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[bookmark: _GoBack]1	Introduction
The work item description for NR-based Access to Unlicensed Spectrum [1] specifies the following detailed objectives concerning RRM/RLM and mobility: 
· RLM/RRM extensions for NR-U operation […]. Support RSSI reporting. Define a metric to measure channel occupancy or medium contention and its corresponding reporting. 
· Mobility: For non-standalone NR-U deployments, connected mode mobility is supported on licensed spectrum using the baseline mobility procedure specified for the concerned licensed radio access technology (LTE or NR). For standalone NR-U deployments, specify mechanisms for inter-cell handover between NR-U and NR-U, inter-cell handover between NR-U and NR, and Inter-RAT handover between NR-U and LTE (connected to either EPC of 5GC). Extensions of mobility-related measurement reporting for unlicensed operation including channel occupancy indication and RSSI measurements.
In TS 38.304, Section 5.4.4.2, cell/frequency barring is applied when the evaluated cell is part of forbidden tracking area for roaming.
If the highest ranked cell or best cell according to absolute priority reselection rules is an intra-frequency or inter-frequency cell which is not suitable due to being part of the "list of 5GS forbidden TAs for roaming" or belonging to a PLMN which is not indicated as being equivalent to the registered PLMN, the UE shall not consider this cell and other cells on the same frequency, as candidates for reselection for a maximum of 300 seconds.
The UE behavior needs to be discussed if the same behavior also applies to operation with shared spectrum channel access.
For RSSI/CO measurement and reporting, we have the following agreements:
RAN2#105bis Xi’an:
RSSI and Channel Occupancy configuration and reporting, in particular measurements over an interval (at least for CO) and periodical reporting, are used as a baseline for NR-U

RAN2#106 Reno:
RSSI and CO measurement quantities can be reported with existing triggers as in LAA

RAN2#107bis Chongqing:
For normal HO and CHO, no new event triggers will be introduced.  RRSI CO measurements can be included in the measurement reports.  
For NR-U, a new parameter Q, which indicates the QCL relationship between different SSB positions, has been introduced: 
[bookmark: _Hlk32271810]At RAN1#98bis, RAN1 reached the following RAN1 agreements related to RRM measurements:
For RRM measurements of a neighbor cell in IDLE, INACTIVE and CONNECTED UE states,
· Support signaling of a common Q value per frequency by broadcast RRC signaling (SIBx) and/or dedicated RRC signaling (measObjectNR) from the serving cell.
· Support signaling from the serving cell of a Q value for a listed neighbour cell. 
· If Q is signaled for a listed cell, it overrides any common Q value per frequency  

In this contribution, we will primarily discuss mobility from LTE to NR-U, where Q also needs to be signalled in LTE in TS 36.331. Also, we will discuss forbidden tracking areas for roaming.
Furthermore, we will provide details on possible RSSI/CO measurement object/report configuration options.
[bookmark: _Ref178064866]2	Discussion
2.1	Mobility support for LTE to NR-U
2.1.1	Signalling Q to support mobility from LTE to NR-U
According to the NR-U WID, see RP-190706 [1], one of the objectives for mobility is to support Inter-RAT handover between NR-U and LTE (connected to either EPC of 5GC). 
In order to support measurement based handover from LTE to NR-U, the UE needs to know the relationship between SSB position and the QCL of the NR-U neighbor cells, i.e. ssb-QCL-Relation needs to be added in TS 36.331 in the MeasObjectNR as shown below.
In LTE, the information elements within MeasObjectNR are structured slightly different from the same IE in NR.
In NR: MeasObjectNR -> ReferenceSignalConfig -> SSB-ConfigMobility
In LTE: MeasObjectNR -> RS-ConfigSSB-NR 
Thus, for LTE, the frequency specific Q value is added in RS-ConfigSSB-NR instead of SSB-ConfigMobility.
[bookmark: _Toc32512526]In order to support handover from LTE to NR-U, include ssb-QCL-RelationCommon in RS-ConfigSSB-NR.
[bookmark: _Toc32512527]In order to include cell-specific Q values for handover from LTE to NR-U, include ssb-QCL-Relation in a new IE SSB-QCL-RelationList within RS-ConfigSSB-NR.

