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1. Introduction

During last meeting, the WI on CSI-RS based RRM measurements requirements was approved in [1]. The content related with CSI-RS based intra-frequency measurement definition are duplicated as below.
	· The following condition is agreed to define CSI-RS based intra-frequency measurement

· the SCS of CSI-RS on serving cell and target cell is the same

· Additional conditions are FFS

· The candidate options listed in slide 4-8 are considered to define CSI-RS based intra-frequency and inter-frequency measurement in RAN4#93 meeting

· Other options are not precluded

· The definition of intra-frequency and inter-frequency measurement should take UE measurement capability, MO configuration feasibility etc. into consideration.


Several options are listed in the WF. This paper continues to discuss on the definition of CSI-RS based intra-frequency and inter-frequency measurement definition.
2. Discussion
Firstly we shall keep in mind that RAN1 has agreed in [2] that CSI-RS resources in the same MO shall have the same centre frequency value and have the same SCS. There are multiple CSI-RS resources in a MO. From UE implementation point of view, UE shall apply the same measurement principle for multiple CSI-RS resources in one MO. It shall be avoid that UE performs measurement without gap for one CSI-RS resource #1 and performs measurement with gap for CSI-RS resource #2 where CSI-RS resource #1 and CSI-RS resource #2 are in the same MO. 
Proposal 1: UE shall apply the same measurement principle for multiple CSI-RS resources in one MO.
From measurement point of view, the CSI-RS based intra-frequency measurement definition shall be based on per MO rather than per CSI-RS resource.
Proposal 2: CSI-RS based intra-frequency measurement definition shall be based on per MO rather than per CSI-RS resource.
In the following, we discuss the multiple options in agreed WF [1] separately.

· Option1 
	·  the centre frequency of CSI-RS resources on the target cell configured for measurement is the same as centre frequency of CSI-RS resources on the serving cell configured for measurement, and, 

· the SCS of CSI-RS on serving cell and target cell is the same
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Figure 1. Option 1 [1]

There may be multiple CSI-RS resources in serving cell. In order to avoid multiple intra-frequency MO, the reference point of the centre frequency of CSI-RS resources on the serving cell shall be firstly identified. As we know, for SSB based measurement, the intra-frequency measurement is defined as below [TS38.133].

“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 SSBs are also the same.”

Where the reference SSB is the absoluteFrequencySSB of the serving cell which is indicated by the signalling IE servingCellMO in ServingCellConfig. Similar, the CSI-RS based intra-frequency measurement can follow such definition as well.

In RAN2 the IE servingCellMO is specified as below, and the IE has provided guidance of deriving the reference centre frequency of CSI-RS measurement (see the yellow highlight).
	servingCellMO

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.   


From our point of view, the above reference point selection of centre frequency of the CSI-RS resources in the serving cell is clear. 
Observation 1: For option1, the reference point of centre frequency of CSI-RS resources on the serving cell shall be defined.
Observation 2: The centre frequency of CSI-RS resource indicated in servingCellMo can be regarded as the reference point of the CSI-RS resources in the serving cell.
As we know, the active BWP can be changed by DCI/Timer/ RRC. Thus it shall be noted that if the bandwidth of any target CSI-RS resource in one MO is not within the active BWP of serving cell, then the MO is regarded as intra-frequency measurement object. However the intra-frequency MO measurement needs measurement gap.

Observation 3: For option 1, if the bandwidth of any target CSI-RS resource in one MO is not within the active BWP of serving cell, then the MO is regarded as intra-frequency measurement object and measured with gap.
· Option 3
	- the centre frequency of CSI-RS resources on the target cell configured for measurement is the same as centre frequency of CSI-RS resources on the serving cell configured for measurement, and, 

-the bandwidth of CSI-RS resources of target cell configured for measurement is within the active BWP of serving cell, and, 

-the SCS of CSI-RS on serving cell and target cell is the same
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Figure 2. Option 3 [1]

Firstly we think the reference point of of centre frequency of CSI-RS resources on the serving cell shall be clearly identified for option 3 as well (like option 1).
Observation 4: For option3, the reference point of centre frequency of CSI-RS resources on the serving cell shall be defined.
The difference between option1 and option3 is one restriction on the bandwidth of CSI-RS resources of target cell configured for measurement. The intention of adding the restriction is to couple the CSI-RS based intra-frequency measurement with the use of measurement gap. It means that when the measurement is regarded as intra-frequency measurement then the measurement is performed without gap.
If the bandwidth of any target CSI-RS resource in one MO is not within the active BWP of serving cell, then the MO is regarded as inter-frequency measurement object and measured with gap.
Observation 5: For option 3, if the bandwidth of any target CSI-RS resource in one MO is not within the active BWP of serving cell, then the MO is regarded as inter-frequency measurement object and measured with gap.
Till now, option 1 and option 3 seem no essential difference. In the following we consider one special case. As we know that the active BWP switch can be based on DCI/ timer/RRC. Then the measurement type may change within one measurement periodicity.
According to definition of option 3, one MO is regarded as intra-frequency MO before active BWP changed and a part of samples are acquired for the MO. Immediately after BWP switch, the MO becomes inter-frequency MO.
According to the definition of option 1, one MO is intra-frequency MO without gap before active BWP changed and a part of samples are acquired for the MO. Immediately after BWP switch, the MO is still intra-frequency MO while needs measurement gap for measurement. 
Although the CSI-RS measurement requirements are not specified so far, the SSB based measurement requirements can be referred to. For SSB based measurement, the required available sample numbers of intra-frequency with and without gap are the same (5 samples for intra-frequency). However the required available sample numbers of intra-frequency and inter-frequency are different (5 samples for intra-frequency and 8 samples for inter-frequency). 
In order to use the samples efficiently, the better way is to remain one MO measurement type unchanged (i.e., always intra-frequency). From this perspective, we prefer option 1.
· Option 2
	-the bandwidth of CSI-RS resources of target cell configured for measurement is within the active BWP of serving cell, and, 

