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1	Introduction
The notion of a carrier was very clear in LTE as it was possible to configure only one measurement object per carrier and the ARFCN pointer used in the measurement object is used for identifying the carrier. However, this is no more true in NR as there can be more than one measurement object pointing to the same frequency location of SSB. This will cause ambiguity in understanding the agreements wherein the term ‘carrier’ is used, especially from RAN1. This contribution discusses the existing solutions and their limitation and proposes an LTE like solution.

[bookmark: _Ref178064866]2	Discussion
In the RRM measurements section (section 5 of 38.331 [ref]), the term carrier has been used extensively. It is explicitly mentioned that a measurement object is associated to a NR carrier frequency. All the blacklisted and whitelisted cells are associated with this carrier frequency.
However, based on the latest contents of the measurement object, there can be several scenarios when more than one measurement objects could be pointing to the same frequency. One such scenario is shown in Figure 1. There are two measurement objects, both have the same SSB location and the same CSI-RS reference location. Based on these two values if one defines the ‘carrier frequency’, then there are two measurement objects pointing to the same carrier frequency which was never the case in LTE.   
 [image: ]
[bookmark: _Ref510689373]Figure 1 : Scenario of two measurement object having same frequency pointer location
Additionally, based on the usage of the term ‘carrier frequency’ in the procedural texts, the UE might receive multiple blacklisted cells, whitelisted cells and cell specific offsets based on multiple measurement object for the same ‘carrier frequency’. Though all the measurements performed by the UE are dependent on the measurement object contents for which the UE is configured with a corresponding measID, the procedural text in the specification referring to ‘associated carrier frequency’ instead of ‘associated measurement object’ for the readability.
There are two alternatives that could resolve this issue.
1) Alternative-1: Avoid the usage of the term carrier frequency, carrier cell etc. in the specifications
2) Alternative-2: Introduce a parameter (say carrierFrequencyNR like LTE) in the measurement object that could point to a unique ARFCN location per measurement object i.e., network cannot configure the UE with two measurement objects that have the same carrierFrequencyNR location.
Though alternative-1 avoids introduction of yet another parameter in the specification, the amount of effort required to clean up the specification(s) is significant. Introducing carrierFrequencyNR parameter is a straight forward solution that makes carrier notion to be like LTE.

[bookmark: _Toc347822666][bookmark: _Toc347823812][bookmark: _Toc347823993][bookmark: _Toc347824244][bookmark: _Toc510689542]Avoiding the term ‘carrier frequency’ or ‘carrier cell’ in all the specification requires significant work.
[bookmark: _Toc510689543]Introducing carrierFrequencyNR parameter is a straight forward solution that makes carrier notion to be similar to LTE.

[bookmark: _Toc347823621][bookmark: _Toc347824073][bookmark: _Toc347824246][bookmark: _Toc510689545]Introduce carrierFrequencyNR parameter in the measurement object.

