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1	Introduction
Besides time-based triggered CHO, for NTN RAN2 also defined a location-based triggered CHO in Rel-17. [1][2] While the first one is currently part of agreed BL RAN3 functionality for Rel-18, the latter one is currently not supported over network interfaces.
It seems beneficial to support location-based triggered CHO in RAN3. In this contribution we will discuss how to enable such support.
2	Discussion
A time-based or a location-based trigger condition is always configured for the UE with one of the measurement-based trigger conditions (CHO events as defined in [2]). The UE evaluates the time- or location-based trigger condition together with the RRM-based event. [1]
The location-based trigger condition (condEventD1 in RRC) is based on the following parameters: [2]
· Reference Location 1
· Reference Location 2
· Distance Threshold from Location 1
· Distance Threshold from Location 2
· Hysteresis
· Time to Trigger.
The location-based trigger condition becomes true if the distance between the UE and Reference Location 1 becomes larger than the configured Threshold 1 and the distance between the UE and Reference Location 2 becomes smaller than the configured Threshold 2. The Hysteresis parameter is defined for this event (“entry and leave condition” [2]), and the Time to Trigger is the time during which the criteria need to be met. [2]
[bookmark: _Hlk146612302]A typical use case for this functionality is e.g. the handover triggered due to feeder link switch: the two reference locations refer to the boresight of the “old” and the “new” beams serving the UE. Their encoding as octet strings in RRC allows for maximum flexibility.
Currently, for a CHO with a location-based trigger condition, the UE configuration is not known at the target gNB. Hence, the target gNB does not know the location where the handover will be triggered.
Observation 1: For a CHO with a location-based trigger condition, currently the target gNB does not know the location where the handover will be triggered.
Especially for NTN this appears suboptimal. If the location-based CHO is triggered due to e.g. the source cell becoming unavailable due to LEO satellite motion, a high number of CHOs are likely to be triggered always in the same area, resulting in a high demand for radio and traffic resources in the target in that same area. It will be more difficult for the gNB to allocate the appropriate resources[footnoteRef:2]. [2:  This could be mitigated via implementation, if the target gNB observes the CHO patterns and attempts to predict future behavior. However, this is prone to errors and is likely to take some time to reach a steady state, while in the meantime there may be a shortage of resources in the target.] 

Observation 2: Without the knowledge that the CHO was configured for the UE with a location-based trigger condition, it will be more difficult for the target gNB to allocate the appropriate resources.
For the above reason, we propose to add support for CHO with location-based trigger condition in XnAP, by adding the corresponding parameters defined in RRC.
Proposal 1: RAN3 should add support for CHO with location-based trigger condition in XnAP, by adding the corresponding RRC parameters to the HANDOVER REQUEST message (the TP for XnAP BL CR, for agreement, is in the annex to this contribution).
We should then discuss what to do, if anything at all, with respect to NGAP.
From a signaling point of view, it would be straightforward to add the corresponding parameters to the NGAP Source NG-RAN Node to Target NG-RAN Node Transparent Container IE like for the time-based trigger condition. However, we can observe the following.
Unlike the time-based trigger condition, the location-based condition does not “expire” (i.e., if the UE did not show up in the configured target cell, the CHO can be considered canceled at the target and any configured resources in the target cell can be discarded[footnoteRef:3]). Once configured, the location-based condition can only be explicitly canceled (with e.g.a CHO CANCEL message from the target gNB). [3:  Such a behavior text, initially captured in stage 3, has been removed from the current XnAP BL CR because it is common understanding.] 

