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1 Introduction

RAN2 has discussed the RRC involvement mobility for a few meeting cycles. The agreements for connected active mode and idle/inactive mode are presented as follows.
Agreements for connected active in RAN2#96 meeting
1: 
RRM measurement for cell level mobility should be performed based on a common framework regardless of network beam configurations (e.g., number of beams) and the UE beam configuration.

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

Agreements for idle/inactive in RAN2 NR AH:

1:
LTE cell selection and reselection mechanisms are the baseline for NR.

2:
In multi-beam operations, measurement quantity of a cell is derived amongst the beams corresponding to the same cell.

FFS how to derive the cell level measurement quantity from multiple beams (may or may not be different from connected).

In this contribution, we discuss how to derive a cell quality based on individual beam measurement results and provide our views. 
2 Discussion
Due to the multi-beam operation in NR, how to derive a cell quality from multiple beams is a basic issue that needs to be solved in connected and idle/inactive mode. In this paper, we focus the discussion on connected mode. Similar approach could also be applied to idle/inactive mode.

In order to address how to derive a cell quality for RRM measurement, we discuss from the following two aspects in this paper. 

· Which beams should be selected to derive cell level quality?

· How to calculate a cell quality based on individual beam results?

2.1 Motivation for LTE-anchored and NR-anchored DC

In last meeting, the following options are agreed to be studied for deriving a cell level quality in multi-beam operation scenario.

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. As illustrated in Figure 1, cell1 quality will be deteriorated due to the poor beam3. 
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Figure 1: beam measurement results

“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. However, it may also cause some problem. As illustrated in Figure 2, cell1 has only one good beam and cell2 has three qualified beams. If linear averaging of individual beam results is considered to derive a cell quality, cell1 will have better cell1 quality than cell2. However, different scenario may require different considerations. For example, in high reliability scenario, cell2 with more qualified beams are more stable and could be selected as target cell; in high throughput scenario, cell1 with the best beam may provide higher throughput for UE and could be selected as target cell. Hence, in multi-beam operation scenario, only considering the cell level quality is not enough for making handover decisions, the number of beams used for deriving a cell quality is also very important. 
Observation: The number of beams used for deriving a cell quality is important for making handover decision.
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Figure 2: beam measurement results

In order to solve the above issues, one alternative is using “N best beams above a threshold”. gNB will configure a beam number “N” together with a threshold. “N” is the upper bound number of beams used for deriving a cell quality. Cells who have qualified beams less than “N” will use the actual detected qualified beams to derive a cell quality. Cells who have qualified beams more than “N” will use the top “N” best beam to derive a cell quality.
The other alternative is using “beams above a threshold” with UE reporting number of qualified beams. gNB configure a threshold. UE derive a cell quality based on the beam measurement results above the configured threshold. And UE will report the number of qualified beams “N” together with the cell quality. 
Proposal 1: It is proposed to consider the following two options to derive a cell level quality

· Option 1: N best beam above a threshold

· Option 2: beams above a threshold with UE reporting number of qualified beams
2.2  How to calculate a cell quality based on individual beam results?

In section 2.1, we discuss which beams should be selected among the detected beams to derive a cell quality. In this section, we discuss how to calculate the cell quality based on the selected individual beam measurement results.
· 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.
· 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. But as we discussed in section 2.1, 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.
Proposal 2: Linear averaging of individual beam results could 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.
Proposal 3: Weighted averaging to calculate a cell quality could be considered for further study.

3 Conclusion
In this contribution, we discuss how to derive a cell quality based on individual beam measurement results for RRM measurement. The observation and proposals are provided as follows:
Observation: The number of beams used for deriving a cell quality is important for making handover decision.

Proposal 1: It is proposed to consider the following two options to derive a cell level quality

· Option 1: N best beam above a threshold

· Option 2: beams above a threshold with UE reporting number of qualified beams
Proposal 2: Linear averaging of individual beam results could be considered as the baseline to calculate a cell quality.

Proposal 3: Weighted averaging to calculate a cell quality could be considered for further study.
