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1. Introduction

For NR, the following was agreed in RAN2#123bis:
	
· For location-based CHO for earth-moving cells, re-use the procedure from cell reselection as baseline to derive the candidate cell’s reference location as the cell moves (FFS on how to signal the needed parameters, e.g. ephemeris and Epoch time)




In IoT-NTN, the following has been agreed so far.
	
RAN2#119-e
CHO enhancements for eMTC NTN (i.e. time/timer based solution) are introduced based on the R17 NR NTN solution. FFS on location-based solution

RAN2#119bis-e
CHO enhancements for eMTC NTN (i.e. time/timer based solution) are introduced based on the R17 NR NTN solution. FFS on location-based solution

RAN2#120
CHO enhancements for eMTC NTN (i.e. time/timer based solution) are introduced based on the R17 NR NTN solution. FFS on location-based solution

RAN2#121
Location-based connected mode measurement initiation is supported in quasi-Earth-fixed cell (UE is not required to update the GNSS location for this). A serving cell reference location and a distance threshold/radius for detecting when to trigger connected mode measurements will be broadcast for quasi-Earth-fixed cell. FFS on whether the R17 IEs are reused or not. FFS if the same mechanism can also be used in idle (like in NR-NTN)

Location-based connected mode measurement initiation is supported in earth-moving cell (UE is not required to update the GNSS location for this). A serving cell reference location and a distance threshold/radius for detecting when to trigger connected mode measurements will be broadcast for earth-moving cell. FFS on whether the R17 IEs are reused or not. FFS on whether additional information needs to be broadcast to inform the UE how the reference location moves over time or if this can be derived from other information (e.g. Epoch time and ephemeris). FFS if the same mechanism can also be used in idle (like in NR-NTN)

RAN2#121bis
For moving cell, the UE can derive the trajectory of serving cell with rough accuracy based on serving satellite ephemeris and epochTime, with the assumption that the serving cell reference location broadcast by the network is the one at Epoch time (like in NR-NTN)

For eMTC NTN, for moving cell, location-based measurement initiation can also be used in RRC_IDLE for cell re-selection purposes (like in NR-NTN). FFS whether to consider solution that does not require UE to update the GNSS for this same as in connected mode

RAN2#123
For CHO in NTN (both NR NTN and eMTC NTN, time and location-based trigger conditions may be configured independently (i.e., without a jointly configured measurement condition). We add a description/note saying in which scenarios this is reasonable, e.g. at least hard-switch case where gap is assumed to be zero/negligible

RAN2#123bis
Separate reference locations are introduced for earth-quasi fixed cells and earth-moving cells.





In this paper we discuss how to enable location based CHO for earth-moving cells, considering the R18 enhancements in NR.
2. Discussion   

As per the agreements in the previous meetings, location based CHO will be introduced for IoT-NTN based on the solution in NR. Additionally, it was agreed to have separate reference location IEs for the serving cell for fixed and moving cell. 

In R18, it has been agreed for NR to enhance location based CHO by deriving the candidate cell’s reference location based on ephemeris and epoch time as can be done for RRC_IDLE. 

We think that the same enhancement can be introduced for IoT-NTN, and is particularly useful to have. 

Proposal 1: For location-based CHO for earth-moving cells, support deriving the candidate cell’s reference location as the cell moves (as in R18 NR)

In the case of NR, since location based CHO was initially introduced in R18, then an extension is needed to support signaling of whether the candidate cell is moving, and the relevant parameters. A non-critical extension is likely needed, at least for the indication of whether the candidate cell reference location is fixed or moving. The epoch time and ephemeris may be obtained from the candidate cell ntn-Config.

However, for IoT-NTN, since we are introducing support for CHO in R18, there is no need for extension, but rather the support for fixed/moving location in the CHO configuration can be introduced from the beginning. 

Proposal 2: Support configuration of fixed or moving reference referenceLocation1 and referenceLocation2 in condEventD1.
 
In IoT-NTN, the epochTime and ephemerisInfo are not provided as part of the ntn-Config, they are signalled in SIB31 (ServingSatelliteInfo) for the serving cell, and SIBXX (NeighSatelliteInfoList) for neighbour cells. It cannot be assumed that the UE always has the information from SIBXX for a particular candidate cell to use for CHO, therefore epochTime and ephemerisInfo need to be included in the dedicated signalling. This can either be introduced in the event configuration or the ntn-ConfigDedicated for the candidate cell. To align with NR, and allow for potential future use of epochTime and ephemerisInfo for purposes other than event D1, we propose to include in RadioResourceConfigDedicated.

Proposal 3: Introduce epochTime and ephemerisInfo in RadioResourceConfigDedicated so that these can be provided for the CHO candidate cell.