Observation 3: Unlike the time-based trigger condition, the location-based condition in principle does not “expire”, so once configured it can only be explicitly canceled.
In NGAP, however, there is no possibility for the target gNB to cancel a configured (C)HO. If a location-based HO was configured in this situation, the target gNB would risk (over-)allocating resources without the possibility to recover.
Observation 4: In NGAP there is no possibility for the target gNB to cancel a configured HO, so the target would risk (over-)allocating resources without the possibility to recover.
The above could be mitigated if both time-based and location-based conditions are configured at the same time for the same UE, only for the NG case. In this case, the target gNB would understand that after the configured time window expires, the HO can be considered canceled. For NGAP, this would make the location-based CHO into a subcategory of the of the time-based CHO.
Observation 5: A possible mitigation could be to configure, just for the NG HO case, both time-based and location-based conditions together, thereby providing a “natural” expiration for the configured HO.
It is to be noted, though, that this would somewhat restrict the use of the conditions as defined by RAN2. On the other hand, this might be considered as a necessary trade-off to support the location-based trigger condition over NG. We welcome further discussion on this issue.
Observation 6: Making the time-based condition mandatory for the location-based condition to be configured over NG HO would restrict the use of the conditions as defined by RAN2, but on the other hand this might be considered as a necessary trade-off to support location-based trigger condition over NG.
Proposal 2: RAN3 should discuss whether to support the location-based trigger condition over NG HO and whether the potential trade-off discussed is acceptable.
3	Conclusions and Proposals
Our proposals are summarized below.
Observation 1: For a CHO with a location-based trigger condition, currently the target gNB does not know the location where the handover will be triggered.
Observation 2: Without the knowledge that the CHO was configured for the UE with a location-based trigger condition, it will be more difficult for the target gNB to allocate the appropriate resources.
Proposal 1: RAN3 should add support for CHO with location-based trigger condition in XnAP, by adding the corresponding RRC parameters to the HANDOVER REQUEST message (the TP for XnAP BL CR, for agreement, is in the annex to this contribution).
Observation 3: Unlike the time-based trigger condition, the location-based condition in principle does not “expire”, so once configured it can only be explicitly canceled.
Observation 4: In NGAP there is no possibility for the target gNB to cancel a configured HO, so the target would risk (over-)allocating resources without the possibility to recover.
Observation 5: A possible mitigation could be to configure, just for the NG HO case, both time-based and location-based conditions, thereby providing a “natural” expiration for the configured HO.
Observation 6: Making the time-based condition mandatory for the location-based condition to be configured over NG HO would restrict the use of the conditions as defined by RAN2, but on the other hand this might be considered as a necessary trade-off to support location-based trigger condition over NG.
Proposal 2: RAN3 should discuss whether to support the location-based trigger condition over NG HO and whether the potential trade-off discussed is acceptable.
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Figure 8.2.1.2-1: Handover Preparation, successful operation
The source NG-RAN node initiates the procedure by sending the HANDOVER REQUEST message to the target NG-RAN node. When the source NG-RAN node sends the HANDOVER REQUEST message, it shall start the timer TXnRELOCprep.
If the Conditional Handover Information Request IE is contained in the HANDOVER REQUEST message, the target NG-RAN node shall consider that the request concerns a conditional handover and shall include the Conditional Handover Information Acknowledge IE in the HANDOVER REQUEST ACKNOWLEDGE message.
UNCHANGED PART OMITTED
[bookmark: _Hlk36823579]If the Maximum Number of CHO Preparations IE is included in the Conditional Handover Information Acknowledge IE contained in the HANDOVER REQUEST ACKNOWLEDGE message, then the source NG-RAN node should not prepare more candidate target cells for a CHO for the same UE towards the target NG-RAN node than the number indicated in the IE.
If the Estimated Arrival Probability IE is contained in the Conditional Handover Information Request IE included in the HANDOVER REQUEST message, then the target NG-RAN node may use the information to allocate necessary resources for the incoming CHO.
If the Conditional Handover Time Based Information IE is contained in the Conditional Handover Information Request IE included in the HANDOVER REQUEST message, then the target NG-RAN node may use this information to allocate necessary resources for the incoming CHO.
If the Conditional Handover Location Based Information IE is contained in the Conditional Handover Information Request IE included in the HANDOVER REQUEST message, then the target NG-RAN node may use this information to allocate necessary resources for the incoming CHO.
If the IAB Node Indication IE is contained in the HANDOVER REQUEST message, the target NG-RAN node shall, if supported, consider that the handover is for an IAB node. In addition:
[bookmark: _Hlk98791575]-	If the No PDU Session Indication IE is contained in the HANDOVER REQUEST message, the target NG-RAN node shall, if supported, consider the UE as an IAB-node which does not have any PDU sessions activated, and ignore the PDU Session Resources To Be Setup List IE, and shall not take any action with respect to PDU session setup. Subsequently, the source NG-RAN node shall, if supported, ignore the PDU Session Resources Admitted To Be Added List IE in the HANDOVER REQUEST ACKNOWLEDGE message.
UNCHANGED PART OMITTED
NEXT CHANGE
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[bookmark: _Toc20955180][bookmark: _Toc29991375][bookmark: _Toc36555775][bookmark: _Toc44497482][bookmark: _Toc45107870][bookmark: _Toc45901490][bookmark: _Toc51850569][bookmark: _Toc56693572][bookmark: _Toc64447115][bookmark: _Toc66286609][bookmark: _Toc74151304][bookmark: _Toc88653776][bookmark: _Toc97904132][bookmark: _Toc98868197][bookmark: _Toc105174481][bookmark: _Toc106109318][bookmark: _Toc113825139]9.1.1.1	HANDOVER REQUEST
This message is sent by the source NG-RAN node to the target NG-RAN node to request the preparation of resources for a handover.
Direction: source NG-RAN node  target NG-RAN node.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.3.1
	
