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1      Introduction

The following agreements were made related to measurement object for NR:

Agreements

1
There is one NR-ARFCN per MO

 Agreements:

1
SSB subcarrier spacing is configured in the MO. 

Agreements

1
UE determines which MO corresponds to the serving cell frequency from the frequency location of the CD-SSB that is contained within the serving cell configuration.

2
More than one MO with  CSI-RS resources for measurement can be associated to the same SSB location in frequency. The SSB is at least used for timing reference.

3
In case that more than one MO with  CSI-RS resources for measurement is associated to the same SSB location in frequency the UE is indicated which MO corresponds to the serving carrier.

FFS whether the indication is in MO or serving cell configuration 

5
Each SS block frequency which needs to be measured by the UE should be configured as individual measurement object (i.e. one measurement object corresponds to a single SS block frequency).

6
The cell defining SS block is considered as the time reference of the serving cell, and for RRM serving cell measurements based on SSB (irrespective of which BWP is activated).

This contribution is to discuss what is a frequency of the MO in NR and clarify if multiple measurement objects are allowed to be configured on the same carrier frequency with the same subcarrier spacing (both for SSB and CSI-RS).

2      Discussion
Multiple measurement objects in NR

In LTE, the frequency in the measurement object (MO) refers to the center frequency of the carrier. It is an important concept because the UE perform intra-frequency measurement within the MO. However, it is unclear “what is the frequency of the MO in NR?”. In NR MO, it is possible to configure both SSB and CSI-RS measurement. As for SSB, center frequency may be used (agreement 5 above indicates one MO corresponds to a single SS block frequency). As for CSI-RS, reference point A is given to locate CSI-RS resources to be measured. It may be also used to indicate as the frequency of the MO. However, the entire bandwidth span of all the configured CSI-RS resources should not be larger than the supported bandwidth of a CC for the UE. Therefore, it is proposed to define the frequency of the MO as follow:

· Center frequency of the SSB if present; otherwise,

· Reference point (ARFCN) of the CSI-RS resource if the entire bandwidth span of all configured CSI-RS resources should be smaller or equal to the supported bandwidth of a CC for the UE.

Observation 1: In LTE, there is a frequency of the MO but it is unclear what the frequency of the MO in NR is.

Proposal 1: RAN2 to define the frequency of the MO as follow:

· Center frequency of the SSB if present; otherwise,

· Reference point (ARFCN) of the CSI-RS resource if the entire bandwidth span of all configured CSI-RS resources should be smaller or equal to the supported bandwidth of a CC for the UE.

Base on the RAN2 agreement so far, it is unclear if multiple MO can be configured for the same carrier frequency with the same subcarrier spacing. Figure 1 shows some examples with multiple MO configurations:
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Figure 1: example of multiple MOs for serving frequency and non serving frequency

· Example 1: Multiple MO (e.g. MO2 and MO5 in Figure 1) with the same center frequency of the SSB with the same subcarrier spacing

· Base on agreement 5 above, this is an invalid configuration. 

· Example 2: multiple SSBs (e.g. MO1 and MO2 in Figure 1) within the same serving cell 

· Multiple SSBs are transmitted in one cell potentially associated to different BWPs. 

· Base on agreement 5, MO1 and MO2 are considered MO on different frequency because the center frequencies of the SSB are different. 

· This is a possible configuration.

· From UE perspective, only one SSB is considered as cell-defining SSB. 

· Example 3: Multiple CSI-RS configurations on different narrower carrier (e.g. MO1 and MO7) within the serving frequency  

· If reference point of MO1 and MO7 are different, the UE will consider these on different frequency. In case they point to the same reference point, MO1 and MO7 should be merged into a single MO.

· This is a possible configuration.

· Example 4: Multiple CSI-RS configurations within the same narrow carrier (e.g. MO4 and MO6) with the same subcarrier spacing

· There is no reason to have multiple MO point to the same CSI-RS configuration within the same narrow carrier. These two MO should be merge into a single MO. 

· This is an invalid configuration.

· Example 5: Multiple CSI-RS configurations on different narrower carrier within the non serving frequency (e.g. shown in Figure1 MO3 and MO4)   

· Since reference point of MO3 and MO4 would be different, the UE will consider these on different frequency. In case they point to the same reference point, MO3 and MO4 should be merged into a single MO. However, if overall frequency including both CSI-RS is wider than UE bandwidth capability, it should be configured as separate MOs. 
· This is a possible configuration.

In general, if the subcarrier spacing is different, MOs with the same carrier frequency are considered to be different frequency carrier (inter-frequency) from UE prospective. Base on the examples above, we propose the following for clarification: 

Proposal 2: Only one MO can be configured per center frequency of SSB with the same subcarrier spacing.

Proposal 3: Only one MO can be configured per reference frequency of CSI-RS with the same subcarrier spacing.

Proposal 4: UE considers different MO as inter-frequency measurement. 

Proposal 5: Same physical cell ID across different MOs are considered as different cells and hence CSI-RS measurement results of different MOs should not be combined for cell channel quality). 

3      Conclusion 

Observation 1: In LTE, there is a frequency of the MO but it is unclear what the frequency of the MO in NR is.

Proposal 1: RAN2 to define the frequency of the MO as follow:

· Center frequency of the SSB if present; otherwise,

· Reference point (ARFCN) of the CSI-RS resource if the entire bandwidth span of all configured CSI-RS resources should be smaller or equal to the supported bandwidth of a CC for the UE.

Proposal 2: Only one MO can be configure per carrier frequency with the same subcarrier spacing.

Proposal 3: Only one MO can be configured per reference frequency of CSI-RS with the same subcarrier spacing.

Proposal 4: UE considers different MO as inter-frequency measurement. 

Proposal 5: Same physical cell ID across different MOs are considered as different cells and hence CSI-RS measurement results of different MOs should not be combined for cell channel quality). 
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