In order to support updating moving cell, the following TP (based on the latest running CR) is provided:
	CondReconfigurationTriggerEUTRA-r16 ::= SEQUENCE {
	condEventId-r16							CHOICE {
		condEventA3-r16							SEQUENCE {
			a3-Offset-r16								INTEGER (-30..30),
			hysteresis-r16								Hysteresis,
			timeToTrigger-r16							TimeToTrigger
		},
		condEventA5-r16							SEQUENCE {
			a5-Threshold1-r16							ThresholdEUTRA,
			a5-Threshold2-r16							ThresholdEUTRA,
			hysteresis-r16								Hysteresis,
			timeToTrigger-r16							TimeToTrigger
		},
		...,
        [[
		condEventA4-r18							SEQUENCE {
			a4-Threshold-r18							ThresholdEUTRA,
			hysteresis-r18								Hysteresis,
			timeToTrigger-r18							TimeToTrigger
		},
        condEventD1-r18                                 SEQUENCE {
            distanceThreshFromReference1-r18 			INTEGER(0.. 65535),
            distanceThreshFromReference2-r18 			INTEGER(0.. 65535),
		referenceLocation1-r18			CHOICE {
			fixedCell-r18					ReferenceLocation-r18,
			movingCell-r18					ReferenceLocation-r18
		},

		referenceLocation2-r18			CHOICE {
			fixedCell-r18					ReferenceLocation-r18,
			movingCell-r18					ReferenceLocation-r18
},

            hysteresisLocation-r18           			HysteresisLocation-r18,
            timeToTrigger-r18                			TimeToTrigger
        },
        condEventT1-r18                                 SEQUENCE {
            t1-Threshold-r18                 			INTEGER (0..549755813887),
            duration-r18                     			INTEGER (1..6000)
        }

        ]]
	}
}






	RadioResourceConfigDedicated ::=		SEQUENCE {
	srb-ToAddModList					SRB-ToAddModList			OPTIONAL,		-- Cond HO-Conn
	drb-ToAddModList					DRB-ToAddModList			OPTIONAL,		-- Cond HO-toEUTRA
	drb-ToReleaseList					DRB-ToReleaseList			OPTIONAL,		-- Need ON
	mac-MainConfig						CHOICE {
			explicitValue					MAC-MainConfig,
			defaultValue					NULL
	}		OPTIONAL,																-- Cond HO-toEUTRA2
	sps-Config							SPS-Config					OPTIONAL,		-- Need ON
	physicalConfigDedicated				PhysicalConfigDedicated		OPTIONAL,		-- Need ON
	...,
	[[	rlf-TimersAndConstants-r9		RLF-TimersAndConstants-r9			OPTIONAL	-- Need ON
	]],
	[[	measSubframePatternPCell-r10	MeasSubframePatternPCell-r10		OPTIONAL	-- Need ON
	]],
	[[	neighCellsCRS-Info-r11			NeighCellsCRS-Info-r11				OPTIONAL	-- Need ON
	]],
	[[	naics-Info-r12				NAICS-AssistanceInfo-r12			OPTIONAL	-- Need ON
	]],
	[[	neighCellsCRS-Info-r13			NeighCellsCRS-Info-r13				OPTIONAL,	-- Cond CRSIM
		rlf-TimersAndConstants-r13		RLF-TimersAndConstants-r13			OPTIONAL	-- Need ON
	]],
	[[	sps-Config-v1430				SPS-Config-v1430					OPTIONAL	-- Cond SPS
	]],
	[[	srb-ToAddModListExt-r15			SRB-ToAddModListExt-r15				OPTIONAL,	-- Need ON
		srb-ToReleaseListExt-r15		INTEGER (4)							OPTIONAL,	-- Need ON

		sps-Config-v1530				SPS-Config-v1530					OPTIONAL,	-- Need ON

		crs-IntfMitigConfig-r15	CHOICE {
			release					NULL,
			setup					CHOICE {
				crs-IntfMitigEnabled			NULL,
				crs-IntfMitigNumPRBs	ENUMERATED {n6, n24}
			}
		}											OPTIONAL,		-- Need ON
		neighCellsCRS-Info-r15			NeighCellsCRS-Info-r15		OPTIONAL,	-- Need ON
		drb-ToAddModList-r15			DRB-ToAddModList-r15		OPTIONAL,		-- Need ON
		drb-ToReleaseList-r15			DRB-ToReleaseList-r15		OPTIONAL,		-- Need ON
		dummy							SEQUENCE (SIZE (1..2)) OF INTEGER (1..2)	OPTIONAL	-- Need ON
	]],
	[[	sps-Config-v1540				SPS-Config-v1540					OPTIONAL	-- Need ON
	]],
[bookmark: _Hlk29296184]	[[
		rlf-TimersAndConstantsMCG-Failure-r16	RLF-TimersAndConstantsMCG-Failure-r16
														OPTIONAL,	-- Cond Split-SRB1-SRB3
		crs-ChEstMPDCCH-ConfigDedicated-r16	SetupRelease{CRS-ChEstMPDCCH-ConfigDedicated-r16}	OPTIONAL,	-- Need ON
		newUE-Identity-r16				C-RNTI						OPTIONAL		-- Need OP
	]],
	[[	harq-FeedbackEnablingforSPSactive-r18	ENUMERATED {enabled}	OPTIONAL,	-- Need OR
	ephemerisInfo-r17			CHOICE {
		stateVectors				EphemerisStateVectors-r17,
		orbitalParameters			EphemerisOrbitalParameters-r17
	},
	epochTime-r17					SEQUENCE {
		startSFN-r17					INTEGER (0..1023),
		startSubFrame-r17				INTEGER (0..9)
	}	
    ]]
}




3. Conclusion
In this contribution we discuss the enhancement of location-based CHO for earth moving cells and have the following proposals:

Proposal 1: For location-based CHO for earth-moving cells, support deriving the candidate cell’s reference location as the cell moves (as in R18 NR)

Proposal 2: Support configuration of fixed or moving reference referenceLocation1 and referenceLocation2 in condEventD1.
 
Proposal 3: Introduce epochTime and ephemerisInfo in RadioResourceConfigDedicated so that these can be provided for the CHO candidate cell.
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