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1 Introduction

At RAN3 #115, RAN3 was informed [1] of the RAN2 discussion on CHO and of potential RAN3 impacts. In the general CB for NTN, it was proposed by the moderator [2] to note the document and wait for RAN2 decision on the matter. No further discussion followed.

At their May meeting, RAN2 discussed CHO for NTN (following [3], among others) and agreed that, for Rel-17:

1. During CHO recovery in NTN the UE checks if the timer T2 has not expired before it can use CHO configuration for recovery.
2. It is FFS whether the same principle applies to location-based CHO triggering event.
3. Stage-3 details (i.e. whether the UE releases the configuration) are FFS.
Network impacts of CHO were brought up in RAN2 but not pursued, because they were out of scope (the discussion was about a UE performing CHO recovery using the CHO configuration after T2 expiry), and because several companies preferred to discuss this in Rel-18.

The approved Rel-18 WID for NR NTN requires, among other things, “for NTN-NTN mobility, [to] specify cell reselection enhancements for earth moving cell, the timing based and location-based cell reselection for quasi-earth fixed cell in Rel-17 can be considered as the starting point. [RAN2, RAN3, RAN4]” [4]
So, starting from the preliminary analysis in [1] and based on the RAN2 agreements, we will further discuss RAN3 impacts and propose TPs.

2 Discussion

Earlier in Rel-17, RAN2 had agreed a new time-based trigger condition for CHO, defining a time window (T1, T2) for handover to a given candidate target cell. Such condition can be defined as the time duration associated to a candidate target cell, given as a UTC time and/or a timer value (e.g. 20 s). Once configured by the serving gNB, the UE may only hand over to the candidate target cell in the time window defined (provided the legacy signal strength/quality criteria are also met). Later, RAN2 has also agreed that during CHO recovery in NTN, the UE checks if the timer T2 has not expired before it can use CHO configuration for recovery. This time-dependent CHO is well suited, among other things, for the quasi-Earth fixed beam scenario: the availability of successive cells over a given area is predictable, and so it is beneficial to inform UEs about the time window when handover should take place. Given that the CHO configuration may also be used for recovery, it seems also advantageous to signal the CHO time window to the candidate target NG-RAN node(s) so they can prepare in advance the appropriate resources for the UE.

Proposal 1: The time window (UTC time / timer value) for the UE to execute handover to a candidate target cell as agreed by RAN2, should be signaled to the candidate target(s) over network interfaces (NG, Xn).
2.1 CHO in RAN3: Terrestrial vs. NTN

RAN3 has specified CHO for terrestrial networks. It is only supported in XnAP: the likely candidates for CHO are only neighbor nodes, to which Xn is always assumed to be available. Then, to limit the signaling on transport links toward the core network, it was decided not to impact NGAP.

For NTN, however, there are some notable differences:

· Due to the geometry of NTN scenarios, there are far fewer potential candidate cells for CHO in NTN than in the terrestrial case (a handful as opposed to dozens).

· Given the above, for NTN the potential candidate target nodes for CHO are very few (no more than 1-2, at least for the current NTN architecture).

· Mobility is much more predictable in NTN (this is because the satellite motion is periodic and predictable).

· With the current NTN architecture, there will be a very limited number of NTN gNBs covering the same geographical area: NG signaling load is not going to be an issue.

Observation 1: In general, CHO scenarios for NTN should be less demanding and do not seem to break any principles established for CHO in the terrestrial case.
Observation 2: For NTN CHO, given the very limited number of potential candidate cells and nodes for CHO, NG signaling load is not a limiting factor.
2.2 RAN3 Signaling Impacts for NTN CHO

The introduction of a time-based trigger condition for CHO has RAN3 impacts. Configuration of multiple candidate target cells in inter-node CHO applies not only to Handover Preparation but also to the HANDOVER CANCEL message(s) sent to any candidate target node(s) with cells not selected by the UE.

For time-dependent CHO, a target cell needs to allocate radio resources for the duration of the CHO time window, after which it can release them if the UE did not connect there.

Observation 3: In a time-dependent CHO a target cell needs to allocate radio resources for the duration of the CHO time window, after which it can release them if the UE did not connect.
Because of the above, we propose to signal the CHO time window parameters to the target NG-RAN node. Upon receiving these parameters, if the UE did not connect to the prepared cell, the target NG-RAN node can free up resources immediately after the expiration of the time window. In principle, it might not even wait for e.g. a HANDOVER CANCEL message. A UE might attempt a CHO just before the time window expires, so depending on node implementation the candidate target node might need to add some margin to the indicated time window before releasing the resources.