[bookmark: _Ref189046994]3	Text Proposal
*****************************Start of first Change****************************************
[bookmark: _Toc491180872][bookmark: _Toc493510572][bookmark: _Toc500942657][bookmark: _Toc505697468]	5.5.1	Introduction
[bookmark: _Hlk498687390]The network may configure an RRC_CONNECTED UE to perform measurements and report them in accordance with the measurement configuration. The measurement configuration is provided by means of dedicated signalling i.e. using the RRCReconfiguration.
[bookmark: _Hlk496876249]The network may configure the UE to perform the following types of measurements:
-	NR measurements.
-	Inter-RAT measurements of E-UTRA frequencies.
The network may configure the UE to report the following measurement information based on SS/PBCH block(s):
-	Measurement results per SS/PBCH block.
-	Measurement results per cell based on SS/PBCH block(s).
-	SS/PBCH block(s) indexes.
The network may configure the UE to report the following measurement information based on CSI-RS resources:
-	Measurement results per CSI-RS resource.
-	Measurement results per cell based on CSI-RS resource(s).
-	CSI-RS resource measurement identifiers.
The measurement configuration includes the following parameters:
1.	Measurement objects: A list of objects on which the UE shall perform the measurements.
-	For intra-frequency and inter-frequency measurements a measurement object is associated to an NR carrier frequency, as defined by carrierFrequencyNR. Associated with this NR carrier frequency, the network may configure a list of cell specific offsets, a list of 'blacklisted' cells and a list of 'whitelisted' cells. Blacklisted cells are not applicable in event evaluation or measurement reporting. Whitelisted cells are the only ones applicable in event evaluation or measurement reporting. Each measurement object will have a unique carrierFrequencyNR value. 
- 	The UE determines which MO corresponds to each serving cell frequency from the frequencyInfoDL in ServingCellConfigCommon within the serving cell configuration.
-	For inter-RAT E-UTRA measurements a measurement object is a single EUTRA carrier frequency. Associated with this E-UTRA carrier frequency, the network can configure a list of cell specific offsets, a list of 'blacklisted' cells and a list of 'whitelisted' cells. Blacklisted cells are not applicable in event evaluation or measurement reporting. Whitelisted cells are the only ones applicable in event evaluation or measurement reporting.
2.	Reporting configurations: A list of reporting configurations where there can be one or multiple reporting configurations per measurement object. Each reporting configuration consists of the following:
-	Reporting criterion: The criterion that triggers the UE to send a measurement report. This can either be periodical or a single event description. 
[bookmark: _Hlk500775639]-	RS type: The RS that the UE uses for beam and cell measurement results (SS/PBCH block or CSI-RS).
-	Reporting format: The quantities per cell and per beam that the UE includes in the measurement report (e.g. RSRP) and other associated information such as the maximum number of cells and the maximum number beams per cell to report. 
3.	Measurement identities: A list of measurement identities where each measurement identity links one measurement object with one reporting configuration. By configuring multiple measurement identities, it is possible to link more than one measurement object to the same reporting configuration, as well as to link more than one reporting configuration to the same measurement object. The measurement identity is also included in the measurement report that triggered the reporting, serving as a reference to the network.
4.	Quantity configurations: The quantity configuration defines the measurement filtering configuration used for all event evaluation and related reporting of that measurement type. For NR measurements, the network may configure up to 2 quantity configurations with a reference in the NR measurement object to the configuration that is to be used. In each configuration, different filter coefficients can be configured for different measurement quantities, for different RS types, and for measurements per cell and per beam.
5.	Measurement gaps: Periods that the UE may use to perform measurements, i.e. no (UL, DL) transmissions are scheduled.
AUE in RRC_CONNECTED maintains a measurement object list, a reporting configuration list, and a measurement identities list according to signalling and procedures in this specification. The measurement object list possibly includes NR intra-frequency object(s), NR inter-frequency object(s) and inter-RAT objects. Similarly, the reporting configuration list includes NR and inter-RAT reporting configurations. Any measurement object can be linked to any reporting configuration of the same RAT type. Some reporting configurations may not be linked to a measurement object. Likewise, some measurement objects may not be linked to a reporting configuration.
The measurement procedures distinguish the following types of cells:
1.	The NR serving cell(s) - these are the SpCell and one or more SCells.
2.	Listed cells - these are cells listed within the measurement object(s).
3.	Detected cells - these are cells that are not listed within the measurement object(s) but are detected by the UE on the carrier frequency(ies) indicated by the measurement object(s).
For NR measurement object(s), the UE measures and reports on the serving cell(s), listed cells and/or detected cells.
Whenever the procedural specification, other than contained in sub-clause 5.5.2, refers to a field it concerns a field included in the VarMeasConfig unless explicitly stated otherwise i.e. only the measurement configuration procedure covers the direct UE action related to the received measConfig.
*****************************End of first Change****************************************
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ASN.1 
[bookmark: _Toc505697558][bookmark: _Toc500942730][bookmark: _Hlk510688983] –	MeasObjectNR
The IE MeasObjectNR specifies information applicable for SS/PBCH block(s) intra/inter-frequency measurements or CSI-RS intra/inter-frequency measurements.
MeasObjectNR information element
-- ASN1START
-- TAG-MEAS-OBJECT-NR-START

MeasObjectNR ::=							SEQUENCE {
	ssbFrequency								ARFCN-ValueNR															OPTIONAL,
	refFreqCSI-RS								ARFCN-ValueNR															OPTIONAL,
	carrierFrequencyNR							ARFCN-ValueNR															

