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Introduction
During RAN4#94bis-e meeting, it was agreed to define the CSI-RS based intra-frequency measurements based on SCS, CP type and the center frequency of CSI-RS resources [1]. It is still open whether the CSI-RS resource in serving cell is indicated in ServingCellMO. In this paper, we firstly discuss the ServingCellMO configuration and provide our views on the CSI-RS based intra-frequency measurement definition.
           · 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
· Option 1 (Intel, MTK, Huawei, Apple, OPPO)
· the centre frequency of CSI-RS resources on the target cell configured for measurement is the same as centre frequency of CSI-RS resource on the serving cell indicated in servingCellMO
· Option 2 (ZTE, QC, CATT, NEC, Nokia, DOCOMO)
· the centre frequency of CSI-RS resources on the target cell configured for measurement is the same as centre frequency of CSI-RS resource on the serving cell
· Common understanding: centre frequency of CSI-RS resource on the serving cell is indicated in servingCellMO
· CSI-RS based inter-frequency measurement: a measurement is defined as a CSI-RS based inter-frequency measurement if it is not a CSI-RS based intra-frequency measurement


Definition of intra-frequency measurements
According to 3GPP TS 38.331[2], servingCellMO is configured in ServingCellConfig to indicate the measurement object ID which is associated to the serving cell. As it was agreed to define the requirements in Rel16 when CSI-RS is configured with an associated SSB, the ssbFrequency is configured indicating the frequency of the SS associated to the MO. And its value shall be the same as the absoluteFrequencySSB if the CSI-RS resource is indicated in the servingCellMO. 
Observation1: If the CSI-RS resource on the serving cell is indicated in servingCellMO, the ssbFrequency value in the MO shall be the same as the absoluteFrequencySSB in the ServingCellConfig.
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measObjectId of the MeasObjectNR in MeasConfig which is associated to the serving cell. For this MeasObjectNR, the following relationship applies between this MeasObjectNR and frequencyInfoDL in ServingCellConfigCommon of the serving cell: if ssbFrequency is configured, its value is the same as the absoluteFrequencySSB and if csi-rs-ResourceConfigMobility is configured, the value of its subcarrierSpacing is present in one entry of the scs-SpecificCarrierList, csi-RS-CellListMobility includes an entry corresponding to the serving cell (with cellId equal to physCellId in ServingCellConfigCommon) and the frequency range indicated by the csi-rs-MeasurementBW of the entry in csi-RS-CellListMobility is included in the frequency range indicated by in the entry of the scs-SpecificCarrierList.   


For CSI-RS based RRM measurement, a UE may be configured with a list of CSI-RS resources in the serving cell. These CSI-RS resources may be indicated in one MO associated to an ssbFrequency different from the absoluteFrequencySSB. They may also be contained in multiple MOs if the center frequencies of these CSI-RS resources are different wherein only one MO could be indicated in servingCellMO. In the cases, some CSI-RS resources to be measured are not indicated in the servingCellMO, but they should be considered as intra-frequency measurement as long as the center frequency is the same as the center frequency of the CSI-RS resource in neighbor cell. Therefore, the servingCellMO unnecessarily restricts the scope of CSI-RS based intra-frequency measurement.
Observation2: The servingCellMO unnecessarily restricts the scope of CSI-RS based intra-f measurements.
Taking above into account, the CSI-RS based intra-frequency measurements shall be defined provided 
· 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
· the centre frequency of CSI-RS resources on the target cell configured for measurement is the same as centre frequency of CSI-RS resource on the serving cell indicated for measurement
wherein the center frequency refers to the center frequency of all CSI-RS resources in one MO as defined in [2], i.e. (startPRB+floor(nrofPRBs/2)).
Proposal1: The CSI-RS based intra-frequency measurements shall be defined provided 
· 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
· the centre frequency of CSI-RS resources on the target cell configured for measurement is the same as centre frequency of CSI-RS resource on the serving cell indicated for measurement
wherein the center frequency refers to the center frequency of all CSI-RS resources in one MO as defined in [2], i.e. (startPRB+floor(nrofPRBs/2)).
Applicable scenarios for the requirements
From last RAN4 meeting, it was also agreed to define the intra-frequency requirements for the following scenarios. Under the condition “all CSI-RS resources in the same MO have the same BW”, if the CSI-RS resources in respective neighbor cells are configured with different measurement bandwidths, e.g. 48PRBs in neighbor cell 1, 96PRBs in neighbor cell 2, the serving cell would have to indicate the CSI-RS resources in multiple MOs dependent on the CSI-RS bandwidth. 
· Define intra-frequency requirements for the scenarios
· all CSI-RS resources in the same MO have the same BW 
· the BW of the CSI-RS on the neighbor cell is within the active BWP of the UE
· FFS: No requirement is defined when the BW of intra-MO is different from that of the CSI-RS resources configured for the serving cell in Rel-16 


