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1	Introduction
The speed dependent mobility has been specified for HO measurement in LTE from the initial release to improve the mobility performance. In this paper, we further discuss the corresponding issue of speed dependent mobility in connected state for NR.
2	Discussion
2.1	Speed dependent mobility in LTE connected state, including for EN-DC
In LTE homogeneous network, the handover regions are roughly of the same size for all handovers, since the cell size is similar. Thus the time duration that the UE spends in the handover region is mostly affected by the UE’s moving speed. The higher the speed is, the smaller the time duration is. In order for better mobility performance, the speed dependent mobility is introduced to adjust time to trigger based on the UE’s mobility status estimation (MSE). 
For UE in RRC_CONNECTED state, the mobility state dependent scaling is as following steps [1]:
· UE shall apply speed state parameters (e.g. evaluation time, thresholds and scaling factors for medium and high speed state) from measurement configuration; 
· [bookmark: OLE_LINK21][bookmark: OLE_LINK22]The UE shall perform mobility state detection using the mobility state detection as specified in TS 36.304 [2] with difference on counting handovers instead of cell reselections; 
· The UE applies speed dependent scaling factor for timeToTrigger according to the detected UE mobility state.
With the small cell deployment becoming more popular, the Het-Net deployment introduces more challenges for handover. The cell size can vary dramatically from macro to pico, thus the handover region size can vary significantly for different size of serving and target cells. Hence, the time duration that the UE spends in the handover region depends on both UE’s moving speed and the cell size. The MSE mechanism in Rel-12 is enhanced by the UE’s reporting the history cell list and time of stay (ToS) in each cell. After the UE establishes the RRC connection, eNB can estimate the UE’s moving speed and adjust the handover parameters for the UE accordingly. 
In current LTE specification, inter-RAT measurement for NR has been introduced for EN-DC. Speed state parameters in current specification is configured per UE, therefore it would also apply to the measurement on NR frequency.
Observation 1: in TS 36.331 v15.0.0, the TTT for inter-RAT NR measurements is scaled according to LTE mobility state.
2.2	Speed dependent mobility support for NR measurements configured by SN in EN-DC and in NR connected state
In EN-DC, if the MN configures inter-RAT NR measurements, TTT for the configured events will be scaled according to UE mobility state. Therefore, there should be the possibility to do similar scaling of TTT for NR measurements configured by the SN. As the MN and the SN can configure NR measurements independently, it seems easier that the SN provides the relevant information to scale measurements configured by the SN.
For NR standalone, the cell layout could be homogeneous or heterogeneous, as agreed in TR 38.804. It needs to support mobility in high frequency deployment scenarios which results in smaller cell coverage. Due to the large path loss and fragile channel behaviour, handover in NR may be more frequent than in LTE. Supporting speed dependent mobility in NR also will improve NR mobility performance, and a simple approach would be to use the same mechanism of speed dependent mobility like LTE.
Proposal 1: adopt for 38.331 the same mechanism like 36.331 for TTT scaling based on MSE.
For standalone NR, the MSE will be based on PCell mobility. For EN-DC, since SN measurements are configured by the SN, it seems simple to use the NR mobility state based on NR SpCell changes both for NR standalone case and for NR measurements configured by SN in EN-DC case. The same could naturally apply for NE-DC as well (LTE measurements configured by MN).
Proposal 2: for NR or LTE measurements configured according to 38.331 (standalone, by MN or by SN), TTT can be scaled according to mobility state evaluated based on NR SpCell of the corresponding cell groups. 
With the introduction of beam based operation for NR, the UE connected-state mobility is subject to both layer 3 mobility with RRC involvement and beam switching without RRC involvement. According to the measurement of the beam quality, a typical serving beam switching procedure triggers the beam-level change within a cell. It should be noted that there may be multiple beams serving the connection for the UE. 
3	Conclusion
In this document, we discussed the MSE in NR and we proposed: 
Observation 1: the current LTE specification, speed dependent mobility measurement is supported for NR frequency measurement.
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]Proposal 1:  adopt for 38.331 the same mechanism like 36.331 for TTT scaling based on MSE.
Proposal 2: for NR or LTE measurements configured according to 38.331 (standalone, by MN or by SN), TTT can be scaled according to mobility state evaluated based on NR SpCell of the corresponding cell groups.
A TP for 38.331 is included below
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The network applies the procedure as follows:
-	to ensure that, whenever the UE has a measConfig, it includes a measObject for each serving frequency;
[bookmark: _Hlk497717100]Editor’s Note: FFS How the procedure is used for CGI reporting.
The UE shall:
1>	if the received measConfig includes the measObjectToRemoveList:
2>	perform the measurement object removal procedure as specified in 5.5.2.4;
1>	if the received measConfig includes the measObjectToAddModList:
2>	perform the measurement object addition/ modification procedure as specified in 5.5.2.5;
1>	if the received measConfig includes the reportConfigToRemoveList:
2>	perform the reporting configuration removal procedure as specified in 5.5.2.6;
1>	if the received measConfig includes the reportConfigToAddModList:
2>	perform the reporting configuration addition/ modification procedure as specified in 5.5.2.7;
1>	if the received measConfig includes the measIdToRemoveList:
2>	perform the measurement identity removal procedure as specified in 5.5.2.2;
1>	if the received measConfig includes the measIdToAddModList:
2>	perform the measurement identity addition/ modification procedure as specified in 5.5.2.3;
1>	if the received measConfig includes the measGapConfig:
2>	perform the measurement gap configuration procedure as specified in 5.5.2.9;
1>	if the received measConfig includes the s-MeasureConfig:
2>	if s-MeasureConfig is set to ssb-rsrp, set parameter ssb-rsrp of s-MeasureConfig within VarMeasConfig to the lowest value of the RSRP ranges indicated by the received value of s-MeasureConfig;
2>	else, set parameter csi-rsrp of s-MeasureConfig within VarMeasConfig to the lowest value of the RSRP ranges indicated by the received value of s-MeasureConfig;
1>	if the received measConfig includes the speedStatePars:
2>	set the parameter speedStatePars within VarMeasConfig to the received value of speedStatePars;
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[bookmark: _Toc494149776]5.5.x	Measurement related actions
5.5.x.a	Mobility states of a UE
Besides Normal-mobility state a High-mobility and a Medium-mobility state are applicable if the parameters (TCRmax, NCR_H, NCR_M and TCRmaxHyst) are with VarMeasConfig. 
State detection criteria:
Medium-mobility state criteria:
-	If number of cell changes (handover) during time period TCRmax exceeds NCR_M and not exceeds NCR_H
High-mobility state criteria:
-	If number of cell changes during time period TCRmax exceeds NCR_H
The UE shall not count consecutive changes between same two cells into mobility state detection criteria if same cell is changed just after one other change.

