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Introduction
Cell quality derivation was discussed in the last RAN2 meeting and the following agreement and working assumption were made:	
Agreements
1	There is an additional configurable filter per beam of the beam level measurements output from the L1 filter for the purpose of reporting beam measurement results in RRC measurement reports.
2	There is no additional specified filter between the L1 filters and cell quality derivation function for the purposes of cell quality derivation
3	Same NR measurement model is applicable for measurements performed on CSI-RS or NR-SS.

Agreements for combining of beam measurements if N > 1:
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

In the RAN2#98AH meeting, the working assumption was agreed.
Agreement
1	Cell quality should be derived by averaging the best beam with the up to N-1 best beams above absolute configured threshold.

However, the discussions in the previous meetings were catered around the RRC_CONNECTED mode mobility and the discussions were not held for RRC_IDLE mode RRM measurements. In this contribution, we try to analyse the working assumptions of RRC_CONNECTED, its implication on RRC_IDLE mode UEs and to verify whether it really works and/or which performance benefits could be achieved.
[bookmark: _Ref178064866]Discussion
Role of Cell level measurements for Idle mode UE
In LTE, cell level measurements were used by the UE for cell selection and reselection. More specifically, cell selection is based on the cell selection criterion (S), which helps the UE to find a suitable cell to camp on with relatively less effort. Once the UE does the cell selection, it evaluates cell reselection criterion for finding a better cell to camp on. The cell reselection criterion were designed to ensure that (a) the UE is in a cell wherein it can receive the paging message and (b) the number of cell reselections are minimized which minimized the need for reading the system information of the neighbour cell before camping in that cell that consequently reduces the UE battery consumption. 
[bookmark: _Hlk493680563]In LTE, the cell reselection criteria was designed to minimize the need for reading the system information of the neighbour cell before camping in that cell (for battery power consumption optimization).  
In our view, similar principles should be applied in NR i.e., the criterions will be such that the UE finds a suitable cell as fast as possible to camp in wherein it can receive the paging message while the number of cell reselections are minimized. It is worth noting that in NR, a UE could be configured with system information of multiple cells. Hence, at least in some cases, cell reselection does not necessarily imply that the UE shall read system information of neighbour cells. That may reduce the complexity and UE battery consumption associated to cell reselection, compared to LTE.
In NR, a UE may be provided with system information associated to multiple cells i.e. cell reselection does not imply that the UE shall read system information of the new target cell.
Cell quality derivation for idle UEs in NR
The cell quality derivation has been under discussion for the past few NR#RAN2 meetings. The main outcome thus far concerning idle mode cell quality derivation has been the following (RAN#97): 
Agreements
1	For cell reselection, 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 (e.g. for the case N=1, the best beam is filtered by a single filter as the best beam changes)
FFS: Whether to only consider beams above a threshold ('good' beams)

However, some further agreements have been made for the connected mode mobility related cell quality derivation in RAN2#98

Agreements for combining of beam measurements if N > 1:
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

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.

The purpose of introducing the value of N and the averaging based cell quality derivation for the RRC_CONNECTED mode UEs has been to delay sending of measurement report from the UE to the serving cell as averaging based cell quality will always be inferior to the cell quality based on the best beam from the cell. 
If the same principles are applied to the idle/inactive mode, then an averaging based cell quality derivation will delay the time instance at which the UE will perform the cell reselection. However, the cell reselection criterion in LTE already has an in-built ping-pong reduction scheme of ensuring that the UE needs to be in a camped cell for at least 1 second [TR 36.304]. Such a condition in NR will ensure that the ping-pong-ping like behaviour will not happen even if cell qualities are derived in an optimistic way.
In LTE, the cell reselection cannot happen more frequently than one second.
In NR, if the same principles are used for cell reselection, then even if the cell quality derivations are based on the optimistic methods, a UE cannot cause ping-pong-ping like behaviour.   
Cell quality derivation for N=1 vs. N>1
A simple exercise of understanding the impact the current agreements on cell level quality can help make progress on the (lack of) need for averaging. In the Figure 1, a mock scenario was used wherein two cells are used. Each cell has three beams each. The cell quality is derived using both N=1 vs. N>1 (with a linear power scale based averaging method). As it can be seen, the averaging based cell level quality follows the best beam based cell level quality very closely. This is due to the fact that the linear power scale based averaging will result in a value that is very close to the value if N=1. This is further shown using the Figure 2 where Cell 1’s CRSRP is calculated using the linear power scale averaging and also the per beam level RSRP values are also shown. As can be seen, the CRSRP follows the best beam very closely. This is also true for cell-2 of Figure 1. Therefore, linear power scale averaging based result can be seen as a method wherein different cells quality will be ‘degraded’ compared to the best beam based method. However, it is important to notice that whether one compares two degraded values or whether one compares two best beam based values, the timing of when a neighbouring cell becomes better will be very similar and this is also evident in Figure 1. 
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[bookmark: _Ref485192175]Figure 1 : Cell level quality (based on average of three beams and based on best beam in the cell) for two cells that have three beams each
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[bookmark: _Ref485192593]Figure 2 : Linear power scale based averaging for a Cell-1 and the BRSRP values of each of the three beams

A linear power scale based averaging method will result in a cell quality that closely follows the best beam of that cell.
Whether best beam based cell quality derivation is used or linear power scale based cell quality derivation is used, the timing of cell reselection will be very similar.

As the performance of linear power scale based averaging method will be very similar to that of best beam based method, it would be better to avoid the unnecessary processing overhead and transmission of useless parameters over a broadcast channel (N and thresholds). Based on all the observations, we propose to avoid all the complexities, especially for the idle mode UEs, and adopt a simple solution i.e. N=1 for cell reselection. 
For cell reselection, idle/inactive UEs derive cell quality based on N=1.

It is worth noting that no agreements have been made regarding cell quality derivation for cell selection. To speed up the cell selection process and avoiding the need for reading system information, some companies have proposed to leave cell quality derivation for cell selection to UE implementation. This is in fact a valid argument and can be achieved by both letting cell quality derivation for UE implementation and/or by having cell quality derivation based on N=1. This we propose to use either of these schemes for cell quality derivation in cell selection.
Cell quality derivation for cell selection should be either based on N=1 or left to UE implementation.
Conclusion
In section 2 we made the following observations:
1. In LTE, the cell reselection criteria was designed to minimize the need for reading the system information of the neighbour cell before camping in that cell (for battery power consumption optimization).  
1. In NR, a UE may be provided with system information associated to multiple cells i.e. cell reselection does not imply that the UE shall read system information of the new target cell.
1. In LTE, the cell reselection cannot happen more frequently than one second.
1. In NR, if the same principles are used for cell reselection, then even if the cell quality derivations are based on the optimistic methods, a UE cannot cause ping-pong-ping like behaviour.   

Based on the discussion in section 2 we propose the following:
1. For cell reselection, idle/inactive UEs derive cell quality based on N=1.
1. Cell quality derivation for cell selection should be either based on N=1 or left to UE implementation.
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