	--RS configuration (e.g. SMTC window, CSI-RS resource, etc.)
	referenceSignalConfig						ReferenceSignalConfig,													

	--Consolidation of L1 measurements per RS index
	absThreshSS-BlocksConsolidation			ThresholdNR																	OPTIONAL,	-- Need R
	absThreshCSI-RS-Consolidation			ThresholdNR																	OPTIONAL,	-- Need R
																													
	--Config for cell measurement derivation
	nrofSS-BlocksToAverage					INTEGER (2..maxNrofSS-BlocksToAverage)										OPTIONAL,	-- Need R
	nrofCSI-RS-ResourcesToAverage			INTEGER (2..maxNrofCSI-RS-ResourcesToAverage)								OPTIONAL,	-- Need R
																															
	-- Filter coefficients applicable to this measurement object
	quantityConfigIndex							INTEGER (1..maxNrofQuantityConfig),

	--Frequency-specific offsets 
	offsetFreq									Q-OffsetRangeList,

	-- Cell list
	cellsToRemoveList							PCI-List																OPTIONAL,	-- Need N
	cellsToAddModList							CellsToAddModList														OPTIONAL,	-- Need N

	-- Black list
	blackCellsToRemoveList						PCI-RangeIndexList														OPTIONAL,	-- Need N
	blackCellsToAddModList						BlackCellsToAddModList													OPTIONAL,	-- Need N

	-- White list
	whiteCellsToRemoveList						PCI-RangeIndexList														OPTIONAL,	-- Need N
	whiteCellsToAddModList						WhiteCellsToAddModList													OPTIONAL,	-- Need N
	...
}

[bookmark: _Hlk505296466][bookmark: _Hlk500774924]ReferenceSignalConfig::=     			SEQUENCE {
	

	-- SSB configuration for mobility (nominal SSBs, timing configuration)
	ssb-ConfigMobility						SSB-ConfigMobility				OPTIONAL,	-- Need M
	-- CSI-RS resources to be used for CSI-RS based RRM measurements
	csi-rs-ResourceConfigMobility			SetupRelease { CSI-RS-ResourceConfigMobility } OPTIONAL-- Need M		

}

[bookmark: _Hlk496184822][bookmark: _Hlk496185501]-- A measurement timing configuration
SSB-ConfigMobility::= 	SEQUENCE {
		--Only the values 15, 30 or 60 kHz  (<6GHz), 60 or 120 kHz (>6GHz) are applicable
		subcarrierSpacing                    SubcarrierSpacing,
		-- The set of SS blocks to be measured within the SMTC measurement duration. 
		-- Corresponds to L1 parameter 'SSB-measured' (see FFS_Spec, section FFS_Section)
		-- When the field is absent the UE measures on all SS-blocks 
		-- FFS_CHECK: Is this IE placed correctly.
		ssb-ToMeasure							SetupRelease { 
			CHOICE {
				-- bitmap for sub 3 GHz
				shortBitmap							BIT STRING (SIZE (4)),
				-- bitmap for 3-6 GHz
				mediumBitmap						BIT STRING (SIZE (8)),
				-- bitmap for above 6 GHz
				longBitmap							BIT STRING (SIZE (64))
			}
		}																	OPTIONAL,	-- Need M

	-- Indicates whether the UE can utilize serving cell timing to derive the index of SS block transmitted by neighbour cell:
	useServingCellTimingForSync				BOOLEAN,
																									
	-- Primary measurement timing configuration. Applicable for intra- and inter-frequency measurements. 
	smtc1									SEQUENCE {
		-- Periodicity and offset of the measurement window in which to receive SS/PBCH blocks. 
		-- Periodicity and offset are given in number of subframes.
		-- FFS_FIXME: This does not match the L1 parameter table! They seem to intend an index to a hidden table in L1 specs. 
		-- (see 38.213, section REF):
		periodicityAndOffset					CHOICE {
			sf5										INTEGER (0..4),
			sf10									INTEGER (0..9),
			sf20									INTEGER (0..19),
			sf40									INTEGER (0..39),
			sf80									INTEGER (0..79),
			sf160									INTEGER (0..159)
		},
		-- Duration of the measurement window in which to receive SS/PBCH blocks. It is given in number of subframes 
		-- (see 38.213, section 4.1)
		duration								ENUMERATED { sf1, sf2, sf3, sf4, sf5 }
	},

