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1. Introduction
In RAN4 #93 meeting, RAN4 had discussed the definition of CSI-RS based intra-frequency and inter-frequency measurement. RAN4 agreed that the MO configuration when defining intra-frequency and inter-frequency measurement in the agreed WF [1] as follows.
	· MO configuration
· Case 1: all CSI-RS resources in the same MO have the same center frequency, BW, SCS, CP type configured.
· Case 2: all CSI-RS resources in the same MO have the same center frequency, SCS, CP type configured. BW can be different.
· RAN4 will study the RRM requirements at least for Case 1 MO configuration. FFS how to address Case 2.
· Note: this does not exclude defining requirements for Case 2.
· Case 1: CSI-RS resource of serving cell is available
· CSI-RS based intra-frequency measurement: a measurement is defined as a CSI-RS based intra-frequency measurement provided that:
· the SCS of CSI-RS on the serving cell and neighbor cell is the same
· the CP type of CSI-RS on serving cell and target cell is the same
· It is applied for SCS = 60KHz
· the center frequency, bandwidth and active BWP
· Option 1: the center frequency of CSI-RS on the serving cell and neighbor cell is the same, and
· Option 2: the bandwidth of the CSI-RS on the neighbor cell is within the active BWP of the UE, and
· Option 3: the bandwidth of CSI-RS on the target cell is the same as bandwidth of CSI-RS resources on the serving cell
· Any combination of options above
· Note 1: the RAN4 design shall not contradict RAN2 agreements on MO signalling
· Note 2: the definition of intra-frequency and inter-frequency measurement shall not impact RAN1’s agreement on the definition of the same MO
· Case 2: CSI-RS resource of serving cell is not available
· Option 1: All MO are inter-frequency
· Option 2: No requirement is applied


In this contribution, we further discuss the definition of CSI-RS based intra-frequency and inter-frequency measurement and provide our proposals.
2. Discussion
2.1 Background on CSI-RS configuration for RRM measurement
RAN1 had discussed the CSI-RS configuration for RRM measurement, and from RAN1’s perspective in the LS [2], frequency layer for CSI-RS mobility resources is measurement object (MO), and RAN1 has additionally agreed that CSI-RS resources in the same MO shall have the same center frequency, i.e. startPRB + floor(nrofPRBs/2) value and have the same SCS. In addition, RAN1 has clarified in the LS that CSI-RS resources have different center frequency (i.e. startPRB + floor (nrofPRBs/2)) in a MO should not be supported. As illustrated in figure 1, MO1 is the supported configuration, however, MO2 is not supported from RAN1 perspective. 


  
Figure 1:  MO2 is not supported from RAN1 perspective
Observation 1: From RAN1 perspective, frequency layer for CSI-RS mobility resources is measurement object (MO). And CSI-RS resources in the same MO shall have the same center frequency.
2.2 Discussion 
In last meeting, RAN4 had discussed the conditions to define intra-frequency measurement, and the following the conditions were agreed: 
· The SCS of CSI-RS on the serving cell and neighbor cell is the same. 
· the CP type of CSI-RS on serving cell and target cell is the same
· It is applied for SCS = 60KHz
However, for other conditions were FFS, i.e. the center frequency, CSI-RS resource BW. According to the agreements on MO configurations when defining intra-frequency measurement, the only difference between case 1 and case 2 is whether CSI-RS BW can be the same in one configured MO. According to the CSI-RS based RRM measurement configuration framework defined in TS38.331 [3], a UE may be configured with different BW of CSI-RS for different neighbor cells for mobility measurement in one MO. From network point of view, it is unlikely to configure always the same BW of CSI-RS for configured cells in one MO. Thus, we propose both case 1 and case 2 shall be define the related RRM requirements.
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
}

Proposal 1: RAN4 will define the RRM requirements for Case 1 and Case 2 MO configuration.
In case the CSI-RS resource of serving cell is not available, UE would need measurement gap to perform the CSI-RS based measurement on target cell. Thus, it is proposed that all the MO can be considered as inter-frequency measurement.
Proposal 2: If the CSI-RS resource of serving cell is not available, the MOs configured for CSI-RS based RRM measurement are defined as CSI-RS based inter-frequency measurement.
The definition of CSI-RS based intra-frequency measurement can be discussed based on case 1 and case 2 MO configuration assumption, figure 2 illustrates the scenario of case 1 where the CSI-RS resources for cell1 and cell2 are configured with the same BW, center frequency, SCS and CP type.
Scenario 1: When the BW of target cell is within UE active BWP