Proposal 2: The CHO time window parameters should be signaled to the target node so it can prepare resources at the appropriate time; if the UE did not connect to the prepared cell within the given window, the target node can free up resources after the time window expires.
For the feeder switch scenario, it may be highly beneficial to also signal to the target node the estimated stop time for the serving cell. This information is included in RRC, and it is defined as the time when the serving (source) cell in a quasi-Earth-fixed cell scenario, stops serving the current coverage area. The target can use it as basis for the decision to release any previously reserved resources. In other words, if a handover from that source cell did not complete before the corresponding stop time, there is no need to keep waiting for it.

Proposal 3: It may be highly beneficial to also signal to the target node the estimated serving cell stop time; the target can use it as basis for the decision to release previously reserved radio resources.
To support time-based triggered CHO in RAN3 for NTN as discussed above, at least 3 IEs (Handover Window Start, Handover Window Duration, Serving Cell Stop Time IEs – encoding should correspond to the equivalent RRC IEs) need to be introduced.

For NGAP they should be included in the Source NG-RAN Node to Target NG-RAN Node Transparent Container IE (Sec. 9.3.1.29 of TS 38.413).

For XnAP (e.g. to support a future regenerative architecture for NTN), the above IEs would be added to the XnAP HANDOVER REQUEST message (Sec. 9.1.1.1 of TS 38.423).

Proposal 4: To support time-based triggered CHO in RAN3 for NTN as discussed above, at least 3 IEs (Handover Window Start, Handover Window Duration, Serving Cell Stop Time IEs – encoding should correspond to the equivalent RRC IEs) should be included in the Source NG-RAN Node to Target NG-RAN Node Transparent Container IE in NGAP.
Proposal 5: In case Xn is envisaged between source and target (e.g. potential NTN regenerative architecture in a future release), the above IEs should be added to the HANDOVER REQUEST message in XnAP.
Proposal 6: Agree the attached NGAP TP and the related XnAP TP [5].
3 Conclusions and Proposals

Our proposals are summarized below.

Proposal 1: The time window (UTC time / timer value) for the UE to execute handover to a candidate target cell as agreed by RAN2, should be signaled to the candidate target(s) over network interfaces (NG, Xn).
Proposal 2: The CHO time window parameters should be signaled to the target node so it can prepare resources at the appropriate time; if the UE did not connect to the prepared cell within the given window, the target node can free up resources after the time window expires.
Proposal 3: It may be highly beneficial to also signal to the target node the estimated serving cell stop time; the target can use it as basis for the decision to release previously reserved radio resources.
Proposal 4: To support time-based triggered CHO in RAN3 for NTN as discussed above, at least 3 IEs (Handover Window Start, Handover Window Duration, Serving Cell Stop Time IEs – encoding should correspond to the equivalent RRC IEs) should be included in the Source NG-RAN Node to Target NG-RAN Node Transparent Container IE in NGAP.
Proposal 5: In case Xn is envisaged between source and target (e.g. potential NTN regenerative architecture in a future release), the above IEs should be added to the HANDOVER REQUEST message in XnAP.
Proposal 6: Agree the attached NGAP TP and the related XnAP TP [5].
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Annex: Text Proposal for TS 38.413 v.17.1.1

START OF CHANGES
9.3.1.29
Source NG-RAN Node to Target NG-RAN Node Transparent Container

This IE is produced by the source NG-RAN node and is transmitted to the target NG-RAN node. For inter-system handovers to 5G, the IE is transmitted from the external handover source to the target NG-RAN node.

This IE is transparent to the 5GC.

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

	RRC Container
	M
	
	OCTET STRING
	Includes the RRC HandoverPreparationInformation message as defined in TS 38.331 [18] if the target is a gNB.
Includes the RRC HandoverPreparationInformation message as defined in TS 36.331 [21] if the target is an ng-eNB.
	-
	

	PDU Session Resource Information List
	
	0..1
	
	For intra-system handovers in NG-RAN.
	-
	

	>PDU Session Resource Information Item
	
	1..<maxnoofPDUSessions>
	
	
	-
	

	>>PDU Session ID
	M
	
	9.3.1.50
	
	-
	

	>>QoS Flow Information List
	
	1
	
	
	-
	

	>>>QoS Flow Information Item
	
	1..<maxnoofQoSFlows>
	
	
	-
	

	>>>>QoS Flow Identifier
	M
	
	9.3.1.51
	
	-
	

	>>>>DL Forwarding
	O
	
	9.3.1.33
	
	-
	

	>>>>UL Forwarding
	O
	
	9.3.1.118
	
	YES
	ignore

	>>>>Source Transport Layer Address
	O
	
	Transport Layer Address
9.3.2.4
	Identifies the TNL address used by the sending node for direct data forwarding
towards the target NG-RAN node
	YES
	ignore

