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1	Introduction
RAN WG4 has worked on the requirements concerning CSI-RS based mobility. As a result, it was agreed to send the LS [1] to RAN WG1 and WG2, asking to ensure the number of configurable CSI-RSs can be increased. This paper analyses RAN WG2 impacts of this RAN WG4 decisions.
2	Discussion
The support of CSI-RSs for L3 mobility (CSI-RS-Resource-Mobility) has been defined in Rel-15 and the following can be found in NR RRC [2], section 6.3.2:
	
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),
    ...
}




There can be up to maxNrofCSI-RS-ResourcesRRM of such CSI-RS-Resource-Mobility. maxNrofCSI-RS-ResourcesRRM = 96.
	
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




Such list of CSI-RS resources (i.e. csi-rs-ResourceList-Mobility) is present within the CSI-RS-CellMobility. There can be up to maxNrofCSI-RS-CellsRRM of CSI-RS-CellMobility, as per the following excerpt. maxNrofCSI-RS-CellsRRM = 96.
	CSI-RS-ResourceConfigMobility ::=   SEQUENCE {
    subcarrierSpacing                   SubcarrierSpacing,
    csi-RS-CellList-Mobility            SEQUENCE (SIZE (1..maxNrofCSI-RS-CellsRRM)) OF CSI-RS-CellMobility,
    ...,
    [[
    refServCellIndex                    ServCellIndex                                                           OPTIONAL    -- Need S
    ]]


}



While CSI-RS-ResourceConfigMobility is included in the measurement object (MeasObjectNR).
In a nutshell, from RAN2 signalling point of view, there can be up to 96 cells in a measurement object and up to 96 CSI-RS resources per each cell. In total, 9216 CSI-RSs for mobility. There is a single reference frequency (ARFCN) per measurement object for CSI-RSs, so all CSI-RSs within a single measurement object are assumed to be for the same (reference) frequency carrier.
Observation 1: As per RAN2 signalling, a single NR measurement object can comprise up to 9216 CSI-RSs (up to 96 CSI-RSs per cell and up to 96 different cells within MO).
However, when reading RAN1 specification (TS 38.214, section 5.1.6.1.3, [3]) one can find the following restriction:
	[bookmark: _Hlk515901435]A UE configured with the higher layer parameters CSI-RS-Resource-Mobility may expect to be configured
-	with no more than 96 CSI-RS resources per higher layer parameter MeasObjectNR when all CSI-RS resources configured by the same higher layer parameter MeasObjectNR have been configured with associatedSSB, or, 
 -	with no more than 64 CSI-RS resources per higher layer parameter MeasObjectNR when all CSI-RS resources have been configured without associatedSSB or when only some of the CSI-RS resources have been configured with associatedSSB by the same higher layer parameter MeasObjectNR
-	For frequency range 1 the associatedSSB is optionally present for each CSI-RS resource
-	For frequency range 2 the associatedSSB is either present for all configured CSI-RS resources or not present for any configured CSI-RS resource per higher layer parameter MeasObjectNR. 



So practically, when RAN1 and RAN2 specifications are analysed jointly, the UE can be configured with just up to 96 CSI-RSs in total, per measurement object. This is for the case when associatedSSB is configured as well, otherwise this maximum number is reduced to 64 per MO.
Observation 2: When RAN1 (TS 38.214) restriction is considered, a UE can be configured with up to 96 or 64 CSI-RSs per MO for the case with and without associatedSSB, correspondingly.
Measurement object is equivalent to a frequency layer in RAN1’s understanding. However, in RAN2 specification there seems to be nothing that restricts a single MO per frequency layer, so the UE can be configured with more than a single MO for the same frequency layer if the MO is provided for CSI-RS measurements (comprises CSI-RS-ResourceConfigMobility).
Observation 3: As per RAN2 specification, the UE can be configured with more than one measurement object for the same frequency carrier, if the MO is for CSI-RS measurements.
However, even in RAN2 specification there could be still an issue due to the RAN4 decisions and the associated LS [1], namely the UE capabilities. Currently in [2], within MeasAndMobParametersCommon there is a parameter defining how many CSI-RSs for RRM the UE may can support. It is designed as follows [2]:
    maxNumberCSI-RS-RRM-RS-SINR             ENUMERATED {n4, n8, n16, n32, n64, n96} OPTIONAL

As per the definition in TS 38.306, this capability concerns the number of CSI-RSs per single slot. So if only the total number of CSI-RSs one UE can be configured with shall be increased in line with RAN4 request [1], a new UE capability for the number of CSI-RSs per slot may be left intact. 
Proposal 1: The extension of maxNumberCSI-RS-RRM-RS-SINR is not defined, if the number of CSI-RSs per slot remains the same. 
However, there could be a confusion if the maxNumberCSI-RS-RRM-RS-SINR is kept with the current values, while the UE could be actually configured with a different (larger) total number of CSI-RSs to be measured. Thus, this shall be captured somewhere – either as a new UE capability or via clarification in NR RRC specification [2]. 
Observation 4: The increase of the total number of configurable CSI-RSs per MO shall be reflected in NR RRC specification or subject to a new UE capability.
We believe that a clarification in the NR RRC specification [2] could be sufficient.
Proposal 2: RAN2 is asked to discuss how to capture the increase of CSI-RSs per MO in the RAN2 specifications. A CR in R2-2009777 [4] can be considered. 
RAN1 and RAN4 should also be aware that current signalling in RAN2 still restricts the configuration to up to 96 CSI-RSs per cell in one MO. Thus, additional 96 CSI-RSs for that frequency layer would have to be linked with other intra-frequency cell(s). 
Observation 5: RAN2 MO design allows to have up to 96 CSI-RSs per cell. The remaining up to 96 CSI-RSs would have to be linked to other intra-frequency cell(s).
These RAN2 specific aspects would have to be shared with other affected working groups, i.e. RAN1 and RAN4. Thus, a response LS in [5] is suggested for discussion and subsequent approval.
Proposal 3: RAN2 is asked to send a response LS to RAN4 and RAN1. Draft is available in R2-2009776 [5].
3	Conclusion
In this paper we have elaborated on the number of CSI-RSs per L3 mobility that may be configured per measurement object/frequency layer. The following observations and proposals have been made:
Observation 1: As per RAN2 signalling, a single NR measurement object can comprise up to 9216 CSI-RSs (up to 96 CSI-RSs per cell and up to 96 different cells within MO).
Observation 2: When RAN1 (TS 38.214) restriction is considered, a UE can be configured with up to 96 or 64 CSI-RSs per MO for the case with and without associatedSSB, correspondingly.
Observation 3: As per RAN2 specification, the UE can be configured with more than one measurement object for the same frequency carrier, if the MO is for CSI-RS measurements.
Proposal 1: The extension of maxNumberCSI-RS-RRM-RS-SINR is not defined, if the number of CSI-RSs per slot remains the same. 
Observation 4: The increase of the total number of configurable CSI-RSs per MO shall be reflected in NR RRC specification or subject to a new UE capability.
Proposal 2: RAN2 is asked to discuss how to capture the increase of CSI-RSs per MO in the RAN2 specifications. A CR in R2-2009777 [4] can be considered. 
Observation 5: RAN2 MO design allows to have up to 96 CSI-RSs per cell. The remaining up to 96 CSI-RSs would have to be linked to other intra-frequency cell(s).
Proposal 3: RAN2 is asked to send a response LS to RAN4 and RAN1. Draft is available in R2-2009776 [5].
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