Even though not explicitly stated, it is also beneficial to support idle/inactive mode mobility from LTE to NR-U instead of waiting for the UE to move to connected mode, such that the UE gets measurement configurations for NR-U already when it is in idle mode.
[bookmark: _Toc32512528]In order to support idle/inactive mode mobility from LTE to NR-U, include ssb-QCL-RelationCommon in CarrierFreqNR within SIB24.
[bookmark: _Toc32512529]In order to include cell-specific Q values for idle/inactive mode mobility from LTE to NR-U, include ssb-QCL-Relation in a new IE SSB-QCL-RelationList in CarrierFreqNR within SIB24.
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2.1.2 	Text proposals for TS 36.331 (LTE)
	Start of change proposals for MeasObjectNR in TS 36.331, clause 6.3.5


[bookmark: _Toc20487426]–	MeasObjectNR
The IE MeasObjectNR specifies information applicable for inter-RAT NR neighbouring cells.
MeasObjectNR information element
-- ASN1START

MeasObjectNR-r15 ::=				SEQUENCE {
	carrierFreq-r15						ARFCN-ValueNR-r15,
	rs-ConfigSSB-r15					RS-ConfigSSB-NR-r15,
	threshRS-Index-r15					ThresholdListNR-r15				OPTIONAL,		-- Need OR
	maxRS-IndexCellQual-r15				MaxRS-IndexCellQualNR-r15		OPTIONAL,		-- Need OR
	offsetFreq-r15						Q-OffsetRangeInterRAT			DEFAULT 0,
	blackCellsToRemoveList-r15			CellIndexList					OPTIONAL,		-- Need ON
	blackCellsToAddModList-r15			CellsToAddModListNR-r15			OPTIONAL,		-- Need ON
	quantityConfigSet-r15				INTEGER (1.. maxQuantSetsNR-r15),
	cellsForWhichToReportSFTD-r15		SEQUENCE (SIZE (1..maxCellSFTD)) OF PhysCellIdNR-r15	OPTIONAL,	-- Need OR
	...,
	[[	cellForWhichToReportCGI-r15			PhysCellIdNR-r15				OPTIONAL,	-- Need ON
		deriveSSB-IndexFromCell-r15			BOOLEAN							OPTIONAL,	-- Need ON
		ss-RSSI-Measurement-r15				SS-RSSI-Measurement-r15			OPTIONAL,	-- Need ON
		bandNR-r15					CHOICE {
			release						NULL,
			setup						FreqBandIndicatorNR-r15
		}																OPTIONAL	-- Need ON
	]]
}

RS-ConfigSSB-NR-r15 ::=			SEQUENCE {
	measTimingConfig-r15			MTC-SSB-NR-r15,
	subcarrierSpacingSSB-r15		ENUMERATED {kHz15, kHz30, kHz120, kHz240},
	...,
	[[	ssb-ToMeasure-r15			CHOICE {
			release						NULL,
			setup						SSB-ToMeasure-r15
		}											OPTIONAL	-- Need ON
	]],
	[[	ssb-QCL-RelationCommon-r16	SSB-QCL-RelationNR-r16				OPTIONAL,	-- Need OR
		ssb-QCL-RelationList-r16    CHOICE {
			release						NULL,
			setup						SSB-QCL-RelationListNR-r16
		}																OPTIONAL	-- Need ON
	]]
}

CellsToAddModListNR-r15 ::=			SEQUENCE (SIZE (1..maxCellMeas)) OF CellsToAddModNR-r15

CellsToAddModNR-r15 ::=			SEQUENCE {
	cellIndex-r15					INTEGER (1..maxCellMeas),
	physCellId-r15					PhysCellIdNR-r15
}


SSB-QCL-RelationListNR-r16 ::=  SEQUENCE (SIZE (1..maxCellMeas)) OF SSB-QCL-RelationEntryNR-r16