	>>>>Source Node Transport Layer Address
	O
	
	Transport Layer Address
9.3.2.4
	Identifies the TNL address used by the source SN node for direct data forwarding
towards the target NG-RAN node
	YES
	ignore

	>>DRBs to QoS Flows Mapping List
	O
	
	9.3.1.34
	
	-
	

	E-RAB Information List
	
	0..1
	
	For inter-system handovers to 5G.
	-
	

	>E-RAB Information Item
	
	1..<maxnoofE-RABs>
	
	
	-
	

	>>E-RAB ID
	M
	
	9.3.2.3
	
	-
	

	>>DL Forwarding
	O
	
	9.3.1.33
	
	-
	

	>>Source Transport Layer Address
	O
	
	Transport Layer Address
9.3.2.4
	Identifies the TNL address used by the sending node for direct data forwarding
towards the target NG-RAN node
	YES
	ignore

	>>Source Node Transport Layer Address
	O
	
	Transport Layer Address
9.3.2.4
	Identifies the TNL address used by the source SN node for direct data forwarding
towards the target NG-RAN node
	YES
	ignore

	Target Cell ID
	M
	
	NG-RAN CGI
9.3.1.73
	
	-
	

	Index to RAT/Frequency Selection Priority
	O
	
	9.3.1.61
	
	-
	

	UE History Information
	M
	
	9.3.1.95
	
	-
	

	SgNB UE X2AP ID
	O
	
	9.3.1.127
	Allocated at the Source en-gNB
	-
	

	UE History Information from UE
	O
	
	9.3.1.166
	
	YES
	ignore

	Source Node ID
	O
	
	9.3.1.195
	Source SN ID
	YES
	ignore

	UE Context Reference at Source
	O
	
	RAN UE NGAP ID 
9.3.3.2
	
	YES
	ignore

	MBS Active Session Information Source to Target List
	
	0..1
	
	
	YES
	ignore

	>MBS Active Session Information Source to Target Item
	
	1..<maxnoofMBSSessionsofUE>
	
	
	-
	

	>>MBS Session ID
	M
	
	9.3.1.206
	
	-
	

	>>MBS Area Session ID
	O
	
	9.3.1.207
	If included, this IE indicates the MBS Area Session ID of the UE at the NG-RAN node from which the UE context is transferred
	-
	

	>>MBS Service Area
	O
	
	9.3.1.208
	Included if available in source NG-RAN node.
	-
	

	>>MBS QoS Flows To Be Setup List
	M
	
	9.3.1.236
	
	-
	

	>>MBS Mapping and Data Forwarding Request List
	
	0..1
	
	
	-
	

	>>>MBS Mapping and Data Forwarding Request Item
	
	1..<maxnoofMRBs>
	
	
	-
	

	>>>>MRB ID
	M
	
	9.3.1.218
	
	-
	

	>>>>MBS QoS Flow List
	
	1..<maxnoofMBSQoSflows>
	
	
	-
	

	>>>>>MBS QoS Flow Identifier
	M
	
	QoS Flow Identifier
9.3.1.51
	
	-
	

	>>>>MRB Progress Information
	O
	
	9.3.1.219
	The SN information of the last packet which has already been delivered for the MRB. 
	-
	

	QMC Configuration Information
	O
	
	9.3.1.223
	Used for passing the QoE measurement information from the source NG-RAN node to the target NG-RAN node.
	YES
	ignore

	NGAP IE Support Information Request List
	
	0..1
	
	
	YES
	ignore

	>NGAP IE Support Information Request Item
	
	1..<maxnoofIESupportInfo>
	
	
	-
	

	>>NGAP Protocol IE-Id
	M
	
	9.3.1.239
	
	-
	

	Handover Window Start
	O
	
	INTEGER (0..549755813887)
	Corresponds to t1-Threshold-r17 defined in TS 38.331 [10]
	YES
	ignore

	Handover Window Duration
	O
	
	INTEGER (1..6000)
	Corresponds to duration-r17 defined in TS 38.331 [10]
	YES
	ignore

	Serving Cell Stop Time
	O
	
	INTEGER (0..549755813887)
	Corresponds to t-Service-r17 defined in TS 38.331 [10]
	YES
	ignore