	-- Secondary measurement timing confguration for explicitly signalled PCIs. It uses the offset and duration from smtc1.
	-- It is supported only for intra-frequency measurements in RRC CONNECTED. 
	smtc2 									SEQUENCE {
		-- PCIs that are known to follow this SMTC.
		pci-List								SEQUENCE (SIZE (1..maxNrofPCIsPerSMTC)) OF PhysCellId		OPTIONAL,	-- Need M
		-- Periodicity for the given PCIs. Timing offset and Duration as provided in smtc1.
		periodicity								ENUMERATED {sf5, sf10, sf20, sf40, sf80, sf160, spare2, spare1}
	}																										OPTIONAL,-- Cond IntraFreqConnected
	ss-RSSI-Measurement							SEQUENCE {
		measurementSlots							CHOICE {
			kHz15										BIT STRING (SIZE(1)),
			kHz30										BIT STRING (SIZE(2)),
			kHz60										BIT STRING (SIZE(4)),
			kHz120										BIT STRING (SIZE(8))
		},
		endSymbol									INTEGER(0..13)
	}	OPTIONAL				
}

CSI-RS-ResourceConfigMobility ::= 		SEQUENCE {
	-- MO specific values
		isServingCellMO						BOOLEAN,
	-- Subcarrier spacing of CSI-RS. 
	-- Only the values 15, 30 or 60 kHz  (<6GHz), 60 or 120 kHz (>6GHz) are applicable.
	-- Corresponds to L1 parameter 'Numerology' (see 38.211, section FFS_Section)
[bookmark: _Hlk500775173]	subcarrierSpacing						SubcarrierSpacing,
-- List of cells
	csi-RS-CellList-Mobility 	SEQUENCE (SIZE (1..maxNrofCSI-RS-CellsRRM))	OF CSI-RS-CellMobility

}

CSI-RS-CellMobility ::=				SEQUENCE {
	cellId									PhysCellId,

	csi-rs-MeasurementBW					SEQUENCE {
		-- Allowed size of the measurement BW in PRBs
		-- Corresponds to L1 parameter 'CSI-RS-measurementBW-size' (see FFS_Spec, section FFS_Section)
		nrofPRBs			ENUMERATED { size24, size48, size96, size192, size264},
		-- Starting PRB index of the measurement bandwidth
		-- Corresponds to L1 parameter 'CSI-RS-measurement-BW-start' (see FFS_Spec, section FFS_Section)
		-- FFS_Value: Upper edge of value range unclear in RAN1
		startPRB			INTEGER(0..2169)
	},

	-- Frequency domain density for the 1-port CSI-RS for L3 mobility
	-- Corresponds to L1 parameter 'Density' (see FFS_Spec, section FFS_Section)
	density									ENUMERATED {d1,d3}		OPTIONAL,


-- List of resources
	csi-rs-ResourceList-Mobility 	SEQUENCE (SIZE (1..maxNrofCSI-RS-ResourcesRRM))	OF CSI-RS-Resource-Mobility
}


CSI-RS-Resource-Mobility ::=			SEQUENCE {
	csi-RS-Index							CSI-RS-Index,
	-- Contains periodicity and slot offset for periodic/semi-persistent CSI-RS (see 38.211, section x.x.x.x)FFS_Ref
	slotConfig								CHOICE {
		ms4										INTEGER (0..31),
		ms5										INTEGER (0..39),
		ms10									INTEGER (0..79),
		ms20									INTEGER (0..159),
		ms40									INTEGER (0..319)
	},
	-- Each CSI-RS resource may be associated with one SSB. If such SSB is indicated, the NW also indicates whether the UE may assume 
	-- quasi-colocation of this SSB with this CSI-RS reosurce. 
	-- Corresponds to L1 parameter 'Associated-SSB' (see FFS_Spec, section FFS_Section)
	
	associatedSSB							SEQUENCE {
		ssb-Index								SSB-Index,
		-- The CSI-RS resource is either QCL’ed not QCL’ed with the associated SSB in spatial parameters
		-- Corresponds to L1 parameter 'QCLed-SSB' (see FFS_Spec, section FFS_Section)
		isQuasiColocated						BOOLEAN
	}					OPTIONAL, -- Cond AssociatedSSB