State transitions:
The UE shall:
-	if the criteria for High-mobility state is detected:
-	enter High-mobility state.
-	else if the criteria for Medium-mobility state is detected:
-	enter Medium-mobility state.
-	else if criteria for either Medium- or High-mobility state is not detected during time period TCRmaxHyst:
-	enter Normal-mobility state.
If the UE is in High- or Medium-mobility state, the UE shall apply the speed dependent scaling rules as defined in subclause 5.5.x.b.
[bookmark: _Toc494149778]5.5.x.b	Speed dependant scaling of measurement related parameters
The UE shall adjust the value of the following parameter configured by the NR depending on the UE speed: timeToTrigger. The UE shall apply 3 different levels, which are selected as follows:
The UE shall:
1>	perform mobility state detection using the mobility state detection as specified in subclause 5.5.x.a with the following modifications:
2>	applying the parameter applicable for RRC_CONNECTED as included in speedStatePars within VarMeasConfig;
1>	if high mobility state is detected:
2>	use the timeToTrigger value multiplied by sf-High within VarMeasConfig;
1>	else if medium mobility state is detected:
2>	use the timeToTrigger value multiplied by sf-Medium within VarMeasConfig;
1>	else:
2>	no scaling is applied;
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–	MeasConfig
The IE MeasConfig specifies measurements to be performed by the UE, and covers intra-frequency, inter-frequency and inter-RAT mobility as well as configuration of measurement gaps.
MeasConfig information element
-- ASN1START
-- TAG-MEAS-CONFIG-START

MeasConfig ::=							SEQUENCE {
	-- Measurement objects
	measObjectToRemoveList					MeasObjectToRemoveList											OPTIONAL,
	measObjectToAddModList					MeasObjectToAddModList											OPTIONAL,

	-- Reporting configurations
	reportConfigToRemoveList				ReportConfigToRemoveList										OPTIONAL,
	reportConfigToAddModList				ReportConfigToAddModList										OPTIONAL,

	-- Measurement identities
	measIdToRemoveList						MeasIdToRemoveList												OPTIONAL,
	measIdToAddModList						MeasIdToAddModList												OPTIONAL,