	Range bound
	Explanation

	maxnoofPDUSessions
	Maximum no. of PDU sessions allowed towards one UE. Value is 256.

	maxnoofQoSFlows
	Maximum no. of QoS flows allowed within one PDU session. Value is 64.

	maxnoofE-RABs
	Maximum no. of E-RABs allowed towards one UE. Value is 256.

	maxnoofMBSSessions
	Maximum no. of MBS sessions allowed within one PDU session. Value is 32.

	maxnoofMBSSessionsofUE
	Maximum no. of MBS sessions allowed towards one UE. Value is 256.

	maxnoofMBSQoSflows
	Maximum no. of MBS QoS flows allowed within one MBS session. Value is 64.

	maxnoofMRBs
	Maximum no. of MRBs. Value is 32.

	maxnoofIESupportInfo
	Maximum no. of IE Support Information. Value is 32.


NEXT CHANGE

9.4.5
Information Element Definitions

-- ASN1START
-- **************************************************************
--
-- Information Element Definitions
--
-- **************************************************************
NGAP-IEs {
itu-t (0) identified-organization (4) etsi (0) mobileDomain (0) 
ngran-Access (22) modules (3) ngap (1) version1 (1) ngap-IEs (2) }
DEFINITIONS AUTOMATIC TAGS ::= 
BEGIN
IMPORTS

id-AdditionalDLForwardingUPTNLInformation,

id-AdditionalULForwardingUPTNLInformation,

id-AdditionalDLQosFlowPerTNLInformation,

id-AdditionalDLUPTNLInformationForHOList,

id-AdditionalNGU-UP-TNLInformation,

id-AdditionalRedundantDL-NGU-UP-TNLInformation,

id-AdditionalRedundantDLQosFlowPerTNLInformation,

id-AdditionalRedundantNGU-UP-TNLInformation,

id-AdditionalRedundantUL-NGU-UP-TNLInformation,

id-AdditionalUL-NGU-UP-TNLInformation,

id-AlternativeQoSParaSetList,

id-BurstArrivalTimeDownlink,

id-Cause,

id-CHO-HandoverWindowStart,

id-CHO-HandoverWindowDuration,

id-CHO-ServingCellStopTime,

id-CNPacketDelayBudgetDL,

id-CNPacketDelayBudgetUL,

id-CNTypeRestrictionsForEquivalent,

id-CNTypeRestrictionsForServing,
UNCHANGED PART OMITTED
CEmodeBrestricted ::= ENUMERATED {

restricted,

not-restricted,

...
}
CHO-HandoverWindowStart ::= INTEGER (0.. 549755813887)
CHO-HandoverWindowDuration ::= INTEGER (1..6000)
CHO-ServingCellStopTime ::= INTEGER (0.. 549755813887)
CNAssistedRANTuning ::= SEQUENCE {

expectedUEBehaviour




ExpectedUEBehaviour






OPTIONAL,

iE-Extensions

ProtocolExtensionContainer { {CNAssistedRANTuning-ExtIEs} }
OPTIONAL,

...
}
UNCHANGED PART OMITTED
SONInformationRequest ::= ENUMERATED { 

xn-TNL-configuration-info,

...
}
SourceNGRANNode-ToTargetNGRANNode-TransparentContainer ::= SEQUENCE {

rRCContainer






RRCContainer,

pDUSessionResourceInformationList

PDUSessionResourceInformationList












OPTIONAL,

e-RABInformationList




E-RABInformationList















OPTIONAL,

targetCell-ID






NGRAN-CGI,

indexToRFSP







IndexToRFSP


















OPTIONAL,

uEHistoryInformation




UEHistoryInformation,

iE-Extensions

ProtocolExtensionContainer { {SourceNGRANNode-ToTargetNGRANNode-TransparentContainer-ExtIEs} }
OPTIONAL,

...
}
SourceNGRANNode-ToTargetNGRANNode-TransparentContainer-ExtIEs NGAP-PROTOCOL-EXTENSION ::= {

{ ID id-SgNB-UE-X2AP-ID







CRITICALITY ignore
EXTENSION SgNB-UE-X2AP-ID 






PRESENCE optional

}|

{ ID id-UEHistoryInformationFromTheUE



CRITICALITY ignore
EXTENSION UEHistoryInformationFromTheUE


PRESENCE optional

}|

{ ID id-SourceNodeID







CRITICALITY ignore
EXTENSION SourceNodeID







PRESENCE optional

}|

{ ID id-UEContextReferenceAtSource 




CRITICALITY ignore
EXTENSION RAN-UE-NGAP-ID







PRESENCE optional

}|

{ ID id-MBS-ActiveSessionInformation-SourcetoTargetList
CRITICALITY ignore
EXTENSION MBS-ActiveSessionInformation-SourcetoTargetList

