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Introduction
[bookmark: _Hlk510705081]RAN2 has sent a LS to RAN1(and RAN4) [1] regarding the CSI-RS for mobility configuration framework in 38.331, seeking for confirmation and clarification. In this contribution we briefly overview the background and give our understanding for the possible issue, possible solution and answer. 
Discussion
Background
In the LS [1], RAN2 ellaborates how the mobility CSI-RS configuration is defined for a Measurement Object (MO) and how the MOs can be configured. In short; 
· multiple CSI-RS resources can be configured in single MO as long as they share common point A, 
· single MO can contain configurations for multiple cells, up to 96 and
· each cell can be configured with multiple CSI-RS resources, up to 96. 
Thus in total single MO can contain configurations up to 96*96 CSI-RSs for mobility. Furhtermore, CSI-RSs configured by MOs may overlap in frequency. This is illustrated by a figure in LS, given below as Figure 1 for easy reference.
[image: ]
Figure 1. Illustration of CSI-RS for mobility configurations for different MOs and cells [1].
Based on this RAN2 would like to know if the signalling framework for CSI-RS for mobility is acceptable for RAN1 and how RAN2 should interpret the RAN1 capability restriction for CSI-RS for mobility per ‘frequency layer’. Also RAN2 inquires whether the mobility CSI-RS resources on same ‘frequency layer’ need to have same sub-carrier spacing.
CSI-RS for mobility in RAN1
During the Rel-15 discussions, RAN1 agreed the UE measurement capabilities for CSI-RS for mobility in RAN1#90 [2]:
	Agreements:
· For each CSI-RS resource, at most one associated SSB can be configured 
· If associated SSBs are configured for CSI-RS, maximum N1=96 number of CSI-RS resources can be configured per frequency layer
· M>=1 number of CSI-RS resources per associated SSB can be configured
· If associated SSBs are not configured for CSI-RS, maximum N2>=1 number of CSI-RS resources can be configured per frequency layer
· In this case, UE may assume that the carrier is synchronized with the serving cell.
· FFS UE is not required to perform measurement based on CSI-RS if the corresponding cell ID is not detected
 



In later meeting, RAN1#AH1801, the value for N2 was clarified to be 64 and the UE behaviour in relation to associated SSB (and lack of) was agreed. Based on these agreements the CSI-RS for mobility capability per frequency layer was reflected in 38.214 Section 5.1.6.1.3.
[bookmark: _GoBack]Now while exact definition of ‘frequency layer’ was not agreed in past discussions in RAN1, based on our understanding the intention of the limitations was to limit the number of measurements UE needs to carry out simultaneously. Thus when considering the RAN2 questions, it should be ensured that network does not configure for the UE larger number of CSI-RS resources than the capability supports (e.g. 96 as per 38.214 Section 5.1.6.1.3). Of course larger number overall can be configured accounting e.g. for inter-frequency measurements as those are not assumed to be simultaneously. Thus, it could be useful to try to determine some definition for the CSI-RS measurements that would define which CSI-RS measurements are considered to belong to same “frequency layer” and therefore carried out simultaneously.
In 38.133, RAN4 has defined the intra-frequency as follows:
	9.2 NR intra-frequency measurements

9.2.1 Introduction 
A measurement is defined as a SSB based intra-frequency measurement provided the centre frequency of the SSB of the serving cell indicated for measurement and the centre frequency of the SSB of the neighbour cell are  the same, and the subcarrier spacing of the two SSB are also the same.  



RAN4 has not yet considerd the CSI-RS based RRM measurements, thus the definition above applies only for SSB based measurements. However, the approach of using the SSB centre frequency to define the measurements to belong to same “intra-frequency layer” could be considered for CSI-RS also. Like noted earlier, the mobility CSI-RS require that there is a refernce cell determined for timing purposes. If UE is provided with associated SSB (by ssb-Index in associatedSSB IE), UE would also need to be provided with the centre frequency and cell ID of said SSB. The centre frequency (of the SSB) can be obtained from ssbFrequency in measurement object and the cell ID from the CSI-RS mobility configuration (in CSI-RS-CellMobility). If UE is not provided with the associated SSB, then the UE, as defined in 38.214, can use the serving cell as the timing reference (provided by refServCellIndex in CSI-RS-ResourceConfigMobility IE) and thus these CSI-RS can be assumed to be associated to the serving cell and possibly also corresponding SSB if present. Based on this, it would seem to be possible to determine whether configured mobility CSI-RS belong to the same frequency layer based on the timing reference used. So following approach could be used:
· If the CSI-RS for mobility are configured with associatedSSB, those CSI-RS resources for which the associated SSBs have same center frequency, are considered to belong to same frequency layer in terms of UE measurement capability.
· If the CSI-RS for mobility are not configured with associatedSSB, those CSI-RS resources for which serving cell, given refServCellIndex, is the same, are considered to belong to same frequency layer in terms of UE measurement capability.