	YES
	reject

	Source NG-RAN node UE XnAP ID reference
	M
	
	NG-RAN node UE XnAP ID
9.2.3.16
	Allocated at the source NG-RAN node
	YES
	reject

	Cause
	M
	
	9.2.3.2
	
	YES
	reject

	Target Cell Global ID
	M
	
	9.2.3.25
	Includes either an E-UTRA CGI or an NR CGI
	YES
	reject

	GUAMI
	M
	
	9.2.3.24
	
	YES
	reject

	UE Context Information
	
	1
	
	
	YES
	reject

	>NG-C UE associated Signalling reference
	M
	
	AMF UE NGAP ID
9.2.3.26
	Allocated at the AMF on the source NG-C connection.
	–
	

	>Signalling TNL association address at source NG-C side
	M
	
	CP Transport Layer Information
9.2.3.31
	This IE indicates the AMF’s IP address of the SCTP association used at the source NG-C interface instance.
Note: If no UE TNLA binding exists at the source NG-RAN node, the source NG-RAN node indicates the TNL association address it would have selected if it would have had to create a UE TNLA binding.
	–
	

	>UE Security Capabilities
	M
	
	9.2.3.49
	
	–
	

	>AS Security Information
	M
	
	9.2.3.50
	
	–
	

	>Index to RAT/Frequency Selection Priority
	O
	
	9.2.3.23
	
	–
	

	>UE Aggregate Maximum Bit Rate
	M
	
	9.2.3.17
	
	–
	

	>PDU Session Resources To Be Setup List
	
	1
	9.2.1.1
	Similar to NG-C signalling, containing UL tunnel information per PDU Session Resource;
and in addition, the source side QoS flow  DRB mapping
	–
	

	>RRC Context
	M
	
	OCTET STRING
	Either includes the HandoverPreparationInformation message as defined in subclause 10.2.2. of TS 36.331 [14], or the HandoverPreparationInformation-NB message as defined in subclause 10.6.2 of TS 36.331 [14], if the target NG-RAN node is an ng-eNB,
or the HandoverPreparationInformation message as defined in subclause 11.2.2 of TS 38.331 [10], if the target NG-RAN node is a gNB.
	–
	

	>Location Reporting Information
	O
	
	9.2.3.47
	Includes the necessary parameters for location reporting.
	–
	

	>Mobility Restriction List
	O
	
	9.2.3.53
	
	–
	

	>5GC Mobility Restriction List Container
	O
	
	9.2.3.100
	
	YES
	ignore

	>NR UE Sidelink Aggregate Maximum Bit Rate
	O
	
	9.2.3.107
	This IE applies only if the UE is authorized for NR V2X services.
	YES
	ignore

	>LTE UE Sidelink Aggregate Maximum Bit Rate
	O
	
	9.2.3.108
	This IE applies only if the UE is authorized for LTE V2X services.
	YES
	ignore

	>Management Based MDT PLMN List 
	O
	
	MDT PLMN List
9.2.3.133
	
	YES
	ignore

	>UE Radio Capability ID
	O
	
	9.2.3.138
	
	YES
	reject

	>MBS Session Information List
	O
	
	9.2.1.36
	
	YES
	ignore

	>5G ProSe UE PC5 Aggregate Maximum Bit Rate
	O
	
	NR UE Sidelink Aggregate Maximum Bit Rate
9.2.3.107
	This IE applies only if the UE is authorized for 5G ProSe services.
	YES
	ignore

