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1. Introduction
A new WI on RRM requirements for CSI-RS based L3 measurement [1] was agreed in the RAN#84 meeting. In the RAN4#92 meeting, work plan for the WI [2] was agreed.  The plan for RAN4#92bis meeting is as follows.
	1) RAN4 # 92BIS
· Discuss and evaluate the measurement bandwidth of CSI-RS for RRM requirements
· Define CSI-RS based intra-frequency and inter-frequency measurement
· [bookmark: _GoBack]Discuss and introduce new UE measurement capability, including number of frequency layer and number of cells etc., for CSI-RS based measurement
· Initial discuss intra-frequency and inter-frequency measurement requirements


In this contribution we provide our views on aspects of RRM requirements for CSI-RS based L3 measurements.

2. Discussion
The CSI-RS based RRM measurement for L3 mobility was not fully discussed in RAN4 in Rel-15. There were discussions on requirements for CSI-RS based RRM measurement. The scope of CSI-RS measurement was discussed. Initial simulations were performed. But the main discussion is on whether to specify requirements for CSI-RS based RRM measurement for some simple use cases, such as intra-frequency gapless measurement and SCC without SSB configured. In the end RAN4 agreed to introduce CSI-RS based RRM requirements in Rel-16.
In the past several meetings there were further discussions triggered by RAN2 LS [3]. There are agreements as follows in RAN1 on CSI-RS based according to RAN1 reply LS [4].
	RAN1 has agreed that from RAN1 perspective, frequency layer for CSI-RS mobility resources is measurement object (MO). Furthermore, RAN1 agreed that ‘frequency layer’ used in RAN1 specification should be changed to ‘measurement object’ and the changes to the RAN1 specification have been endorsed. 
Additionally, RAN1 has agreed that CSI-RS resources in the same MO shall have the same centre frequency (i.e., startPRB + floor(nrofPRBs/2)) value and have the same SCS, and would like to recommend to RAN2 to capture the restriction in appropriate RAN2 specifications.


RAN4 RRM requirements should take latest RAN1 agreements into account.

Definition of CRS-RS based intra frequency and inter frequency measurement
During the early phase of NR RRM discussion, the definition of intra-frequency and inter-frequency measurement for CSI-RS based RRM measurement was discussed and agreements were reached. The definition was captured in TS 38.300 as follows.
-	CSI-RS based intra-frequency measurement: a measurement is defined as a CSI-RS based intra-frequency measurement provided the bandwidth of the CSI-RS resource on the neighbour cell configured for measurement is within the bandwidth of the CSI-RS resource on the serving cell configured for measurement, and the subcarrier spacing of the two CSI-RS resources is the same.
-	CSI-RS based inter-frequency measurement: a measurement is defined as a CSI-RS based inter-frequency measurement provided the bandwidth of the CSI-RS resource on the neighbour cell configured for measurement is not within the bandwidth of the CSI-RS resource on the serving cell configured for measurement, or the subcarrier spacing of the two CSI-RS resources is different.
According to latest RAN1 agreements, the centre frequencies of all the CSI-RS resources configured in one MO are aligned, i.e. same centre frequency should be configured.
One example of MO configuration is as in Figure 1 below. It can be seen from Figure 1 that the CSI-RS resources of 3 cells are at the same center frequency. It fulfills RAN1 restriction of center frequency alignment so it can be configured in one MO. However from RAN4 point of view Cell 1 and Cell 2 cannot be configured in one MO as Cell 1 is intra-frequency measurement and Cell 2 is inter-frequency measurement.

[image: ]
Figure 1. MO configuration

Another example of MO configuration is as in Figure 2 below. It can be seen from figure 2 that bandwidth of CSI-RS resources on Cell 1 and Cell 2 are within the bandwidth of serving cell. The Cell 1 and Cell 2 measurements are intra-frequency measurement so Cell 1 and Cell 2 can be configured with serving cell in one MO from RAN4 perspective. However center frequency of CSI-RS resources of Cell 2 is not aligned with that of CSI-RS resources of serving cell and Cell 1, it is not valid MO configuration according to center frequency restriction.
[image: ]
Figure 2. MO configuration