In the case that UE has been configured both, CSI-RS resources with associated SSB and wihout associated SSB, it would seem natural that if the resources are on same frequency layer, then, in practical deployments, the serving cell would also be assumed have SSBs and then the same principle as in case of associated SSB could be used. If the serving cell does not have SSBs, then the CSI-RS resources without associated SSB would not be considered to be on same frequency layer as the CSI-RS resources with associated SSB. Thus for the case that both type of CSI-RS resources are configured, following approach could be considered:
· CSI-RS resources for mobility for which the associated SSB(s) and the SSB of the timing reference cell share the same center frequency, are considered to belong to the same frequency layer in terms of UE measurement capability.

On the aspect of the sub-carrier spacing, in our understanding it was agreed in RAN1#91, when the parameters were discussed, what are the supported sub-carrier spacings for mobility CSI-RS and that these need to be same for CSI-RS resources that are considered to be on same frequency layer. The related agreement is captured below (with added turquoise highlight):
	Agreements:
· For carriers with SSB, 
· Transmission BW is removed from the RRC parameter set.
· Agree on the following table for the CSI-RS configuration parameters:
	Parameter Name
	Description
	Candidate values
	Commonality of the configured value(s) across multiple resources

	Cell_ID
	Physical Cell ID for CSI-RS
	0, 1, …, 1007

	Common value is assigned across all the resources configured for a cell

	slotConfig
	Contains periodicity and slot offset for periodic/semi-persistent CSI-RS
FFS slot offset details (no additional RRC impact)
	Periodicity: {5, 10, 20, 40} msec
Offset: 0, 1, …, P-1 slots, where periodicity P is in terms of slots in the CSI-RS numerology
	Configured per resource

	Sequence-Generation
	Sequence generation parameter for CSI-RS, i.e., scrambling ID
	0-1023
	Configured per resource

	Common-PRB-Grid-offset
	Information to define common PRB grid for CSI-RS sequence generation 
Corresponds to an offset (in terms of number of subcarriers in CSI-RS numerology) between PRB 0 for common PRB  indexing and a reference location (i.e., corresponds to RRC parameter DL-BWP-loc defined for BWP)
– the reference location is the lowest PRB of the cell-defining SSB
	[0,1,2, …, >276*4]

	A common value is assigned across all the resources configured for per cell

	Measurement-BW
	Allowed measurement BW for CSI-RS
	BW size: {24, 48, 96, 192, 268} PRBs in CSI-RS numerology
Starting PRB index: {0, 1, …, [251](=274-24+1)]} PRBs with respect to PRB0 in CSI-RS numerology
	A common set of values are assigned across all the resources configured per cell

	Carrier-info
	Provides frequency location information for inter-frequency measurement
	Absolute frequency value, RAN2 to fill in, if not provided elsewhere

	A common value is assigned across all the resources configured for a frequency carrier

	RE-Mapping-Pattern
	RE mapping pattern for a CSI-RS resource
	Adopt the parameter values agreed in BM
	Configured per resource

	Density
	Frequency domain density for the 1-port CSI-RS
	{1,3}
	A common value is assigned across all the resources configured per cell 

	Numerology
	Numerology for CSI-RS
	{15,30,60} for sub6GHz
{60,120,240} for over6GHz
	A common value is assigned across all the resources configured per frequency carrier

	Associated-SSB
	For each CSI-RS resource, at most one associated SSB can be configured
Note: If the associated-SSB is signaled, UE is not required to monitor CSI-RS resource(s) when the UE cannot detect the associated SSB
	{0, 1, …, L-1}

	Configured per resource
This field is optional per frequency layer

	QCLed-SSB
	The CSI-RS resource is either QCL’ed not QCL’ed with the associated SSB in spatial parameters
	{yes, no}

	Configured per resource
This field is conditionally indicated if associated-SSB is configured






Furthermore in RAN1#92bis, it was agreed and concluded as follows:
	Agreements:
· For intra-frequency measurement and if measurement gap is not configured, UE is not expected to measure the CSI-RS resources outside the active DL BWP. 