	>UE Slice Maximum Bit Rate List
	O
	
	9.2.3.167
	
	YES
	ignore

	Trace Activation
	O
	
	9.2.3.55
	
	YES
	ignore

	Masked IMEISV
	O
	
	9.2.3.32
	
	YES
	ignore

	UE History Information
	M
	
	9.2.3.64
	
	YES
	ignore

	UE Context Reference at the S-NG-RAN node
	O
	
	
	
	YES
	ignore

	>Global NG-RAN Node ID
	M
	
	9.2.2.3
	
	–
	

	>S-NG-RAN node UE XnAP ID
	M
	
	NG-RAN node UE XnAP ID
9.2.3.16
	
	–
	

	Conditional Handover Information Request
	O
	
	
	
	YES
	reject

	>CHO Trigger
	M
	
	ENUMERATED (CHO-initiation, CHO-replace, …)
	
	–
	

	>Target NG-RAN node UE XnAP ID
	C-ifCHOmod
	
	NG-RAN node UE XnAP ID
9.2.3.16
	Allocated at the target NG-RAN node
	–
	

	>Estimated Arrival Probability
	O
	
	INTEGER (1..100)
	
	–
	

	>Conditonal Handover Time Based Information
	O
	
	
	This IE only applies to NTN.
	YES
	ignore

	>>Handover Window Start
	M
	
	INTEGER (0..549755813887)
	Corresponds to t1-Threshold as defined in TS 38.331 [10]
	–
	

	>>Handover Window Duration
	M
	
	INTEGER (1..6000)
	Corresponds to duration in the condEventT1 as defined in TS 38.331 [10]
	–
	

	>Conditional Handover Location Based Information
	O
	
	
	This IE only applies to NTN.
	YES
	ignore

	>>Distance Threshold from Reference 1
	M
	
	INTEGER (0..65535)
	Corresponds to distanceThreshFromReference1 in the condEventD1 as defined in TS 38.331 [10]
	–
	

	>>Distance Threshold from Reference 2
	M
	
	INTEGER (0..65535)
	Corresponds to distanceThreshFromReference2 in the condEventD1 as defined in TS 38.331 [10]
	–
	

	>>Reference Location 1
	M
	
	OCTET STRING
	Corresponds to referenceLocation1 in the condEventD1 as defined in TS 38.331 [10]
	–
	

	>>Reference Location 2
	M
	
	OCTET STRING
	Corresponds to referenceLocation2 in the condEventD1 as defined in TS 38.331 [10]
	–
	

	>>Hysteresis
	M
	
	INTEGER (0..32768)
	Corresponds to hysteresisLocation in the condEventD1 as defined in TS 38.331 [10]
	–
	

	>>Time to Trigger
	M
	
	ENUMERATED (ms0, ms40, ms64, ms80, ms100, ms128, ms160, ms256, ms320, ms480, ms512, ms640, ms1024, ms1280, ms2560, ms5120, ...)
	Corresponds to timeToTrigger in the condEventD1 as defined in TS 38.331 [10]
	–
	

	NR V2X Services Authorized
	O
	
	9.2.3.105
	
	YES
	ignore

	LTE V2X Services Authorized
	O
	
	9.2.3.106
	
	YES
	ignore

	PC5 QoS Parameters
	O
	
	9.2.3.109
	This IE applies only if the UE is authorized for NR V2X services.
	YES
	ignore

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

	UE History Information from the UE
	O
	
	9.2.3.110
	
	YES
	ignore

	IAB Node Indication
	O
	
	ENUMERATED (true, ...)
	