SSB-QCL-RelationEntryNR-r16 ::=   	SEQUENCE {
    physCellId-r16          	        PhysCellIdNR-r15,
    ssb-QCL-Relation-r16        	    SSB-QCL-RelationNR-r16
}

-- ASN1STOP

	End of change proposals for MeasObjectNR 




	Start of change proposals for SystemInformationBlockType24 in TS 36.331, clause 6.3.1


[bookmark: _Toc20487264]–	SystemInformationBlockType24
The IE SystemInformationBlockType24 contains information relevant only for inter-RAT cell re-selection i.e. information about NR frequencies and NR neighbouring cells relevant for cell re-selection. The IE includes cell re-selection parameters common for a frequency.
SystemInformationBlockType24 information element
-- ASN1START

SystemInformationBlockType24-r15 ::=	SEQUENCE {
	carrierFreqListNR-r15				CarrierFreqListNR-r15				OPTIONAL, 		-- Need OR
	t-ReselectionNR-r15					T-Reselection,
	t-ReselectionNR-SF-r15				SpeedStateScaleFactors				OPTIONAL,	-- Need OR
	lateNonCriticalExtension			OCTET STRING					OPTIONAL,
	...
}

CarrierFreqListNR-r15 ::=		SEQUENCE (SIZE (1..maxFreq)) OF CarrierFreqNR-r15

CarrierFreqNR-r15 ::=				SEQUENCE {
	carrierFreq-r15						ARFCN-ValueNR-r15,
	multiBandInfoList-r15				MultiFrequencyBandListNR-r15		OPTIONAL,	-- Need OR
	multiBandInfoListSUL-r15			MultiFrequencyBandListNR-r15		OPTIONAL,	-- Need OR
	measTimingConfig-r15				MTC-SSB-NR-r15						OPTIONAL,	-- Need OR
	subcarrierSpacingSSB-r15			ENUMERATED {kHz15, kHz30, kHz120, kHz240},
	ss-RSSI-Measurement-r15				SS-RSSI-Measurement-r15		OPTIONAL, 		-- Cond RSRQ2
	cellReselectionPriority-r15			CellReselectionPriority		OPTIONAL,		-- Need OP
	cellReselectionSubPriority-r15		CellReselectionSubPriority-r13	OPTIONAL,	-- Need OR
	threshX-High-r15					ReselectionThreshold,
	threshX-Low-r15						ReselectionThreshold,
	threshX-Q-r15						SEQUENCE {
			threshX-HighQ-r15				ReselectionThresholdQ-r9,
			threshX-LowQ-r15				ReselectionThresholdQ-r9
		}																OPTIONAL,	-- Cond RSRQ
	q-RxLevMin-r15						INTEGER (-70..-22),
	q-RxLevMinSUL-r15					INTEGER (-70..-22)				OPTIONAL, 		-- Need OR
	p-MaxNR-r15							P-MaxNR-r15,
	ns-PmaxListNR-r15					NS-PmaxListNR-r15					OPTIONAL,	-- Need OR
	q-QualMin-r15						INTEGER (-43..-12)				OPTIONAL,		-- Need OP
	deriveSSB-IndexFromCell-r15			BOOLEAN,
	maxRS-IndexCellQual-r15				MaxRS-IndexCellQualNR-r15		OPTIONAL,		-- Need OR
	threshRS-Index-r15					ThresholdListNR-r15				OPTIONAL,		-- Need OR
	...,
	[[	multiBandNsPmaxListNR-v1550		MultiBandNsPmaxListNR-1-v1550	OPTIONAL,	-- Need OR
		multiBandNsPmaxListNR-SUL-v1550	MultiBandNsPmaxListNR-v1550		OPTIONAL,	-- Need OR
		ssb-ToMeasure-r15				SSB-ToMeasure-r15				OPTIONAL		-- Need OR
	]],
	[[	ssb-QCL-RelationCommon-r16		SSB-QCL-Relation-NR-r16			OPTIONAL,	-- Need OR
		ssb-QCL-RelationList-NR-r16		SSB-QCL-RelationList-NR-r16		OPTIONAL	-- Need OR
	]]}

