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1. Introduction 
In RAN2#98 the following papers were treated, and the corresponding agreements were made:

Cell quality derivation
R2-1705736
Way Forward for Cell Quality Derivation
 Samsung, NEC

R2-1704526
Cell Quality Derivation for RRM Measurements in NR
MediaTek Inc. 

R2-1704832
RRM Measurements open issues
Sony

Agreements for combining of beam measurements if N > 1:

· Averaging will be based on power values (i.e. not dBm values)
· Working assumption: Average of up to best N of the detected beams above absolute threshold
Configuration of N
R2-1705793
On the Number of Beams to Derive Cell Quality
CMCC

Agreements

· N (used in cell quality derivation) is configured per carrier.
· FFS Whether a different value can be configured for NR-SS and CSI-RS and whether it can be configured per cell.
In this document we address the highlighted points.

2. Discussion

Configuration of N
· FFS Whether a different value can be configured for NR-SS and CSI-RS and whether it can be configured per cell.

It should be possible to compare cell qualities of cells on which different numbers of beams are measured - e.g. a cell with 1 detected good beam, compared to a cell with 3 detected good beams, as illustrated in figure 1.
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Figure 1: Cells with a different number of good beams. 

Depending on the network deployment, different cells might be deployed with different beam widths, number of beams and this might also vary for NR-SS and CSI-RS in a single cell. Therefore it seems fairly obvious to us that the flexibility should be there to optionally configure N as a cell specific value or as a measurement event specific value (i.e. can be different for events using NS-SS and events using CSI-RS) rather than restrict to a carrier specific value only – this is in line with the input in [5] which suggests the value may be different per cell.
Proposal 1: N can optionally be configured as a cell specific value, or a measurement event specific value. 

Averaging

· Working assumption: Average of up to best N of the detected beams above absolute threshold

The working assumption is that averaging (using linear power values) of beams above an absolute threshold is used to determine cell quality. 
However, a pure linear average may result in fact in a cell with only one good beam (above the threshold) being evaluated as a better quality cell than a cell with multiple good beams (above the threshold), even if the best beam is significantly worse. A simple example is shown below in figure 2.
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Figure 2: Comparing 2 cells using average of beams above a threshold. 

In the example above, the UE is able to detect 2 beams on each of the 2 cells, but is closer to cell 2. As a result each of the 2 beams of cell 2 are measured slightly higher than each of the 2 beams on cell 1. However, the lower quality beam on cell 1 falls below the “good beam” threshold resulting in the average to be equal to the measurement of the best beam only. On cell 2, both beams are above the “good beam” threshold and therefore the average is the mean value of both beams measurement. As a result, the overall cell quality of cell 1 appears to be better than the overall quality of cell 2, even though it is clearly not the case.

In order to avoid this effect, we have a few options. 
Option 1) Keep the working assumption of using a linear average + additionally use an offset which is scaled depending on the number of good beams. The offset should be configurable at least per measurement event and potentially per carrier/cell.
Option 2) Linear SUM. This would change the working assumption, however an offset isn’t necessarily needed because, in the example above, the sum of beam qualities will result in the cell with more beams (cell 2) being evaluated as a higher quality than the cell with only 1 beam (cell 1). It is still possible for cells with more beams to be evaluated with poorer quality than a cell with fewer beams if the individual beam qualities are significantly lower. 

Option 3) WEIGHTED average/sum. This option was proposed in our previous paper [4] however there was not much support for it. However, it is worth reconsidering as it should overcome the drawbacks with options 1 and 2 allowing the best beam to carry most weight and other beams to carry less weigh avoids the need for an offset.  
Proposal 2: To allow for the comparison of cell qualities when using N>1 discuss which of the 3 options to agree for cell quality derivation.

3. Conclusion
In this paper we have addressed the FFS points related to cell quality derivation using multiple beams and propose the following:
Proposal 1: N can optionally be configured as a cell specific value, or a measurement event specific value. 

Proposal 2: To allow for the comparison of cell qualities when using N>1 discuss which of the 3 options to agree for cell quality derivation.

Option 1) Linear average + offset.

Option 2) Linear SUM. 

Option 3) WEIGHTED average/sum. 
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