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1. Introduction
For cell quality in Idle/Inactive Mode, it was agreed in RAN2#NR-AH1801 that the connected mode formula will be used as a baseline. In particular, the following was captured in Chair Notes:

As baseline of cell reselection: for multiple beams, the derivation formula used in Connected mode for cell quality is also applicable to Idle mode; i.e. the quality is calculated as a linear average over up to N best beams above a threshold which are configured per carrier and broadcasted. Further optimization can be considered, e.g., considering on the number of actual good beams (the quality of the beam is above the threshold) for cell reselection.
In RAN2#101bis, some companies claimed that this formula should be enhanced to consider the number of good beams. A follow up email discussion ([101bis#66][NR] Good beams in cell reselection, CMCC) analysed potential solutions.
In this contribution, we argue that there is no justification for considering the number of good beams for cell quality in cell reselection and propose to keep the baseline unless some simple solutions are acceptable.   
2. Discussion
It has been argued that a cell quality based on the average of good beams may not reflect the actual quality of the cell. This is in part true since it is for example possible to have two cells, one with “slightly good” and “very good” beams and one with “medium good” beam and having similar average values. These have also been discussed quite extensively for the Connected mode. In the end, it was observed that any optimization to baseline may prove useful in some use cases but not in others and the current baseline formula was adopted.
Unfortunately, the same discussion is happening for Idle/Inactive mode again. If a different formula is used for these modes, it is easy to see that the discrepancy will result in undesirable ping-pong events since the cell reselection and RRM will use different criteria. It can be claimed that the network can configure the UE to report all the neighbor beams in Connected mode and use them for handover events. However, such measurement and reporting have an associated cost and the trigger events are still based on the baseline cell quality. In other words, in the best case, the UE will trigger and report measurement events which will be ignored by the network.

Observation 1: Using different cell quality derivations for Connected and Idle/Inactive mode may degrade system performance.

It is also important to note that for the UE, the performance in Connected mode is way more important than Idle/Inactive mode. In Idle/Inactive, the UE will only receive paging (in Rel-16, small data transmission can also be introduced for Inactive mode). However, the UE will receives/transmit all of the data and most of the signaling in Connected mode in Rel-15. Therefore, even if there was a way to optimize cell reselection criteria, this will not be useful when the UE moves to Connected mode. 

Observation 2: Optimizing cell reselection, even if it were possible, has very limited benefits since most of UE activity is in Connected mode. 
The main justification for considering the number of beams in cell quality is the conviction that such cells will be more robust. The proponents are not clear on what this actually means but it might refer to the UE being able to find a good beam with higher reliability.

This claim has not been verified by any technical model, either analytical, simulation or empirical. There are in fact several factors at play here. We note that the UE will use a single beam at any given time. If the UE is not highly mobile, it will most likely use the best or second-best beam for paging in Idle mode and when it moves to Connected mode. Therefore, the quality of the best beams are more critical for performance. Even if the UE moves around, its selection of the best beam will depend on many factors such as its rx beam and the width of the tx beam. Since the selection of the beam is left to UE implementation, it is not possible to conclude that it will find the best beam when there are just more of good beams. 
Observation 3: There is no technical justification that the cells with more good beams will provide better performance. This depends on mobility and UE implementation among other factors.
One formula suggested to take into account the number of beams was to use Qb + K*delta where Qb is the linear average of good beams (in dB), K is the number of good beams, and delta is configured by the network.
As shown by several companies during the email discussion, this formula is not usable in any form and configuration. Even though it resembles the formulas used in stage-3 specifications which use a delta or offset for prioritization among cells or quantities, the situation is quite different in this case. The Qb above is the linear average of K values and thus K is in the denominator. Thus, the formula is effectively multiplying the sum of measured beam qualities by exp(K)/K to derive a cell quality. Therefore, it is impossible to find a delta value which can work for different cell qualities and K. In other words, delta has to be at least a function of K and it is easy to give counter-examples where this formula breaks as shown by some companies. 
In general, it is very difficult to find a function f(Qb, K, delta) which can work in most cases better than Qb.

Observation 4: Adding an offset as a function of K to the baseline quality will not work.

At this point, since it is not clear whether there is a better formula than the baseline one, RAN2 should consider this exercise as a low priority for Rel-15 and a possible Rel-16 optimization.

Proposal 1: Any changes to the baseline formula should be studied as low priority in Rel-15.
If we were to assume that a cell with more good beams provides better performance for both Idle and Connected mode, there are much simpler ways to achieve this. For example, it was suggested that the UE chooses a cell A over B if they have similar baseline qualities, but cell A has more good beams than cell B. However, as argued above, in most cases, the cell with the best beam may be a better candidate depending on the UE implementation. 

Any optimized formula should be based on the principle that it should only be used when two cells have similar baseline qualities and, only then, the UE should use the additional optimization for cell reselection. This can at least provide a better balance between Idle/Inactive and Connected modes.
Proposal 2: Any enhancement to cell quality should be applied to cell reselection only when two cells have baseline qualities within a configured threshold.
Since it is not easy to find a good enhancement without any further study, an acceptable way for Rel-15 could to leave it up to UE implementation how to select a cell if their baseline qualities are within a threshold. In the future, if a better formula is found, it can be used instead of leaving it up to the UE.
Proposal 3: A simple solution for Rel-15 could be to leave the selection of a cell when several cells have similar (within a threshold) baseline qualities.
3. Conclusion
In this contribution, we discussed cell quality for NR Idle/Inactive mode and propose the following:
Observation 1: Using different cell quality derivations for Connected and Idle/Inactive mode may degrade system performance.

Observation 2: Optimizing cell reselection, even if it were possible, has very limited benefits since most of UE activity is in Connected mode. 
Observation 3: There is no technical justification that the cells with more good beams will provide better performance. This depends on mobility and UE implementation among other factors.
Observation 4: Adding an offset as a function of K to the baseline quality will not work.

Proposal 1: Any changes to the baseline formula should be studied as low priority in Rel-15.
Proposal 2: Any enhancement to cell quality should be applied to cell reselection only when two cells have baseline qualities within a configured threshold.
Proposal 3: A simple solution for Rel-15 could be to leave the selection of a cell when several cells have similar (within a threshold) baseline qualities.
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