PRESENCE optional

}|

{ ID id-QMCConfigInfo







CRITICALITY ignore
EXTENSION QMCConfigInfo







PRESENCE optional

}|

{ ID id-NGAPIESupportInformationRequestList


CRITICALITY ignore
EXTENSION NGAPIESupportInformationRequestList
PRESENCE optional

}|

{ ID id-CHO-HandoverWindowStart





CRITICALITY ignore
EXTENSION CHO-HandoverWindowStart
PRESENCE optional}|

{ ID id-CHO-HandoverWindowDuration




CRITICALITY ignore
EXTENSION CHO-HandoverWindowDuration
PRESENCE optional}|

{ ID id-CHO-ServingCellStopTime





CRITICALITY ignore
EXTENSION CHO-ServingCellStopTime
PRESENCE optional},


...
}
SourceNodeID ::= CHOICE {


sourceengNB-ID


GlobalGNB-ID,


choice-Extensions

ProtocolIE-SingleContainer { { SourceNodeID-ExtIEs} }

}

SourceNodeID-ExtIEs NGAP-PROTOCOL-IES ::= {


...

}

SourceOfUEActivityBehaviourInformation ::= ENUMERATED {

subscription-information,

statistics,

...
}
SourceRANNodeID ::= SEQUENCE {

globalRANNodeID

GlobalRANNodeID,

selectedTAI


TAI,

iE-Extensions

ProtocolExtensionContainer { {SourceRANNodeID-ExtIEs} } OPTIONAL,

...
}
SourceRANNodeID-ExtIEs NGAP-PROTOCOL-EXTENSION ::= {

...
}
SourceToTarget-TransparentContainer ::= OCTET STRING
-- This IE includes a transparent container from the source RAN node to the target RAN node. 
-- The octets of the OCTET STRING are encoded according to the specifications of the target system.
SourceToTarget-AMFInformationReroute ::= SEQUENCE {

configuredNSSAI




ConfiguredNSSAI













OPTIONAL,

rejectedNSSAIinPLMN



RejectedNSSAIinPLMN












OPTIONAL,

rejectedNSSAIinTA



RejectedNSSAIinTA












OPTIONAL,

iE-Extensions

ProtocolExtensionContainer { {SourceToTarget-AMFInformationReroute-ExtIEs} }
OPTIONAL,

...
}
SourceToTarget-AMFInformationReroute-ExtIEs NGAP-PROTOCOL-EXTENSION ::= {

...
}
-- This IE includes information from the source Core node to the target Core node for reroute information provide by NSSF. 
-- The octets of the OCTET STRING are encoded according to the specifications of the Core network.
SRVCCOperationPossible ::= ENUMERATED {

possible, 

notPossible,

...
}
UNCHANGED PART OMITTED
NEXT CHANGE
9.4.7
Constant Definitions

-- ASN1START
-- **************************************************************
--
-- Constant definitions
--
-- **************************************************************
NGAP-Constants { 
itu-t (0) identified-organization (4) etsi (0) mobileDomain (0) 
ngran-Access (22) modules (3) ngap (1) version1 (1) ngap-Constants (4) } 
DEFINITIONS AUTOMATIC TAGS ::= 
BEGIN
UNCHANGED PART OMITTED

id-MBS-SessionTNLInfo5GC







ProtocolIE-ID ::= 352


id-TAINSAGSupportList








ProtocolIE-ID ::= 353

id-SourceNodeTNLAddrInfo








ProtocolIE-ID ::= 354

id-NGAPIESupportInformationRequestList




ProtocolIE-ID ::= 355

id-NGAPIESupportInformationResponseList




ProtocolIE-ID ::= 356

id-MBS-SessionFSAIDList








ProtocolIE-ID ::= 357

id-MBSSessionReleaseResponseTransfer





ProtocolIE-ID ::= 358

id-ManagementBasedMDTPLMNModificationList



ProtocolIE-ID ::= 359


id-CHO-HandoverWindowStart







ProtocolIE-ID ::= a

id-CHO-HandoverWindowDuration






ProtocolIE-ID ::= b

id-CHO-ServingCellStopTime







ProtocolIE-ID ::= c
END
-- ASN1STOP
END OF CHANGES
