 2, we propose the following:
1. Use “RRCConnectionReconfiguration with MobilityControlInformation” and “RRCConnectionReconfiguration Complete” as the names of the RRC messages in Figure 9.2.3-1 in 38.300.
1. NR HandOverPreparationInformation contains UE Capabilities for different RATs, AS configuration (including Measurement and Radio Resource configurations, Source cell C-RNTI, Source MIB and NR-SIB1, Antenna Info and DL Carrier Frequency), RRM Configuration, UE release indication and UE supported EARFCN
Appendix A: X2 HANDOVER REQUEST
This message is sent by the source eNB to the target eNB to request the preparation of resources for a handover.
Direction: source eNB  target eNB.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.13
	
	YES
	reject

	Old eNB UE X2AP ID
	M
	
	eNB UE X2AP ID
9.2.24
	Allocated at the source eNB
	YES
	reject

	Cause
	M
	
	9.2.6
	
	YES
	ignore

	Target Cell ID
	M
	
	ECGI 
9.2.14
	
	YES
	reject

	GUMMEI
	M
	
	9.2.16
	
	YES
	reject

	UE Context Information
	
	1
	
	
	YES
	reject

	>MME UE S1AP ID
	M
	
	INTEGER (0..232 -1)
	MME UE S1AP ID allocated at the MME
	–
	–

	>UE Security Capabilities
	M
	
	9.2.29
	
	–
	–

	>AS Security Information
	M
	
	9.2.30
	
	–
	–

	>UE Aggregate Maximum Bit Rate
	M
	
	9.2.12
	
	–
	–

	>Subscriber Profile ID for RAT/Frequency priority
	O
	
	9.2.25
	
	–
	–

	>E-RABs To Be Setup List
	
	1
	
	
	–
	–

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

	>>>E-RAB ID
	M
	
	9.2.23
	
	–
	–

	>>>E-RAB Level QoS Parameters
	M
	
	9.2.9
	Includes necessary QoS parameters
	–
	–

	>>>DL Forwarding 
	O
	
	9.2.5
	
	–
	–

	>>>UL GTP Tunnel Endpoint
	M
	
	GTP Tunnel Endpoint 9.2.1
	SGW endpoint of the S1 transport bearer. For delivery of UL PDUs.
	–
	–

	>>>Bearer Type
	O
	
	9.2.92
	
	YES
	reject

	>RRC Context
	M
	
	OCTET STRING
	Includes the RRC Handover Preparation Information message as defined in subclause 10.2.2 of TS 36.331 [9]
	–
	–

	>Handover Restriction List
	O
	
	9.2.3
	
	–
	–

	>Location Reporting Information
	O
	
	9.2.21
	Includes the necessary parameters for location reporting
	–
	–

	>Management Based MDT Allowed
	O
	
	9.2.59
	
	YES
	ignore

	>Management Based MDT PLMN List
	O
	
	MDT PLMN List
9.2.64
	
	YES
	ignore

	>UE Sidelink Aggregate Maximum Bit Rate
	O
	
	9.2.97
	This IE applies only if the UE is authorized for V2X services.
	YES
	Ignore

	UE History Information
	M
	
	9.2.38
	Same definition as in TS 36.413 [4]
	YES
	ignore

	Trace Activation
	O
	
	9.2.2
	
	YES
	ignore

	SRVCC Operation Possible
	O
	
	9.2.33
	
	YES
	ignore

	CSG Membership Status
	O
	
	9.2.52
	
	YES
	reject

	Mobility Information
	O
	
	BIT STRING (SIZE (32))
	Information related to the handover; the source eNB provides it in order to enable later analysis of the conditions that led to a wrong HO.
	YES
	ignore

	Masked IMEISV
	O
	
	9.2.69
	
	YES
	ignore

	UE History Information from the UE
	O
	
	OCTET STRING
	VisitedCellInfoList contained in the UEInformationResponse message (TS 36.331 [9])
	YES
	ignore

	Expected UE Behaviour
	O
	
	9.2.70
	
	YES
	ignore

	ProSe Authorized
	O
	
	9.2.78
	
	YES
	ignore

	UE Context Reference at the SeNB
	O
	
	
	
	YES
	ignore

	>Global SeNB ID
	M
	
	Global eNB ID
9.2.22
	
	
	

	>SeNB UE X2AP ID
	M
	
	eNB UE X2AP ID
9.2.24
	Allocated at the SeNB
	
	

	>SeNB UE X2AP ID Extension
	O
	
	Extended eNB UE X2AP ID
9.2.86
	Allocated at the SeNB
	
	

	Old eNB UE X2AP ID Extension
	O
	
	Extended eNB UE X2AP ID
9.2.86
	Allocated at the source eNB
	YES
	reject

	V2X Services Authorized
	O
	
	9.2.93
	
	YES
	ignore

	UE Context Reference at the WT
	O
	
	
	
	YES
	ignore

	>WT ID
	M
	
	9.2.95
	
	
	

	>WT UE XwAP ID
	M
	
	9.2.96
	
	
	



Appendix B: LTE HandoverPreparationInformation
This message is used to transfer the E-UTRA RRC information used by the target eNB during handover preparation, including UE capability information.
Direction: source eNB/ source RAN to target eNB
HandoverPreparationInformation message
-- ASN1START

