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1 Introduction

At RAN2#97 meeting, it was agreed to that cell quality can be derived from N best beams where value of N can be configured to 1 or more than 1. But whether to only consider beams above a threshold (‘good’ beams) is still FFS. 
Agreement

1
Cell quality can be derived from N best beams where value of N can be configured to 1 or more than 1. 

FFS: Details of filtering to be applied

FFS: How the quality of the serving cell is determined (e.g. from serving beam only or cell quality)

FFS: Whether the agreement applies to both additional RS and idle RS.

FFS: Whether to only consider beams above a threshold ('good' beams)
In this contribution, we discuss the necessity of configuring threshold and how to configure the threshold for deriving cell quality.
2 Discussion
2.1 Necessity of threshold for deriving cell quality 
The main problem of configured “N” best beam is that the cell quality may be deteriorated if some beam qualities are very poor compared to others among the “N” beams [1]. As illustrated in Figure 1, cell1 quality will be deteriorated due to the poor beam3. Configuring a threshold can avoid the negative impact of some very poor beams, and make sure that all the beams used for deriving a cell quality are “good” to serve the UE. 
Proposal 1: gNB configured threshold should be considered for deriving cell quality.
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Figure 1: beam measurements
gNB will configure a threshold together with a beam number “N”. The beam whose measurement fulfills the threshold can be regarded as “good beam” and used for deriving cell quality. The beam number “N” is the upper bound number of beams used for deriving a cell quality. Cells who have good beams less than “N” will use the actual detected good beams to derive a cell quality. Cells who have good beams more than “N” will use the top “N” best beam to derive a cell quality.
Proposal 2: The configured beam number N is the upper bound beam number for deriving cell quality.
2.2 How to configure threshold
Regarding how to configure the threshold, basically there are two directions. One is specifying new threshold, the other is reusing existing threshold. In this section, we discuss how to configure the threshold from the above two directions.

2.2.1 Specifying new threshold
The specified new threshold can help network select the good beams. However the main concern is that event A2 and A5 may not be triggered, since UE only calculate the beams above certain threshold to derive cell quality. One option to solve this problem is that UE could report “0” if all the beams of the cell are below the threshold. The other option is that UE report the best beam as cell quality if all the beams of the cell are below the threshold. The potential issue of reporting “0” is that network see “0” instead of real cell quality, which is not beneficial for helping network make HO decisions. Hence, we prefer to use the best beam as cell quality when all beams are below configured threshold.

Proposal 3: If all beams are below the configured absolute threshold, cell quality should be derived based on the best beam.
The specified new threshold could be same for all cells, or per frequency or per cell. Same threshold for all cells is simplest for network configuration and beneficial for reducing signaling overhead. The threshold can be transmitted in SIB3. 
Per frequency and per cell requires serving cell to configure the thresholds of all neighbouring frequencies or cells for the UE in order to perform measurements. For idle mode, gNB needs to transmit the neighbouring threshold information in SIB3, which will increase the signaling overhead, especially for per cell thresholds. For connected mode, gNB could configure the neighbouring threshold in measurement configuration. Per frequency threshold need to be configured for each measurement object. Per cell threshold need to be configured for each cell in the neighbour cell list, which may need some interaction between gNBs.
The purpose of having the threshold is to select relative “good” beams to derive the cell level quality. There is no obvious benefit to configure different thresholds for each frequencies or cells. Hence, we propose to consider the same threshold for all cells in order to reduce the signaling overhead.
Proposal 4: The new specified threshold for deriving cell quality should be same for all cells and can be transmitted in SIB3.
2.2.2 Reusing existing threshold