	
	-- Frequency domain allocation within a physical resource block in accordance with 38.211, section 7.4.1.5.3 including table 7.4.1.5.2-1.
	-- The number of bits that may be set to one depend on the chosen row in that table. For the choice "other", the row can be determined from
	-- the parmeters below and from the number of bits set to 1 in frequencyDomainAllocation.
	frequencyDomainAllocation			CHOICE {
		row1								BIT STRING (SIZE (4)),
		row2								BIT STRING (SIZE (12))
	},

	
	-- Time domain allocation within a physical resource block. The field indicates the first OFDM symbol in the PRB used for CSI-RS.
	-- Parameter l0 in 38.211, section 7.4.1.5.3. Value 2 is supported only when DL-DMRS-typeA-pos equals 3.
	firstOFDMSymbolInTimeDomain			INTEGER (0..13),	
	-- Scrambling ID for CSI-RS(see 38.211, section 7.4.1.5.2)
	sequenceGenerationConfig				INTEGER (0..1023),
	...
}

CSI-RS-Index ::= 				INTEGER (0..maxNrofCSI-RS-ResourcesRRM-1)

Q-OffsetRangeList ::=					SEQUENCE {
	rsrpOffsetSSB							Q-OffsetRange				DEFAULT dB0,
	rsrqOffsetSSB							Q-OffsetRange				DEFAULT dB0,
	sinrOffsetSSB							Q-OffsetRange				DEFAULT dB0,
	rsrpOffsetCSI-RS						Q-OffsetRange				DEFAULT dB0,
	rsrqOffsetCSI-RS						Q-OffsetRange				DEFAULT dB0,
	sinrOffsetCSI-RS						Q-OffsetRange				DEFAULT dB0
}

ThresholdNR ::=							SEQUENCE{
	thresholdRSRP							RSRP-Range					OPTIONAL,
	thresholdRSRQ						RSRQ-Range					OPTIONAL,
	thresholdSINR						SINR-Range					OPTIONAL
}

CellsToAddModList ::=					SEQUENCE (SIZE (1..maxNrofCellMeas)) OF CellsToAddMod

CellsToAddMod ::=						SEQUENCE {
	physCellId								PhysCellId,
	cellIndividualOffset					Q-OffsetRangeList
}

BlackCellsToAddModList ::=				SEQUENCE (SIZE (1..maxNrofPCI-Ranges)) OF BlackCellsToAddMod

BlackCellsToAddMod ::=					SEQUENCE {
	pci-RangeIndex							PCI-RangeIndex,		
	pci-Range								PCI-Range
}


WhiteCellsToAddModList ::=				SEQUENCE (SIZE (1..maxNrofPCI-Ranges)) OF WhiteCellsToAddMod

WhiteCellsToAddMod ::=					SEQUENCE {
	pci-RangeIndex							PCI-RangeIndex,
	pci-Range							PCI-Range
}

-- TAG-MEAS-OBJECT-NR-STOP
-- ASN1STOP

Editor’s Note: FFS How to support CGI reporting and whether changes are required in MeasObjectNR (e.g. introduction of cellForWhichToReportCGI). Not applicable for EN-DC.
Editor’s Note: FFS Whether alternative TTT is supported in Rel-15 (not applicable for EN-DC).
Editor’s Note: FFS measCycleSCell. (not applicable for EN-DC)
Editor’s Note: FFS reducedMeasPerformance (not applicable for EN-DC).