SSB-QCL-RelationList-NR-r16 ::=    	SEQUENCE (SIZE (1..maxCellMeas)) OF SSB-QCL-RelationEntry-NR-r16

SSB-QCL-RelationEntry-NR-r16 ::=    SEQUENCE {
   	physCellIdNR-r16					PhysCellIdNR-r15
	ssb-QCL-Relation-NR-r16				SSB-QCL-Relation-NR-r16
}

MultiBandNsPmaxListNR-1-v1550	::=	SEQUENCE (SIZE (1.. maxMultiBandsNR-1-r15)) OF NS-PmaxListNR-r15

MultiBandNsPmaxListNR-v1550	::=	SEQUENCE (SIZE (1.. maxMultiBandsNR-r15)) OF NS-PmaxListNR-r15

-- ASN1STOP

	End of change proposals for SystemInformationBlockType24 in TS 36.331



The SSB-QCL-RelationNR information element is used in both measObjectNR and in SystemInformationBlockType24 and it is therefore proposed to define it separately as follows:
	Addition of SSB-QCL-Relation IE in TS 36.331, clause 6.3.1


–	SSB-QCL-RelationNR
The IE SSB-QCL-Relation is used to indicate the QCL relationship between SSB positions and indicates whether different candidate SS/PBCH blocks can be assumed to be quasi-colocated or not as defined in TS 38.213 [13].
SSB-QCL-Relation information element
-- ASN1START

SSB-QCL-RelationNR ::=            ENUMERATED {n1, n2, n4, n8}

-- ASN1STOP

	End of SSB-QCL-Relation IE in TS 36.331




2.2	Forbidden tracking areas for roaming
For operation with shared spectrum access, cells from different operators may be deployed on the same carrier frequency. If a certain cell belongs to a certain PLMN (group) and tracking area (TA), a neighbour cell on the same frequency can belong to another PLMN (group), and also to another tracking area. This can be derived from the PLMN-IdentityInfoList provided in SIB1 shown below.
PLMN-IdentityInfoList ::=               SEQUENCE (SIZE (1..maxPLMN)) OF PLMN-IdentityInfo

PLMN-IdentityInfo ::=                   SEQUENCE {
    plmn-IdentityList                       SEQUENCE (SIZE (1..maxPLMN)) OF PLMN-Identity,
    trackingAreaCode                        TrackingAreaCode                                            OPTIONAL,       -- Need R
    ranac                                   RAN-AreaCode                                                OPTIONAL,       -- Need R
    cellIdentity                            CellIdentity,
    cellReservedForOperatorUse              ENUMERATED {reserved, notReserved},
    ...
}

So if a cell has a tracking area code being part of the “list of 5GS forbidden TAs for roaming", a neighbour cell on the same frequency may not only belong to a different PLMN, but also to a different tracking area.
As a consequence, in the same way as a UE may continue cell search on a frequency if the strongest cell does not belong to a PLMN which the UE supports, to find a cell belonging to a PLMN which it supports, the UE should be allowed to check other cells belonging to a different tracking area.
For example, a cell belonging to PLMN 1 belongs to a TA that is on the list of forbidden TAs for roaming. Another cell belonging to PLMN 2, which the UE supports, can be configured with another TAC. 
Therefore, the UE should only bar that specific cell for cell reselection.
[bookmark: _Toc32512530][bookmark: _Hlk32512369]If the UE operating with shared spectrum channel access, evaluates a cell which is part of a forbidden tracking area  for roaming, the UE shall only not consider that cell as candidate for cell reselection for a maximum of 300 seconds, but it may continue to search for other cells on the same frequency to check the PLMN/tracking area code of other cells.
2.3		RSSI measurements
2.3.1	Configuring RSSI measurement reports
During the email discussion [108#38], it was unclear where to include the measurement report configuration for RSSI. 
As RAN2 has agreed to use periodical reporting as a baseline for NR-U, there are different options.
1. measRSSI-ReportConfig should be added in PeriodicalReportConfig directly similar as in LTE.
2. measRSSI-ReportConfig should be added as a CHOICE of the reportType. Similar fields can be introduced as in the CLI report configuration, see CLI implementation from the endorsed R2-1916639 [6]:
ReportConfigNR ::=                          SEQUENCE {
    reportType                                  CHOICE {
        periodical                                  PeriodicalReportConfig,
        eventTriggered                              EventTriggerConfig,
        ...,
        reportCGI                                   ReportCGI,
        reportSFTD                                  ReportSFTD-NR,
		cli-Periodical-r16                          CLI-PeriodicalReportConfig-r16,
		cli-EventTriggered-r16                      CLI-EventTriggerConfig-r16
    }
}