In LTE, there are already some specified thresholds both in idle mode and connected mode. We could also consider reusing the existing threshold in order to reduce the complexity of network configuration. For example, Qrxlevmin for cell selection, and SIntraSearchP/SnonIntraSearchP for idle mode measurement, s-Measure for connected mode measurement and thresholds for event evaluation.
1) Qrxlevmin 
In idle mode, Qrxlevmin is the minimum required Rx level in the cell for cell selection. UE should not camp on the cell if the cell quality is lower than Qrxlevmin. The same principle could also apply on beams. Beams whose quality below threshold Qrxlevmin is also not suitable for UE camping on. It is reasonable to rule out the beams below such threshold when deriving the cell quality. 
Normally in real network, Qrxlevmin is configured as a relative low value in order to help UE camping on a cell as soon as possible. So the potential issue is that Qrxlevmin will also involve some poor beams, and may not be sufficient for choosing “good” beams.
Observation 1: Qrxlevmin is not sufficient for deriving cell quality.
2) SIntraSearchP and SnonIntraSearchP
SIntraSearchP and SnonIntraSearchP are the existing threshold controlling neighbour cell measurements for cell re-selection in idle mode. If serving cell fulfills Srxlev > SIntraSearchP /SnonIntraSearchP, the UE may choose not to perform intra-frequency/inter-frequency measurements. As illustrated in equation (1) and (2), when UE measured serving cell RSRP (Qrxlevmeas) is lower than the threshold, UE will trigger neighbour cell measurements and try to find a better cell for re-selection, which means that serving cell is not “good” enough for UE.
Srxlev = (Qrxlevmeas-(Qrxlevmin + Qrxlevminoffset)-Pcompensation-Qoffsettemp) > SIntraSearchP/SnonIntraSearchP (1)
Qrxlevmeas > SIntraSearchP/SnonIntraSearchP + (Qrxlevmin + Qrxlevminoffset)+Pcompensation +Qoffsettemp    (2)
The same threshold can also be used as benchmark of “good” beams, and applied for deriving cell quality. As illustrated in Figure 2, if there is no such threshold, serving cell RSRP considering beam 1/2/3 will below the measurement threshold and trigger neighbouring cell measurement. Since serving cell RSRP will be lower than cell 2 RSRP due to the poor beam 3, UE will re-select to cell 2 based on the cell-ranking criterion R. However, all the beams in cell 2 are all below the measurement threshold. If UE re-select to cell 2, it will trigger neighbouring measurement again and try to find a better cell, which will cause additional UE power consumption. 
In this case, if the measurement threshold is considered as the cell quality threshold, only beam 1 and beam2 will be used for deriving cell quality. Then the serving cell fulfills Srxlev > SIntraSearchP /SnonIntraSearchP, UE is not required to perform neighbouring cell measurements for cell re-selection. 
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a) serving cell                                   b) neighbour cell
Figure 2: beam quality and cell quality
Note that if all the beams in the cell are below the threshold (as the neighbour cell in Figure 2), UE will derive the cell quality based on best beam as we discussed in proposal 4.
Proposal 5: Existing threshold SIntraSearchP and SnonIntraSearchP can be considered for cell quality deriving in idle mode.
3) Thresholds for event evalution
In connected mode, there are also some thresholds for measurement reporting event evaluation. Since the threshold for each event has different meaning and different values, it seems difficult to use the thresholds for event evaluation to derive cell quality. 

Observation 2: thresholds for measurement reporting event evaluation is not suitable for deriving cell quality.
4) s-Measure
s-Measure threshold controls whether or not the UE is required to perform measurements of intra-frequency, inter-frequency and inter-RAT neighbouring cells, which is similar as idle mode SIntraSearchP/SnonIntraSearchP. So the similar benefits we discussed above can also be observed in connected mode. 
Proposal 6: Existing threshold s-Measure can be considered for deriving cell quality in connected mode.
3 Conclusion
In this contribution, we discuss the necessity of configuring threshold and how to configure the threshold for deriving cell quality. Regarding how to configure the threshold, we discuss from two directions: specifying new threshold and reusing existing threshold.The proposals are provided as follows:
Proposal 1: gNB configured threshold should be considered for deriving cell quality.

Proposal 2: The configured beam number N is the upper bound beam number for deriving cell quality.

Proposal 3: If all beams are below the configured absolute threshold, cell quality should be derived based on the best beam.

Proposal 4: The new specified threshold for deriving cell quality should be same for all cells and can be transmitted in SIB3.

Proposal 5: The new specified threshold for deriving cell quality should be same for all cells and can be transmitted in SIB3.

Proposal 5: Existing threshold SIntraSearchP and SnonIntraSearchP can be considered for cell quality deriving in idle mode.

Proposal 6: Existing threshold s-Measure can be considered for deriving cell quality in connected mode.
Observation 1: Qrxlevmin is not sufficient for deriving cell quality.
Observation 2: thresholds for measurement reporting event evaluation is not suitable for deriving cell quality.
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