Conclusion:
· It is RAN1’s understandings that UE, which does not support simultaneous reception of multiple numerologies, requires measurement gap configuration in order to perform measurements of the CSI-RS for L3 mobility for intra-frequency measurements when the numerology of CSI-RS resource is different from the active DL BWP numerology.




Hence, it was RAN1 understanding, that if UE configured to measure CSI-RS resources for mobility with different numerology than the active BWP, a measurement gap is needed. However, this is something that would need to be discussed in RAN4, e.g. how this handled for UEs that support simultaneous reception of different numerologies.

Conclusion
In short we propose that the UE cabability restriction based on the frequency layer is defined based on the center frequency of the related SSBs. Thus;
· If the CSI-RS for mobility are configured with associatedSSB, those CSI-RS resources for which the associated SSBs have same center frequency, are considered to belong to same frequency layer in terms of UE measurement capability.
· If the CSI-RS for mobility are not configured with associatedSSB, those CSI-RS resources for which serving cell, given refServCellIndex, is the same, are considered to belong to same frequency layer in terms of UE measurement capability.
· CSI-RS resources for mobility for which the associated SSB(s) and the SSB of the timing refernce cell share the same center frequency, are considered to belong to the same frequency layer in terms of UE measurement capability.

In addition it should be informed that in RAN1 understanding CSI-RS resources to be measured simultaneously should have same sub-carrier spacing. Furhtermore, it could be clarified that CSI-RS resources that are considered to be long to the same frequency layer have aligned PRB raster. Note that this does not require the scs-carrier configuration (by SCS-SpecificCarrier), nor pointA location to be identical between the cells.
Based on the afore discussion, following answers could be provided to RAN2. 
1. Whether the CSI-RS resources of serving cell and CSI-RS resources of cell1 configured in MO1 are part of the same ‘frequency layer’?
1. Whether the CSI-RS resources of serving cell, CSI-RS resources of cell1 and CSI-RS resources of cell2 configured in MO1 are part of the same ‘frequency layer’?
[RAN1 Answer to Q1 and Q2]: This would depend if the cells (serving, cell1 and cell2) used as a timing refernce for each CSI-RS resource could be considered to belong to the same frequency layer, based on the associated SSB(s) having same center frequency. If no association to SSBs is provided, these CSI-RS would belong to the same frequency layer if the timing reference cells are the same.
1. Whether the CSI-RS resources configured in MO1 and MO2 are part of the same ‘frequency layer’?
1. If only CSI-RS resource of cell2 is configured in MO1 and if only CSI-RS resource of cell5 is configured in MO2, are they part of the same ‘frequency layer’?
[RAN1 Answer to Q3 and Q4]: Like in responce for Q1 and Q2, this would depend whether the SSBs (of the cells) have same center frequency or if the timing reference cell is the same (if no associated SSB). Note that as one MO supports configuring up to 96 CSI-RS resources, configuring two MOs for CSI-RS on same frequency layer does not seem to be required.
1. Whether the CSI-RS resources belonging to the same “frequency layer” must have the same subcarrier spacing?
[RAN1 Answer to Q5]: From RAN1 perspective CSI-RS resources only with same sub-carrier spacing could be configured to same frequency layer. Handling of CSI-RS resources with different sub-carrier spacing would need to be determined by RAN4.
In addition, if seen acceptable or required, a wording could be introduced to 38.214 or 38.331 to clarify this, for example:
[bookmark: _Hlk4761169]“For the CSI-RS resources for mobility which SS/PBCH blocks of the applied timing reference share same centre frequency, are considered to belong to the same frequency layer in terms of determning the UE measurement capability”.
Draft response to the LS can be found in [4].
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Annex A
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,   -- Cond SSBorAssociatedSSB
    ssbSubcarrierSpacing                SubcarrierSpacing                                               OPTIONAL,   -- Cond SSBorAssociatedSSB
    smtc1                               SSB-MTC                                                         OPTIONAL,   -- Cond SSBorAssociatedSSB
    smtc2                               SSB-MTC2                                                        OPTIONAL,   -- Cond IntraFreqConnected
    refFreqCSI-RS                       ARFCN-ValueNR                                                   OPTIONAL,   -- Cond CSI-RS
    referenceSignalConfig               ReferenceSignalConfig,
    absThreshSS-BlocksConsolidation     ThresholdNR                                                     OPTIONAL,   -- Need R
    absThreshCSI-RS-Consolidation       ThresholdNR                                                     OPTIONAL,   -- Need R
    nrofSS-BlocksToAverage              INTEGER (2..maxNrofSS-BlocksToAverage)                          OPTIONAL,   -- Need R
    nrofCSI-RS-ResourcesToAverage       INTEGER (2..maxNrofCSI-RS-ResourcesToAverage)                   OPTIONAL,   -- Need R
    quantityConfigIndex                 INTEGER (1..maxNrofQuantityConfig),
    offsetMO                            Q-OffsetRangeList,
    cellsToRemoveList                   PCI-List                                                        OPTIONAL,   -- Need N
    cellsToAddModList                   CellsToAddModList                                               OPTIONAL,   -- Need N
    blackCellsToRemoveList              PCI-RangeIndexList                                              OPTIONAL,   -- Need N
    blackCellsToAddModList              SEQUENCE (SIZE (1..maxNrofPCI-Ranges)) OF PCI-RangeElement      OPTIONAL,   -- Need N
    whiteCellsToRemoveList              PCI-RangeIndexList                                              OPTIONAL,   -- Need N
    whiteCellsToAddModList              SEQUENCE (SIZE (1..maxNrofPCI-Ranges)) OF PCI-RangeElement      OPTIONAL,   -- Need N
    ... ,
    [[
    freqBandIndicatorNR-v1530           FreqBandIndicatorNR                                             OPTIONAL,   -- Need R
    measCycleSCell-v1530                ENUMERATED {sf160, sf256, sf320, sf512, sf640, sf1024, sf1280}  OPTIONAL    -- Need R
    ]]
}