To solve the issue of misalignment of measurement object configuration between intra frequency and inter frequency measurement definition and same center frequency in one MO, the definition of intra-frequency measurement and inter-frequency measurement should be revised. The proposed definition of CSI-RS based intra frequency and inter frequency measurement as follows.
Proposal 1: The definition of intra-frequency measurement and inter-frequency measurement for CSI-RS based RRM measurement should be defined as follows.
-	CSI-RS based intra-frequency measurement: a measurement is defined as a CSI-RS based intra-frequency measurement provided the centre frequency of the CSI-RS resource on the neighbour cell configured for measurement is the same as centre frequency of the CSI-RS resource on the serving cell configured for measurement, and the subcarrier spacing of the two CSI-RS resources is the same.
-	CSI-RS based inter-frequency measurement: a measurement is defined as a CSI-RS based inter-frequency measurement provided the centre frequency of the CSI-RS resource on the neighbour cell configured for measurement is not the same as centre frequency of the CSI-RS resource on the serving cell configured for measurement, or the subcarrier spacing of the two CSI-RS resources is different.

Measurement bandwidth of CSI-RS for RRM requirements
The measurement bandwidth is signaled in measurement object. In one MO the measurement bandwidth could be different for different cells. The configurable measurement bandwidth for a cell is 24PRBs, 48PRBs, 96PRBs, 192PRBS, and 264PRBs. The signaling are as follows in TS38.331.
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
}

From RAN4 RRM requirements all of the measurement bandwidth should be supported. Otherwise there will be hole to configure certain measurement bandwidth allowed by RRC configuration.
Proposal 2: All the configurable measurement bandwidth for a cell, i.e. 24PRBs, 48PRBs, 96PRBs, 192PRBS, and 264PRBs, should be supported from RAN4 RRM requirements perspective.

UE measurement capability for CSI-RS based measurement
The UE measurement capability of monitoring multiple layers using gaps are specified for SSB based measurement. For example the UE measurement capability for SA in TS38.133 are as follows.
	When monitoring of multiple inter-RAT E-UTRAN carriers and inter-frequency NR carriers using gaps (or without using gaps provided the UE supports such capability) is configured by PCell, the UE shall be capable of performing one measurement of the configured measurement type (SS-RSRP, SS-RSRQ, SS-SINR, E-UTRAN RSRP, E-UTRAN RSRQ, E-UTRAN RS-SINR measurements, etc.) of detected cells on all the layers.
……
If a UE is configured with SA NR operation mode, the UE shall be capable of monitoring at least:
-	Depending on UE capability, 7 NR inter-frequency carriers configured by PCell, and



When CSI-RS based RRM is also configured, new UE capabilities of monitoring multiple layers using gaps should be defined. As CSI-RS based measurement object could be different from SSB based measurement object in terms of frequency layer. Sharing UE capability of monitoring multiple layers using gaps by SSB based measurement and CSI-RS based measurement will degrade UE mobility performance as less number of layers for SSB based measurement can be configured.
Proposal 3. Separated UE capability of monitoring multiple layers using gaps for CSI-RS based measurement for L3 mobility should be specified.
It may be reasonable to reuse the capability for SSB based measurement, i.e. 7 inter frequency layers for CSI-RS based measurement.
Proposal 4. UE shall be capable of monitoring at least 7 NR inter frequency layers for CSI-RS based measurement for L3 mobility 

The UE capability of number of cells and number of SSBs that the UE shall be capable of performing SSB based measurement are also specified for intra frequency measurement and inter frequency measurement in FR1 and FR2 respectively. Since it is clearly specified for SSB based measurement, new UE capability of number of cells and number of CSI-RS resources should be specified for CSI-RS based measurements.
Proposal 5. UE capability of number of cells and number of CSI-RS resources that the UE shall be capable of performing CSI-RS based measurement for L3 mobility should be specified.

Regarding the number of cells it is reasonable that UE is capable of performing CSI-RS based intra frequency measurements for at least 8 identified cells in FR1. But for inter frequency measurements performing CSI-RS based measurement on 4 identified cells in FR1 is not enough. It would restrict CSI-RS resource configuration in network. It is proposed to use the same number for intra frequency measurement. 
Proposal 6. UE shall be capable of performing CSI-RS based measurements for at least 8 identified cells in FR1 for intra frequency measurement and inter frequency measurement.
Proposal 7. UE shall be capable of performing CSI-RS based measurements for at least 6 identified cells in FR2 for intra frequency measurement and inter frequency measurement.