HandoverPreparationInformation ::=	SEQUENCE {
	criticalExtensions					CHOICE {
		c1									CHOICE{
			handoverPreparationInformation-r8	HandoverPreparationInformation-r8-IEs,
			spare7 NULL,
			spare6 NULL, spare5 NULL, spare4 NULL,
			spare3 NULL, spare2 NULL, spare1 NULL
		},
		criticalExtensionsFuture			SEQUENCE {}
	}
}

HandoverPreparationInformation-r8-IEs ::= SEQUENCE {
	ue-RadioAccessCapabilityInfo		UE-CapabilityRAT-ContainerList,
	as-Config							AS-Config					OPTIONAL, 		-- Cond HO
	rrm-Config							RRM-Config					OPTIONAL,
	as-Context							AS-Context				OPTIONAL, 		-- Cond HO
	nonCriticalExtension				HandoverPreparationInformation-v920-IEs		OPTIONAL
}

HandoverPreparationInformation-v920-IEs	::= SEQUENCE {
	ue-ConfigRelease-r9					ENUMERATED {
										rel9, rel10, rel11, rel12, v10j0, v11e0,
										v1280, rel13, ...} 			OPTIONAL, 	-- Cond HO2
	nonCriticalExtension				HandoverPreparationInformation-v9d0-IEs		OPTIONAL
}

HandoverPreparationInformation-v9d0-IEs	::= SEQUENCE {
	lateNonCriticalExtension			OCTET STRING (CONTAINING HandoverPreparationInformation-v9j0-IEs)	OPTIONAL,
	nonCriticalExtension				HandoverPreparationInformation-v9e0-IEs			OPTIONAL
}

-- Late non-critical extensions:
HandoverPreparationInformation-v9j0-IEs ::= SEQUENCE {
	-- Following field is only for pre REL-10 late non-critical extensions
	lateNonCriticalExtension			OCTET STRING					OPTIONAL,
	nonCriticalExtension				HandoverPreparationInformation-v10j0-IEs		OPTIONAL
}

HandoverPreparationInformation-v10j0-IEs ::= SEQUENCE {
	as-Config-v10j0						AS-Config-v10j0			OPTIONAL,
	-- Following field is only for late non-critical extensions from REL-10
	nonCriticalExtension				SEQUENCE {}				OPTIONAL
}

-- Regular non-critical extensions:
HandoverPreparationInformation-v9e0-IEs	::= SEQUENCE {
	as-Config-v9e0						AS-Config-v9e0					OPTIONAL,	-- Cond HO2
	nonCriticalExtension				HandoverPreparationInformation-v1130-IEs		OPTIONAL
}

HandoverPreparationInformation-v1130-IEs	::= SEQUENCE {
	as-Context-v1130					AS-Context-v1130				OPTIONAL,	-- Cond HO2
	nonCriticalExtension				HandoverPreparationInformation-v1250-IEs						OPTIONAL
}

HandoverPreparationInformation-v1250-IEs ::= SEQUENCE {
	ue-SupportedEARFCN-r12 				ARFCN-ValueEUTRA-r9				OPTIONAL,	-- Cond HO3
	as-Config-v1250					AS-Config-v1250				OPTIONAL, 	-- Cond HO2 
	nonCriticalExtension				HandoverPreparationInformation-v1320-IEs						OPTIONAL
}

HandoverPreparationInformation-v1320-IEs ::= SEQUENCE {
	as-Config-v1320						AS-Config-v1320					OPTIONAL, 	-- Cond HO2 
	as-Context-v1320					AS-Context-v1320				OPTIONAL, 	-- Cond HO2
	nonCriticalExtension				HandoverPreparationInformation-v14x0-IEs						OPTIONAL
}

HandoverPreparationInformation-v14x0-IEs ::= SEQUENCE {
	as-Config-v14x0					AS-Config-v14x0						OPTIONAL, 	-- Cond HO2
	makeBeforeBreakReq-r14			ENUMERATED {true}				OPTIONAL, 	-- Cond HO2
	nonCriticalExtension			SEQUENCE {}							OPTIONAL
}

-- ASN1STOP

	HandoverPreparationInformation field descriptions

	as-Config
The radio resource configuration. Applicable in case of intra-E-UTRA handover. If the target receives an incomplete MeasConfig and RadioResourceConfigDedicated in the as-Config, the target eNB may decide to apply the full configuration option based on the ue-ConfigRelease.

	as-Context
Local E-UTRAN context required by the target eNB.

	makeBeforeBreakReq
To request the target eNB to add the makeBeforeBreak indication in the mobilityControlInfo.

	rrm-Config
Local E-UTRAN context used depending on the target node’s implementation, which is mainly used for the RRM purpose.

	ue-ConfigRelease
Indicates the RRC protocol release or version applicable for the current UE configuration. This could be used by target eNB to decide if the full configuration approach should be used. If this field is not present, the target assumes that the current UE configuration is based on the release 8 version of RRC protocol. NOTE 1.

	ue-RadioAccessCapabilityInfo
For E-UTRA radio access capabilities, it is up to E-UTRA how the backward compatibility among supportedBandCombinationReduced, supportedBandCombination and supportedBandCombinationAdd is ensured. If supportedBandCombinationReduced and supportedBandCombination/supportedBandCombinationAdd are included into ueCapabilityRAT-Container, it can be assumed that the value of fields, requestedBands, reducedIntNonContCombRequested and requestedCCsXL are consistend with all supported band combination fields. NOTE 2

	ue-SupportedEARFCN
Includes UE supported EARFCN of the handover target E-UTRA cell if the target E-UTRA cell belongs to multiple frequency bands.
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