As exampled in Figure 1, MO1 and MO2 are configured for measuring CSI-RS resources with 48PRB and 96PRB bandwidth respectively. If the requirements are only defined for the case where the BW of intra-MO is the same with that of the CSI-RS resources configured for serving cell, the MO2 may not be considered when evaluating the candidate target cells and the handover performance would be degraded. From UE point of view, as long as the center frequency of the CSI-RS resources in the neighbor cells are the same as the center frequency of the CSI-RS resource in serving cell, the UE is capable of measuring these CSI-RS resources without any difference assuming they are within active BWP. The case where the BW of intra-MO is different from that of the CSI-RS resources configured for the serving cell should also be considered in the CSI-RS based intra-frequency measurements.
Observation3: The UE is capable of measuring the CSI-RS resources with different bandwidths as long as the center frequency of the CSI-RS resources in the neighbor cells are the same as the center frequency of the CSI-RS resource in serving cell and they are within active BWP. 
Proposal2: The case where the BW of intra-MO is different from that of the CSI-RS resources configured for the serving cell should also be considered in the CSI-RS based intra-frequency measurement. 



Figure 1. Measurement configuration with different CSI-RS resource bandwidths
Some UE vendors argued they may have got problems to compare the CSI-RS based measurement results under different bandwidths, thus expect to compare the CSI-RS based measurement results over the same bandwidths for fair mobility decision. To address this issue, the UE does not need to measure the whole CSI-RS resource within 96PRB, instead, it can measure the CSI-RS with the same bandwidth as the CSI-RS resource configured in serving cell. This does not add much complexity to UE measurement behaviour while avoiding unreasonable restriction to CSI-RS based measurement configuration. Therefore, the UE measurement behaviour can be discussed if there is problem with comparing the CSI-RS based measurement results with different bandwidths.
Proposal3: The UE measurement behaviour can be discussed if there is problem with comparing the CSI-RS based measurement results with different bandwidths.    
The intra-frequency measurement is always prioritized for UE mobility evaluation, as it takes less measurement time and potentially brings only limited scheduling interruption rather than the long measurement gaps. Therefore, it is proposed to first work on the CSI-RS based intra-frequency measurement requirements in RAN4.
Proposal4: It is proposed to first work on the CSI-RS based intra-frequency measurement requirements in RAN4.
Conclusion
This contribution discusses whether to consider ServingCellMO in the CSI-RS based intra-frequency measurements definition. The observations and proposals are summarized as below: 
Observation1: If the CSI-RS resource on the serving cell is indicated in servingCellMO, the ssbFrequency value in the MO shall be the same as the absoluteFrequencySSB in the ServingCellConfig.
Observation2: The servingCellMO unnecessarily restricts the scope of CSI-RS based intra-f measurements.
Proposal1: The CSI-RS based intra-frequency measurements shall be defined provided 
· 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
· the centre frequency of CSI-RS resources on the target cell configured for measurement is the same as centre frequency of CSI-RS resource on the serving cell indicated for measurement
wherein the center frequency refers to the center frequency of all CSI-RS resources in one MO as defined in [2], i.e. (startPRB+floor(nrofPRBs/2)).
Observation3: The UE is capable of measuring the CSI-RS resources with different bandwidths as long as the center frequency of the CSI-RS resources in the neighbor cells are the same as the center frequency of the CSI-RS resource in serving cell and they are within active BWP. 
Proposal2: The case where the BW of intra-MO is different from that of the CSI-RS resources configured for the serving cell should also be considered in the CSI-RS based intra-frequency measurement. 
Proposal3: The UE measurement behaviour can be discussed if there is problem with comparing the CSI-RS based measurement results with different bandwidths.    
[bookmark: _GoBack]Proposal4: It is proposed to first work on the CSI-RS based intra-frequency measurement requirements in RAN4.
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