	YES
	reject

	No PDU Session Indication
	O
	
	ENUMERATED (true, ...)
	This IE applies only if the UE is an IAB-MT.
	YES
	ignore

	Time Synchronisation Assistance Information 
	O
	
	9.2.3.153
	
	YES
	ignore

	QMC Configuration Information
	O
	
	9.2.3.156
	
	YES
	ignore

	5G ProSe Authorized
	O
	
	9.2.3.159
	
	YES
	ignore

	5G ProSe PC5 QoS Parameters
	O
	
	9.2.3.160
	This IE applies only if the UE is authorized for 5G ProSe services.
	YES
	ignore



	Condition
	Explanation

	ifCHOmod
	This IE shall be present if the CHO Trigger IE is present and set to "CHO-replace".



	Range bound
	Explanation

	maxnoofMDTPLMNs
	PLMNs in the Management Based MDT PLMN list. Value is 16.




NEXT CHANGE


	

9.3.5	Information Element definitions
-- ASN1START
-- **************************************************************
--
-- Information Element Definitions
--
-- **************************************************************

XnAP-IEs {
itu-t (0) identified-organization (4) etsi (0) mobileDomain (0)
ngran-access (22) modules (3) xnap (2) version1 (1) xnap-IEs (2) }

DEFINITIONS AUTOMATIC TAGS ::=

BEGIN

IMPORTS

UNCHANGED PART OMITTED
	
	id-UESliceMaximumBitRateList,
	id-PositioningInformation,
	id-ServedCellSpecificInfoReq-NR,
	id-TAINSAGSupportList,
	id-earlyMeasurement,
	id-BeamMeasurementsReportConfiguration,
	id-CHOTimeBasedInformation,
	id-CHOLocationBasedInformation,
	maxEARFCN,
	maxnoofAllowedAreas,
	maxnoofAMFRegions,
	maxnoofAoIs,

UNCHANGED PART OMITTED

CHOinformation-Req ::= SEQUENCE {
	cho-trigger						CHOtrigger,
	targetNG-RANnodeUEXnAPID		NG-RANnodeUEXnAPID										OPTIONAL
		-- This IE shall be present if the cho-trigger IE is present and set to "CHO-replace" --,
[bookmark: _Hlk36823793]	cHO-EstimatedArrivalProbability	CHO-Probability											OPTIONAL,
	iE-Extensions					ProtocolExtensionContainer { { CHOinformation-Req-ExtIEs} }	OPTIONAL,
	...
}

CHOinformation-Req-ExtIEs XNAP-PROTOCOL-EXTENSION ::={
	{ID id-CHOTimeBasedInformation		CRITICALITY ignore	EXTENSION CHOTimeBasedInformation			PRESENCE optional}|
	{ID id-CHOLocationBasedInformation	CRITICALITY ignore	EXTENSION CHOLocationBasedInformation		PRESENCE optional},
	...
}

CHOTimeBasedInformation ::= SEQUENCE {
	cHO-HOWindowStart			CHO-HandoverWindowStart,
	cHO-HOWindowDuration		CHO-HandoverWindowDuration,
	iE-Extensions				ProtocolExtensionContainer { {CHOTimeBasedInformation-ExtIEs} }	OPTIONAL,
	...
}

CHOTimeBasedInformation-ExtIEs	XNAP-PROTOCOL-EXTENSION ::= {
	...
}

CHOLocationBasedInformation ::= SEQUENCE {
	cHO-DistThreshFromRef1		CHO-DistThresholdFromReference,
	cHO-DistThreshFromRef2		CHO-DistThresholdFromReference,
	cHO-RefLoc1					CHO-ReferenceLocation,
	cHO-RefLoc2					CHO-ReferenceLocation,
	cHO-HysteresisLoc			CHO-HysteresisLocation,
	cHO-TimeToTrigger			CHO-TimeToTrigger,
	iE-Extensions				ProtocolExtensionContainer { {CHOLocationBasedInformation-ExtIEs} } OPTIONAL,
	...
}

CHOLocationBasedInformation-ExtIEs	XNAP-PROTOCOL-EXTENSION ::= {
	...
}

CHOinformation-Ack ::= SEQUENCE {
	requestedTargetCellGlobalID		Target-CGI,
	maxCHOoperations				MaxCHOpreparations											OPTIONAL,
	iE-Extensions					ProtocolExtensionContainer { { CHOinformation-Ack-ExtIEs} }	OPTIONAL,
	...
}