	-- Other parameters
	-- s-Measure config
	s-MeasureConfig							CHOICE {
		ssb-rsrp								RSRP-Range,						
		csi-rsrp								RSRP-Range						
	} 																										OPTIONAL,
	speedStatePars			CHOICE {
		release								NULL,
		setup								SEQUENCE {
			mobilityStateParameters				MobilityStateParameters,
			timeToTrigger-SF					SpeedStateScaleFactors
		}
	}														OPTIONAL,	-- Need N


	quantityConfig						QuantityConfig														OPTIONAL,

	-- Placehold for measGapConfig
	measGapConfig							MeasGapConfig													OPTIONAL
}

MeasObjectToRemoveList ::=				SEQUENCE (SIZE (1..maxNrofObjectId)) OF MeasObjectId

MeasIdToRemoveList ::=					SEQUENCE (SIZE (1..maxNrofMeasId)) OF MeasId

ReportConfigToRemoveList ::=			SEQUENCE (SIZE (1..maxNrofReportConfigId)) OF ReportConfigId

-- TAG-MEAS-CONFIG-STOP
-- ASN1STOP
	[bookmark: OLE_LINK2]NEXT CHANGE


[bookmark: _Toc501138302][bookmark: _Toc500942732]–	MeasResults
The IE MeasResults covers measured results for intra-frequency, inter-frequency and inter- RAT mobility.
MeasResults information element
-- ASN1START
-- TAG-MEAS-RESULTS-START

MeasResults ::=								SEQUENCE {
	measId										MeasId,
	measResultServingFreqList					MeasResultServFreqList,
	measResultNeighCells						CHOICE {
		measResultListNR							MeasResultListNR,
		measResultListEUTRA							MeasResultListEUTRA,
		...
	}																														OPTIONAL
}

MeasResultServFreqList ::=					SEQUENCE (SIZE (1..maxNrofSCells)) OF MeasResultServFreq

MeasResultServFreq ::=						SEQUENCE {
	servFreqId									ServCellIndex																OPTIONAL,
	measResultServingCell						MeasResultNR,
	measResultBestNeighCell						MeasResultNR															
}

MeasResultListNR ::=						SEQUENCE (SIZE (1..maxCellReport)) OF MeasResultNR

MeasResultNR ::=							SEQUENCE {
	physCellId									PhysCellId																	OPTIONAL,
	--FFS: Details of cgi info 
	cgi-Info									ENUMERATED {ffsTypeAndValue},
	measResult									SEQUENCE {
		cellResults									SEQUENCE{
			resultsSSBCell								ResultsSSBCell														OPTIONAL,
			resultsCSI-RSCell 							ResultsCSI-RSCell													OPTIONAL
		},
		rsIndexResults								SEQUENCE{
			resultsSSB-Indexes							ResultsPerSSB-IndexList												OPTIONAL, 
			resultsCSI-RSIndexes						ResultsPerCSI-RSIndexList 											OPTIONAL
		}																													OPTIONAL
	}
}

ResultsSSBCell ::= 							SEQUENCE {
	ssb-Cellrsrp								RSRP-Range																	OPTIONAL,
	ssb-Cellrsrq								RSRQ-Range																	OPTIONAL,
	ssb-Cellsinr								SINR-Range																	OPTIONAL
}

ResultsCSI-RSCell ::= 						SEQUENCE {
	csi-rs-Cellrsrp								RSRP-Range																	OPTIONAL,
	csi-rs-Cellrsrq								RSRQ-Range																	OPTIONAL,
	csi-rs-Cellsinr								SINR-Range																	OPTIONAL
}

ResultsPerSSB-IndexList ::= 					SEQUENCE (SIZE (1..maxNrofSSBs)) OF ResultsPerSSB-Index

ResultsPerSSB-Index ::= 						SEQUENCE {
	ssb-Index									SSB-Index,
	ss-rsrp										RSRP-Range																	OPTIONAL,
	ss-rsrq										RSRQ-Range																	OPTIONAL,
	ss-sinr										SINR-Range																	OPTIONAL
}

ResultsPerCSI-RSIndexList ::= 				SEQUENCE (SIZE (1..maxNrofCSI-RS)) OF ResultsPerCSI-RSIndex

ResultsPerCSI-RSIndex ::= 					SEQUENCE {
	csi-rsIndex									CSI-RSIndex,
	csi-rsrp									RSRP-Range																	OPTIONAL,
	csi-rsrq									RSRQ-Range																	OPTIONAL,
	csi-sinr									SINR-Range																	OPTIONAL
}

-- TAG-MEAS-RESULTS-STOP
-- ASN1STOP
[bookmark: _Toc494150138]–	MobilityStateParameters
The IE MobilityStateParameters contains parameters to determine UE mobility state.
MobilityStateParameters rmation element
-- ASN1STA