If the center frequency of CSI-RS on the serving cell and that on neighbor cell is the same, UE can perform the CSI-RS based measurement without interruption on serving cell and target cell simultaneously. 
Scenario 2: When the BW of target cell is larger than UE active BWP


As illustrated in figure 3, UE can perform the CSI-RS based measurement with interruption on serving cell and target cell simultaneously.
Since the BW of target cells in one MO are the same for both scenario #1 and #2, the UE measurement behavior for different target cells in one MO is the same, so the intra-frequency measurement should be defined based on MO specific other than cell specific. 
If different BW is configured for different neighbor cells in one MO, as illustrated in figure 4, UE can perform the CSI-RS based measurement on Cell1 without interruption, while, UE need to adjust its RF chain to receive the CSI-RS signals on Cell2. As the UE measurement behavior for different target cells in one MO is different, it can be defined as inter-frequency measurement for such MO configuration from requirements perspective.


In summary, we think the definition of CSI-RS based intra-frequency measurement shall take RAN1’s agreement and the MO configuration into account. The definition can be defined as follows:
· When CSI-RS resource of serving cell is available
· CSI-RS based intra-frequency measurement: a measurement is defined as a CSI-RS based intra-frequency measurement provided that:
· the SCS of CSI-RS on the serving cell and neighbor cell is the same, and
· the CP type of CSI-RS on serving cell and target cell is the same, and
· It is applied for SCS = 60KHz
· the center frequency of CSI-RS on the serving cell and neighbor cell is the same
· the BW of CSI-RS resources in the same MO is the same 
· Otherwise, it can be defined as CSI-RS based inter-frequency measurement.
· When CSI-RS resource of serving cell is not available
· the MOs configured for CSI-RS based RRM measurement are defined as CSI-RS based inter-frequency measurement
Proposal 3: The definition of intra-frequency measurement and inter-frequency measurement for CSI-RS based RRM measurement shall be defined as follows:
· When CSI-RS resource of serving cell is available
· CSI-RS based intra-frequency measurement: a measurement is defined as a CSI-RS based intra-frequency measurement provided that:
· the SCS of CSI-RS on the serving cell and neighbor cell is the same, and
· the CP type of CSI-RS on serving cell and target cell is the same, and
· It is applied for SCS = 60KHz
· the center frequency of CSI-RS on the serving cell and neighbor cell is the same
· the BW of CSI-RS resources in the same MO is the same 
· Otherwise, it can be defined as CSI-RS based inter-frequency measurement.
· When CSI-RS resource of serving cell is not available
· the MOs configured for CSI-RS based RRM measurement are defined as CSI-RS based inter-frequency measurement
3. Conclusion
In this contribution, we further discussed the definition of CSI-RS based intra-frequency and inter-frequency measurement and provide our proposals as follows:
Observation 1: From RAN1 perspective, frequency layer for CSI-RS mobility resources is measurement object (MO). And CSI-RS resources in the same MO shall have the same center frequency.
Proposal 1: RAN4 will define the RRM requirements for Case 1 and Case 2 MO configuration.
Proposal 2: If the CSI-RS resource of serving cell is not available, the MOs configured for CSI-RS based RRM measurement are defined as CSI-RS based inter-frequency measurement.
Proposal 3: The definition of intra-frequency measurement and inter-frequency measurement for CSI-RS based RRM measurement shall be defined as follows:
· When CSI-RS resource of serving cell is available
· CSI-RS based intra-frequency measurement: a measurement is defined as a CSI-RS based intra-frequency measurement provided that:
· the SCS of CSI-RS on the serving cell and neighbor cell is the same, and
· the CP type of CSI-RS on serving cell and target cell is the same, and
· It is applied for SCS = 60KHz
· the center frequency of CSI-RS on the serving cell and neighbor cell is the same
· the BW of CSI-RS resources in the same MO is the same 
· Otherwise, it can be defined as CSI-RS based inter-frequency measurement.
· When CSI-RS resource of serving cell is not available
· the MOs configured for CSI-RS based RRM measurement are defined as CSI-RS based inter-frequency measurement
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