CHOinformation-Ack-ExtIEs XNAP-PROTOCOL-EXTENSION ::={
	...
}


[bookmark: _Hlk94696703]CHOinformation-AddReq ::= SEQUENCE {
	source-M-NGRAN-node-ID				GlobalNG-RANNode-ID,
	source-M-NGRAN-node-UE-XnAP-ID		NG-RANnodeUEXnAPID,
	cHO-EstimatedArrivalProbability		CHO-Probability													OPTIONAL,
	iE-Extensions					ProtocolExtensionContainer { { CHOinformation-AddReq-ExtIEs} }	OPTIONAL,
	...
}

CHOinformation-AddReq-ExtIEs XNAP-PROTOCOL-EXTENSION ::={
	...
}


[bookmark: _Hlk94694232]CHOinformation-ModReq ::= SEQUENCE {
	conditionalReconfig					ENUMERATED {intra-mn-cho, ...},
	cHO-EstimatedArrivalProbability		CHO-Probability													OPTIONAL,
	iE-Extensions					ProtocolExtensionContainer { { CHOinformation-ModReq-ExtIEs} }	OPTIONAL,
	...
}

CHOinformation-ModReq-ExtIEs XNAP-PROTOCOL-EXTENSION ::={
	...
}


CHO-Probability ::= INTEGER (1..100)

CHO-HandoverWindowStart ::= INTEGER (0.. 549755813887)

CHO-HandoverWindowDuration ::= INTEGER (1..6000)

CHO-DistThresholdFromReference ::= INTEGER (0.. 65535)

CHO-ReferenceLocation ::= OCTET STRING

CHO-HysteresisLocation ::= INTEGER (0..32768)

CHO-TimeToTrigger ::= ENUMERATED {ms0, ms40, ms64, ms80, ms100, ms128, ms160, ms256, ms320, ms480, ms512, ms640, ms1024, ms1280, ms2560, ms5120, ...}

CNsubgroupID ::= INTEGER (0..7, ...)

UNCHANGED PART OMITTED
NEXT CHANGE
9.3.7	Constant definitions
-- ASN1START
-- **************************************************************
--
-- Constant definitions
--
-- **************************************************************

XnAP-Constants {
itu-t (0) identified-organization (4) etsi (0) mobileDomain (0)
ngran-Access (22) modules (3) xnap (2) version1 (1) xnap-Constants (4) }

DEFINITIONS AUTOMATIC TAGS ::=

BEGIN

UNCHANGED PART OMITTED

id-S-NG-RANnodeUE-Slice-MBR																			ProtocolIE-ID ::= 359
id-PositioningInformation																			ProtocolIE-ID ::= 360
id-UEAssistantIdentifier																			ProtocolIE-ID ::= 361
id-ManagementBasedMDTPLMNModificationList															ProtocolIE-ID ::= 362
id-F1-terminatingIAB-donorIndicator																	ProtocolIE-ID ::= 363
id-TAINSAGSupportList																				ProtocolIE-ID ::= 364
id-SCGreconfigNotification																			ProtocolIE-ID ::= 365
id-earlyMeasurement																					ProtocolIE-ID ::= 366
id-BeamMeasurementsReportConfiguration																ProtocolIE-ID ::= 367
id-CoverageModificationCause																		ProtocolIE-ID ::= 368
id-AdditionalListofPDUSessionResourceChangeConfirmInfo-SNterminated									ProtocolIE-ID ::= 369
id-UERLFReportContainerLTEExtension																ProtocolIE-ID ::= 370
id-ExcessPacketDelayThresholdConfiguration															ProtocolIE-ID ::= 371
[bookmark: _Hlk138181653]id-HashedUEIdentityIndexValue																		ProtocolIE-ID ::= 372
id-CHOTimeBasedInformation																			ProtocolIE-ID ::= a
id-CHOLocationBasedInformation																		ProtocolIE-ID ::= b


END
-- ASN1STOP

END OF CHANGES
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