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1. Introduction
Multiple beam operation scenario is very important in NR system design. In this contribution, we discuss the beam and cell level measurements and provide our views.
2.  Discussion
2.1 Beam and cell measurements

In 5G NR multi-beam operation scenario, cell is composed with multiple beams and covered in a beam sweeping manner. Hence, different from legacy LTE, UE measures individual beams instead of cell. A cell quality is derived based on the beam measurements. And the UE detected beams and the beams used for deriving a cell quality could be different. There are several options regarding which beams UE selects from the detected beams in order to derive a cell level quality agreed in RAN2#96 meeting:
FFS: Which beams the UE selects from the detected beams in order to derive a cell level quality. Options to be studied: 


a/ best beam, 


b/ N best beams, 


c/ all detected beams


d/ beams above a threshold.


Other options are not precluded
 “Best beam” considers only one beam for one cell. One good beam may be enough to serve the UE. But it may cause signal variations, especially for mmWave, and may cause pingpong HO. 
“All detected beams” may include some very weak beams, which are not necessary and may deteriorate the cell quality. Depending on UE capability, some UE with good sensitivity performance may detect some very weak signals. For these UEs, all detected beams may lead to underestimate of the cell quality and cannot reflect real cell quality for handover. 

As discussed above, neither one beam nor all detected beams is appropriate for deriving a cell level quality. Hence, solutions considering a set of beams seem to be a good tradeoff, i.e. N best beam or beams above a threshold. For “N best beams”, one problem is how to set the value “N”, since it is possible that UE can only detect beams less than “N” for some cells. The other problem is that it is possible some beam qualities are very poor compared to others among the “N” beams and will deteriorate the cell quality. “Beams above a threshold” can avoid the impact of some very poor beams, and make sure that all the beams used for deriving a cell quality are “qualified” to serve the UE. 
Observation 1: UE measures individual beams instead of cell in NR multi-beam operation scenario.
Observation 2: UE could select the “beams above a threshold” from the detected beams to derive a cell level quality.
After beam measurements and selection, how to calculate the cell quality is also need to be discussed. There are several options regarding how to calculate a cell quality as follows:
Linear summation

Linear summation calculates a cell quality by adding individual beam results. This option can only be used for RSRP. For measurement quantities reflecting cell quality (i.e. RSRQ and RS-SINR), linear summation cannot be used. Also, linear summation is strongly related to the beam number, UE cannot derive the relative RSRP properly based on this option. Hence, linear summation is not suggested for calculating a cell quality.
Observation 3: Existing RSRP, RSRQ and RS-SINR should be considered as measurement quantities for 5G NR.
Linear averaging

Linear averaging is a simple solution and can apply to all measurement quantities, including RSRP, RSRQ and RS-SINR. The only concern is that linear averaging may underestimate the cell quality when there are one good beam and several poor beams. However, by configuring a proper threshold, the impact of the poor beams can be avoided. Linear averaging could be considered as the baseline to calculate a cell quality.

Observation 4: Linear averaging of individual beam results should be considered as the baseline to calculate a cell quality.
Weighted summation
Weighted summation has the same problem with linear summation, i.e. only absolute RSRP can be applied using this solution. So weighted summation is not suggested for calculating a cell quality.

Weighted averaging

Weighted averaging is a more flexible solution. One benefit of weighted averaging is to avoid the impact of some very poor beams. However, as we discussed, by configuring a threshold, this problem can be solved properly. The other benefit to consider weighted averaging is for load balancing purpose. By configuring different weighted factor, load balancing could be achieved between different cells. But in this way, the weighted factor is not configured per beam, but per cell. Other beneficial use cases of weighted averaging solution could be further studied.
Observation 5: Weighted averaging to calculate a cell quality could be considered for further study.
2.2 Filtering
Figure 1 shows the LTE measurement model specified in TS36.300.
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Figure 1: LTE measurement model
In existing LTE measurement model, layer 1 filtering is performed internal to the physical layer, the exact filtering depends on UE implementation. In NR, there are two level measurements, i.e. beam level and cell level. The cell level measurements are derived from beam measurements. So there are three different options for filtering as follows:
· Option 1: Perform layer 1 and layer 3 filtering for cell measurements only. Cell measurements are derived based on beam measurements before layer 1 filtering.
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· Option 2: Perform layer 1 filtering for beam measurement and layer 3 filtering for cell measurements. Cell measurements are derived based on beam measurements after layer 1 filtering.
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· Option 3: Perform layer 1 and layer 3 filtering for beam measurements. Cell measurements are derived based on beam measurements after layer 3 filtering.
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Option 1 only performs layer 1 filtering for cell level. The beam measurements used for deriving cell level quality is without layer 1 filtering and may be fluctuated, especially when beams are changing frequently. If “beams above a threshold” is applied as we discussed in section 2.1, the selected beams used for deriving a cell quality for each time may not be the same. So the derived cell quality may also fluctuate and cannot reflect real cell quality.
Observation 6: Layer 1 filtering for beam measurements should be considered in NR multi-beam operation scenario.

The difference between option 2 and option 3 is whether layer 3 filtering is performed for beam measurements. This issue is related to another question: whether beam measurements are contained in measurement report. So far, RAN2 agreed to report cell measurements, whether to report beam measurements is FFS. Reported beam measurements could help gNB to select target beam(s) for UE. Hence, in order to obtain relative stable beam measurements, it is better to perform layer 3 filtering for beam measurements.
Observation 7: Layer 3 filtering for beam measurements should be considered in order to obtain stable beam measurement results.
3. Conclusion

In this contribution, we discuss the beam level and cell level measurements, and how to perform filtering. The observation are provided as follows:

Observation 1: UE measures individual beams instead of cell in NR multi-beam operation scenario.

Observation 2: UE could select the “beams above a threshold” from the detected beams to derive a cell level quality.

Observation 3: Existing RSRP, RSRQ and RS-SINR should be considered as measurement quantities for 5G NR.
Observation 4: Linear averaging of individual beam results should be considered as the baseline to calculate a cell quality.

Observation 5: Weighted averaging to calculate a cell quality could be considered for further study.
Observation 6: Layer 1 filtering for beam measurements should be considered in NR multi-beam operation scenario.

Observation 7: Layer 3 filtering for beam measurements should be considered in order to obtain stable beam measurement results.
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