MobilityStateParameters ::=			SEQUENCE {
	t-Evaluation						ENUMERATED {
											s30, s60, s120, s180, s240, spare3, spare2, spare1},
	t-HystNormal						ENUMERATED {
											s30, s60, s120, s180, s240, spare3, spare2, spare1},
	n-CellChangeMedium					INTEGER (1..16),
	n-CellChangeHigh					INTEGER (1..16)
}

-- ASN1STOP

	MobilityStateParameters field descriptions

	n-CellChangeHigh
The number of cell changes to enter high mobility state. Corresponds to NCR_H in subclause 5.5.x.a.

	n-CellChangeMedium
The number of cell changes to enter medium mobility state. Corresponds to NCR_M in subclause 5.5.x.a.

	t-Evaluation
The duration for evaluating criteria to enter mobility states. Corresponds to TCRmax in subclause 5.5.x.a. Value in seconds, s30 corresponds to 30 s and so on.

	t-HystNormal
The additional duration for evaluating criteria to enter normal mobility state. Corresponds to TCRmaxHyst in subclause 5.5.x.a. Value in seconds, s30 corresponds to 30 s and so on.
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The SubcarrierSpacing IE determines the subcarrier spacing.
SubcarrierSpacing information element
-- ASN1START
-- TAG-SUBCARRIER-SPACING-START

-- Check value range! Currently used for subcarrierSpacingCommon (SIB1, Msg2, Msg4
-- FFS: Replace this 2-bit field by a 1-bit field: ENUMERATED {sc1, sc2}. Then define that sc1 = 15 kHz and sc2 = 30 kHz 
-- when carrier frequency < 6 GHz and sc1 = 60 kHz and sc2 = 120 kHz when carrier frequency is > 6GHz?
SubcarrierSpacing ::= 					ENUMERATED {kHz15, kHz30, kHz60, kHz120}

-- 15 or 30 kHz (<6GHz), 120 and 240 kHz (>6GHz). 
SubcarrierSpacingSSB ::= 				ENUMERATED {kHz15, kHz30, kHz120, kHz240}

-- FFS_CHECK: Can probably be removed since PRACH Msg1 uses the SubcarrierSpacing values above.
SubcarrierSpacingRACH ::= 				ENUMERATED {ffsTypeAndValue}

-- TAG-SUBCARRIER-SPACING-STOP
-- ASN1STOP
[bookmark: _Toc494150159]
–	SpeedStateScaleFactors
The IE SpeedStateScaleFactors concerns factors, to be applied when the UE is in medium or high speed state, used for scaling a mobility control related parameter.
SpeedStateScaleFactors rmation element
-- ASN1STA

SpeedStateScaleFactors ::=			SEQUENCE {
	sf-Medium							ENUMERATED {oDot25, oDot5, oDot75, lDot0},
	sf-High								ENUMERATED {oDot25, oDot5, oDot75, lDot0}
}
-- ASN1STOP

	SpeedStateScaleFactors field descriptions

	sf-High
The concerned mobility control related parameter is multiplied with this factor if the UE is in High Mobility state as defined in subclause 5.5.x.a. Value oDot25 corresponds to 0.25, oDot5 corresponds to 0.5, oDot75 corresponds to 0.75 and so on.

	sf-Medium
The concerned mobility control related parameter is multiplied with this factor if the UE is in Medium Mobility state as defined in subclause 5.5.x.a. Value oDot25 corresponds to 0.25, oDot5 corresponds to 0.5, oDot75 corresponds to 0.75 and so on.
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–	VarMeasConfig
The UE variable VarMeasConfig includes the accumulated configuration of the measurements to be performed by the UE, covering intra-frequency, inter-frequency and inter-RAT mobility related measurements.
VarMeasConfig UE variable
-- ASN1START
-- TAG-VAR-MEAS-CONFIG-START

VarMeasConfig ::=					SEQUENCE {
	-- Measurement identities
	measIdList							MeasIdToAddModList					OPTIONAL,
	-- Measurement objects
	measObjectList						MeasObjectToAddModList				OPTIONAL,
	-- Reporting configurations
[bookmark: OLE_LINK86]	reportConfigList					ReportConfigToAddModList			OPTIONAL,
	-- Other parameters
	quantityConfig						QuantityConfig						OPTIONAL,
	
	s-MeasureConfig							CHOICE {
		ssb-rsrp								RSRP-Range,						
		csi-rsrp								RSRP-Range						
	} 																		OPTIONAL
	speedStatePars						CHOICE {
		release								NULL,
		setup								SEQUENCE {
			mobilityStateParameters				MobilityStateParameters,
			timeToTrigger-SF					SpeedStateScaleFactors
		}
	}																		OPTIONAL,


}

-- TAG-VAR-MEAS-CONFIG-STOP
-- ASN1STOP
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