-the SCS of CSI-RS on serving cell and target cell is the same
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Figure 3. Option 2

In option 2, the measurement on the intra-frequency MO can be performed without gap. However according to option 2, there are multiple intra-frequency MOs for CSI-RS measurement. Currently there is no UE measurement capability for monitoring multiple intra-frequency layers. If option 2 is applied, the UE measurement capability for monitoring multiple intra-frequency layers shall be considered.
Observation 6: For option2, the UE measurement capability for monitoring multiple intra-frequency MOs shall be discussed.

· Option 4

	-the centre frequency of CSI-RS resources on the target cell configured for measurement is the same as centre frequency of CSI-RS resources on the serving cell configured for measurement, and, 

-the bandwidth of CSI-RS resources on the target cell configured for measurement is the same as bandwidth of CSI-RS resources on the serving cell configured for measurement, and, 

-the bandwidth of CSI-RS resources of target cell configured for measurement is within the active BWP of serving cell, and, 

-the SCS of CSI-RS on serving cell and target cell is the same
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Figure 4. Option 4 [1]
Option 4 has an additional restriction compared with option3: the bandwidth of CSI-RS resources on the target cell configured for measurement is the same as bandwidth of CSI-RS resources on the serving cell. During the online discussion, the intention of introducing the restriction is to guarantee the interference level from each to-be-measured cells are same. As we know, the time-frequency domain of CSI-RS resources are different, thus the interference is always different at time domain. In addition, the measurement bandwidth is left to UE implementation. Thus we don’t observe the necessity of limitation of the same bandwidth of CSI-RS resources on the target cell the same as bandwidth of CSI-RS resources on the serving cell.
Observation 7: For option 4, we don’t observe the necessity of limitation of the same bandwidth of CSI-RS resources on the target cell the same as bandwidth of CSI-RS resources on the serving cell.

Option 5 also have the condition of the same bandwidth of CSI-RS resources on the target cell the same as bandwidth of CSI-RS resources on the serving cell as option 4, thus we skip this option. It shall be pointed that the condition “the CSI-RS is configured within the MO indicated as servingCellMO in ServingCellConfig” is aligned with our observation #1 and #2.

Based on the above discussion, the definition of CSI-RS based intra-frequency measurement can be specified as below (option 1+ the reference point of centre frequency of CSI-RS resources on the serving cell):
· 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, and, 

· the SCS of CSI-RS on serving cell and target cell is the same

where all CSI-RS resources from the same MO should have the same centre frequency.

Proposal 3: The definition of CSI-RS based intra-frequency measurement can be specified as below:

· 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, and, 

· the SCS of CSI-RS on serving cell and target cell is the same

where all CSI-RS resources from the same MO should have the same centre frequency.

3. Conclusions

This contribution provides the preliminary discussion on definition of intra-frequency CSI-RS based measurements. The proposals are provided as below:
Observation 1: For option1, the reference point of centre frequency of CSI-RS resources on the serving cell shall be defined.
Observation 2: The centre frequency of CSI-RS resource indicated in servingCellMo can be regarded as the reference point of the CSI-RS resources in the serving cell.

Observation 3: For option 1, if the bandwidth of any target CSI-RS resource in one MO is not within the active BWP of serving cell, then the MO is regarded as intra-frequency measurement object and measured with gap.
Observation 4: For option3, the reference point of centre frequency of CSI-RS resources on the serving cell shall be defined.
Observation 5: For option 3, if the bandwidth of any target CSI-RS resource in one MO is not within the active BWP of serving cell, then the MO is regarded as inter-frequency measurement object and measured with gap.
Observation 6: For option2, the UE measurement capability for monitoring multiple intra-frequency MOs shall be discussed.

Observation 7: For option 4, we don’t observe the necessity of limitation of the same bandwidth of CSI-RS resources on the target cell the same as bandwidth of CSI-RS resources on the serving cell.
Proposal 1: UE shall apply the same measurement principle for multiple CSI-RS resources in one MO.
Proposal 2: CSI-RS based intra-frequency measurement definition shall be based on per MO rather than per CSI-RS resource.

Proposal 3: The definition of CSI-RS based intra-frequency measurement can be specified as below:

· 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, and, 

· the SCS of CSI-RS on serving cell and target cell is the same

where all CSI-RS resources from the same MO should have the same centre frequency.

4. References
[1] R4-1910956, WF on CSI-RS based RRM measurements requirements, CATT

[2] R1-1905909, Reply LS on clarification about CSI-RS measurement
8
6