	MeasObjectNR field descriptions

	absThreshCSI-RS-Consolidation
Absolute threshold for the consolidation of measurement results per CSI-RS resource(s) from L1 filter(s). The values above the threshold are used as input to the derivation of cell measurement results as described in 5.5.3.3 and the L3 filter(s) per CSI-RS resource as described in 5.5.3.2.

	absThreshSS-BlocksConsolidation
Absolute threshold for the consolidation of measurement results per SS/PBCH block(s) from L1 filter(s). The values above the threshold are used as input to the derivation of cell measurement results as described in 5.5.3.3and the L3 filter(s) per SS/PBCH block index as described in 5.5.3.2.

	associatedSSB
If this field is present, the UE may base the timing of the CSI-RS resource indicated in CSI-RS-Resource-Mobilityon the timing of the cell indicated by the cellIdin the CSI-RS-CellMobility. In this case,the UE is not required to monitor that CSI-RS resourceif the UE can’t detect the SS/PBCH block indicated by thisassociatedSSBandcellId.If this field is absent, the UE shall base the timing of the CSI-RS resource indicated in CSI-RS-Resource-Mobilityon the timing of the serving cell.In this case, the UE is required to measure the CSI-RS resource even if SS/PBCH block(s) with cellIdin the CSI-RS-CellMobilityare not detected.

	blackCellsToAddModList
List of cells to add/modify in the black list of cells.

	blackCellsToRemoveList
List of cells to remove from the black list of cells.

	carrierFrequencyNR
A unique pointer to the ARFCN location for this measurement object

	cellIndividualOffset
Cell individual offsets applicable to a specific cell.

	cellsToAddModList
List of cells to add/modify in the cell list.

	cellsToRemoveList
List of cells to remove from the cell list. 

	csi-RS-Index
CSI-RS resource index associated to the CSI-RS resource to be measured (and used for reporting).

	endSymbol
RSSI is measured from symbol 0 to symbol endSymbol.

	nrofCSInrofCSI-RS-ResourcesToAverage
Indicates the maximum number of measurement results per beam based on CSI-RS resources to be averaged. The same value applies for each detected cell associated with this MeasObjectNR.

	nrofSS-BlocksToAverage  
Indicates the maximum number of measurement results per beam based on SS/PBCH blocks to be averaged. The same value applies for each detected cell associated with this MeasObject.

	offsetFreq
Offset values applicable to the carrier frequency.

	physCellId
Physical cell identity of a cell in the cell list.

	quantityConfigIndex
Indicates the n-th element of quantityConfigNR-Listprovided in MeasConfig.

	pci-Range
Physical cell identity or a range of physical cell identities.

	measurementSlots
Indicates the slots in which the UE can perform RSSI measurements.

	slotConfig
Indicates the CSI-RS periodicity (in milliseconds) and for each periodicity the offset (in number of slots).When subcarrierSpacingCSI-RS is set to 15kHZ, the maximum offset values for periodicities ms4/ms5/ms10/ms20/ms40 are 3/4/9/19/39 slots. When subcarrierSpacingCSI-RS is set to 30kHZ, the maximum offset values for periodicities ms4/ms5/ms10/ms20/ms40 are 7/9/19/39/79 slots. When subcarrierSpacingCSI-RS is set to 60kHZ, the maximum offset values for periodicities ms4/ms5/ms10/ms20/ms40 are 15/19/39/79/159 slots. When subcarrierSpacingCSI-RS is set 120kHZ, the maximum offset values for periodicities ms4/ms5/ms10/ms20/ms40 are 31/39/79/159/319 slots.

	ssbFrequency
Indicates the frequency of the SS associated to this MeasObjectNR. For cell defining SSB, it will be located on the sync raster.

	whiteCellsToAddModList
List of cells to add/modify in the white list of cells.

	whiteCellsToRemoveList
List of cells to remove from the white list of cells.



	Conditional presence
	Explanation

	AssociatedSSB
	If useServingCellTimingForSync is set to FALSE, this field is mandatory present, otherwise if ssb-ConfigMobility is present, it is optionally present, otherwise, it is absent.




Conclusion
In the previous sections we made the following observations: 
Observation 1	Avoiding the term ‘carrier frequency’ or ‘carrier cell’ in all the specification requires significant work.
Observation 2	Introducing carrierFrequencyNR parameter is a straight forward solution that makes carrier notion to be similar to LTE.
Based on the discussion in the previous sections we propose the following:
Proposal 1	Introduce carrierFrequencyNR parameter in the measurement object.
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