Regarding the number of CSI-RS resources that UE shall be capable of performing measurement over, maybe more studies are needed. In general, we think larger number of CSI-RS resources than number of SSBs should be specified as CSI-RS resources are supposed be finer beams than SSBs. The configurable CSI-RS resources for a cell could be 96 if MO is configured with associatedSSB, or 64 if not all the CSI-RS resources in the MO is configured with associatedSSB,
Proposal 8. Large number of CSI-RS resources than number of SSBs in current spec should be specified for CSI-RS based measurement.

Intra-frequency and inter-frequency measurement requirements
To define RRM requirements for CSI-RS based measurement, definitions of intra-frequency and inter frequency measurement should be decided firstly.  Based on definition we proposed in this contribution, the requirements should be defined for following scenarios.
· Intra frequency measurement without gaps
· Intra frequency measurement with gaps
· Inter frequency measurement without gaps
· Inter frequency measurement with gaps
Whether a CSI-RS based measurement needs gaps depends on the active BWP and CSI-RS resources.  If the CSI-RS resources of a cell is within the active BWP of the UE then no gaps are needed to do measurements, no matter it is intra-frequency measurement or inter frequency measurement. Otherwise measurement gaps are needed.
To decide the measurement period for CSI-RS based measurement simulation campaign is needed.
Proposal 9. RRM requirements for CSI-RS based measurements are specified for scenarios
· Intra frequency measurement without gaps
· Intra frequency measurement with gaps
· Inter frequency measurement without gaps
· Inter frequency measurement with gaps
Proposal 10. Simulation campaign is needed to decide measurement period for CSI-RS based measurements.

3. Conclusion
In this contribution, we provided our views on on aspects of RRM requirements for CSI-RS based L3 measurements. Based on the observations following proposals are present. 
Proposal 1: The definition of intra-frequency measurement and inter-frequency measurement for CSI-RS based RRM measurement should be defined as follows.
-	CSI-RS based intra-frequency measurement: a measurement is defined as a CSI-RS based intra-frequency measurement provided the centre frequency of the CSI-RS resource on the neighbour cell configured for measurement is the same as centre frequency of the CSI-RS resource on the serving cell configured for measurement, and the subcarrier spacing of the two CSI-RS resources is the same.
-	CSI-RS based inter-frequency measurement: a measurement is defined as a CSI-RS based inter-frequency measurement provided the centre frequency of the CSI-RS resource on the neighbour cell configured for measurement is not the same as centre frequency of the CSI-RS resource on the serving cell configured for measurement, or the subcarrier spacing of the two CSI-RS resources is different.
Proposal 2: All the configurable measurement bandwidth for a cell, i.e. 24PRBs, 48PRBs, 96PRBs, 192PRBS, and 264PRBs, should be supported from RAN4 RRM requirements perspective.
Proposal 3. Separated UE capability of monitoring multiple layers using gaps for CSI-RS based measurement for L3 mobility should be specified.
Proposal 4. UE shall be capable of monitoring at least 7 NR inter frequency layers for CSI-RS based measurement for L3 mobility 
Proposal 5. UE capability of number of cells and number of CSI-RS resources that the UE shall be capable of performing CSI-RS based measurement for L3 mobility should be specified.
Proposal 6. UE shall be capable of performing CSI-RS based measurements for at least 8 identified cells in FR1 for intra frequency measurement and inter frequency measurement.
Proposal 7. UE shall be capable of performing CSI-RS based measurements for at least 6 identified cells in FR2 for intra frequency measurement and inter frequency measurement.
Proposal 8. Large number of CSI-RS resources than number of SSBs in current spec should be specified for CSI-RS based measurement.
Proposal 9. RRM requirements for CSI-RS based measurements are specified for scenarios
· Intra frequency measurement without gaps
· Intra frequency measurement with gaps
· Inter frequency measurement without gaps
· Inter frequency measurement with gaps
Proposal 10. Simulation campaign is needed to decide measurement period for CSI-RS based measurements.
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