ReferenceSignalConfig::=            SEQUENCE {
    ssb-ConfigMobility                  SSB-ConfigMobility                                              OPTIONAL,   -- Need M
    csi-rs-ResourceConfigMobility       SetupRelease { CSI-RS-ResourceConfigMobility }                  OPTIONAL    -- Need M
}

SSB-ConfigMobility::=               SEQUENCE {

    ssb-ToMeasure                           SetupRelease { SSB-ToMeasure }                              OPTIONAL,   -- Need M
    deriveSSB-IndexFromCell             BOOLEAN,
    ss-RSSI-Measurement                         SS-RSSI-Measurement                                     OPTIONAL,   -- Need M
    ...
}


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,   -- Need R
    thresholdRSRQ                       RSRQ-Range                                                      OPTIONAL,   -- Need R
    thresholdSINR                       SINR-Range                                                      OPTIONAL    -- Need R
}

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

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




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


CSI-RS-ResourceConfigMobility
The IE CSI-RS-ResourceConfigMobility is used to configure CSI-RS based RRM measurements.
CSI-RS-ResourceConfigMobility information element
-- ASN1START
-- TAG-CSI-RS-RESOURCECONFIGMOBILITY-START

CSI-RS-ResourceConfigMobility ::=   SEQUENCE {
    subcarrierSpacing                   SubcarrierSpacing,
    csi-RS-CellList-Mobility            SEQUENCE (SIZE (1..maxNrofCSI-RS-CellsRRM)) OF CSI-RS-CellMobility,
    ... ,
    [[
    refServCellIndex-v1530              ServCellIndex                                                           OPTIONAL    -- Need S
    ]]


}

CSI-RS-CellMobility ::=             SEQUENCE {
    cellId                              PhysCellId,
    csi-rs-MeasurementBW                SEQUENCE {
        nrofPRBs                            ENUMERATED { size24, size48, size96, size192, size264},
        startPRB                            INTEGER(0..2169)
    },
    density                             ENUMERATED {d1,d3}                                                      OPTIONAL,   -- Need R
    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,
    slotConfig                          CHOICE {
        ms4                                 INTEGER (0..31),
        ms5                                 INTEGER (0..39),
        ms10                                INTEGER (0..79),
        ms20                                INTEGER (0..159),
        ms40                                INTEGER (0..319)
    },
    associatedSSB                       SEQUENCE {
        ssb-Index                           SSB-Index,
        isQuasiColocated                    BOOLEAN
    }                                                                                                           OPTIONAL, -- Need R
    frequencyDomainAllocation           CHOICE {
        row1                                BIT STRING (SIZE (4)),
        row2                                BIT STRING (SIZE (12))
    },
    firstOFDMSymbolInTimeDomain         INTEGER (0..13),
    sequenceGenerationConfig            INTEGER (0..1023),
    ...
}

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

-- TAG-CSI-RS-RESOURCECONFIGMOBILITY-STOP
-- ASN1STOP
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