CLI-PeriodicalReportConfig-r16 ::=			SEQUENCE {
	reportInterval-r16                          ReportInterval,
    reportAmount-r16                            ENUMERATED {r1, r2, r4, r8, r16, r32, r64, infinity},
	reportQuantityCLI-r16                       MeasReportQuantityCLI-r16,
	maxReportCLI-r16                            INTEGER (1..maxCLI-Report-r16),
	...
}

MeasTriggerQuantityCLI-r16 ::=				CHOICE {
    srs-RSRP-r16								SRS-RSRP-Range-r16,
    cli-RSSI-r16								CLI-RSSI-Range-r16
}

MeasReportQuantityCLI-r16 ::=				ENUMERATED {srs-rsrp, cli-rssi}


2.3.2	Configuring RSSI measurement objects
Similar considerations should be done for the measurement object. The Table below shows the descriptions for RSSI and CLI-RSSI related to measurement objects:  
	Measurements objects covering RSSI measurements
	CLI measurement objects covering CLI-RSSI

	For NR measurement object(s), the UE measures and reports on the serving cell(s), listed cells and/or detected cells. For inter-RAT measurements object(s) of E-UTRA, the UE measures and reports on listed cells and detected cells and, for RSSI and channel occupancy measurements, the UE measures and reports on any reception on the indicated frequency.
	For NR measurement object(s), the UE measures and reports on the serving cell(s), listed cells and/or detected cells. For inter-RAT measurements object(s) of E-UTRA, the UE measures and reports on listed cells and detected cells. For CLI measurement object(s), the UE measures and reports on configured CLI measurement resources (i.e. SRS resources and/or CLI-RSSI resources).



As legacy NR measurement objects are related to cells, while RSSI is the power received ”by the UE from all sources, including co-channel serving and non-serving cells, adjacent channel interference, thermal noise etc”, it is not necessary to configure cell-related parameters as part of the measurement object covering RSSI measurements. To save signalling overhead, it would be beneficial to define a new measurement object for RSSI measurement in a similar way as for CLI measurement objects.
[bookmark: _Toc32512531]Consider using similar structures for RSSI measurement (report) configuration as for the already defined CLI measurement  framework.
3	Conclusion
In the previous sections we made the following observations: 
Observation 1	The RSSI measurement defined for CLI already provides configurations needed for NR-U.

Based on the discussion in the previous sections we propose the following:
Proposal 1	In order to support handover from LTE to NR-U, include ssb-QCL-RelationCommon in RS-ConfigSSB-NR.
Proposal 2	In order to include cell-specific Q values for handover from LTE to NR-U, include ssb-QCL-Relation in a new IE SSB-QCL-RelationList within RS-ConfigSSB-NR.
Proposal 3	In order to support idle/inactive mode mobility from LTE to NR-U, include ssb-QCL-RelationCommon in CarrierFreqNR within SIB24.
Proposal 4	In order to include cell-specific Q values for idle/inactive mode mobility from LTE to NR-U, include ssb-QCL-Relation in a new IE SSB-QCL-RelationList in CarrierFreqNR within SIB24.
Proposal 5	If the UE operating with shared spectrum channel access, evaluates a cell which is part of a forbidden tracking area  for roaming, the UE shall only not consider that cell as candidate for cell reselection for a maximum of 300 seconds, but it may continue to search for other cells on the same frequency to check the PLMN/tracking area code of other cells.
Proposal 6	Consider using similar structures for RSSI measurement (report) configuration as for the already defined CLI measurement   framework.
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