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Introduction
In the RAN2 Ad hoc 3 meeting on NR in January 2018 it was agreed to use the cell quality derivation used for RRC_CONNECTED state as a baseline for cell quality derivation in multi-beam cells also for cell reselection in Idle mode. That is, the cell quality is calculated as a linear average over up to N best beams above an absolute threshold, where N and the threshold are configured per carrier and broadcast in the system information. Further optimization can be considered, e.g., considering the actual number of good beams (i.e. the beams with a quality above the absolute threshold), for cell quality derivation in conjunction with cell reselection.
[bookmark: _Ref178064866]Discussion
Is there a need for further optimizations of the cell quality derivation algorithm considering the actual number of good beams?
While it is true that the actual number of good beams impacts the cell quality derivation result and that suboptimal results may be produced if the actual number of good beams is not taken into account, it is also true that what an optimal result is, depends on how one values number of beams vs. beam quality. In that sense, cell quality derivation result optimality can be said to be in the eyes of the beholder.
There is no truly objective measure of how good a cell quality derivation algorithm is when both the number of good beams and their respective quality are taken into account.  
Hence, what is regarded as an “optimization considering the actual number of good beams” will vary between operators and other stakeholders. The cell quality scaling mechanism suggested in [1] (for RRC_CONNECTED state) can serve as an example of questionable impacts of optimizations. In [1] it is suggested to introduce an offset scaled by the number of good beams, which is added to the cell quality derived as the average of up to N best beams above the absolute threshold. As shown in [2] and [3], this may produce a cell quality that is better than the quality of the best beam, which is a result that is controversial and not in line with all stakeholders’ preferences.
As a conclusion, specifications of further optimizations may not provide enough commonly perceived benefits to motivate the specification and implementation efforts. It may be good enough to let each operator configure the number of beams N and the absolute threshold in a manner that skews the cell quality derivation result in the direction that the operator prefers.
No further optimizations of the cell quality derivation for RRC_IDLE and RRC_INACTIVE state should be specified in release 15.
Direction of possible optimization
However, if the above argumentation is not convincing and we cannot get agreement on proposal 1, then we think that a suitable goal for any specified further optimization should be to limit the negative impact that additional good beams have on the derived cell quality. It is reasonable that a cell’s best beam, which is the first beam that will serve the UE after a possible reselection to the cell, is dominating in the cell quality derivation, but any additional beams above the absolute threshold should rather favour than disfavour the cell. This is not the case with the current algorithm, where instead the derived cell quality is more degraded in relation to the quality of the best beam, the more beams that the cell has above the absolute threshold and which consequently are included in the averaging.
In [4] it was shown that when cells are compared, adding beams other than the best beam (i.e. configuring N > 1) adds little value and has limited impact as long as the same number of beams above the absolute threshold are considered in the compared cells. However, the situation is different when the compared cells have different numbers of beams above the absolute threshold. In such situations, averaging over the beams above the absolute threshold may result in unfair comparison between the evaluated cells and hence affects the cell ranking, potentially causing suboptimal cell reselection decisions.
In general, averaging using different numbers of beams in different cells penalizes the cells with more beams above the threshold. This is because each additional beam used in the averaging will cause the resulting cell quality value to decrease. This is counterproductive, since the benefit that can possibly argue in favour of considering more than the best beam (i.e. using N > 1) is that out of two cells with best beams of similar quality, it may be beneficial to choose the one with more beams above the threshold, because its cell quality may possibly be more robust. If N > 1 is configured, then any additional beam (not exceeding N beams) above the threshold should rather favour the cell than penalize it in the cell ranking.
As an example (in which the term “good beam” is used for a beam whose quality exceeds the threshold), consider two cells, Cell A and Cell B, whose respective best beams have the same quality (e.g. measured as RSRP in W), Qbest = P W. Assume then that one of the two cells, Cell A, only has a single beam above the threshold (i.e. only its best beam exceeds the threshold). This results in that the average is equal to the quality of the best beam, Qaverage = P W (i.e. the trivial average of a single value). Then assume that the other of the two cells, Cell B, has one more beam exceeding the absolute threshold, with a quality being Q = 0.8 x P W, resulting in an average of Qaverage = (1 + 0.8)/2 x P = 0.9 x P W, which hence is lower than the average of Cell A.
A comparison of the beam quality averages of the two cells results in that Cell A, with only a single beam exceeding the threshold, is assessed as the best. This is clearly a suboptimal result, since both cells have equally good best beams, while Cell B in addition has one more beam above the threshold.
When N > 1 and different cells have different numbers of beams above the threshold taking part in the averaging, this may result in unfair comparison between cells, thereby affecting cell ranking, which may result in suboptimal cell reselection decisions.
When N > 1 is configured, the negative consequences of potentially using different numbers of beams in the averaging for cell quality derivation in different cells should preferably be removed, or at least mitigated, and if anything, having more beams above the threshold should rather favour than penalize a cell in the cell ranking. A way to do this is to even out the number of beams used in the averaging, ensuring that N beams are used in the averaging for cell quality derivation of all cells in the cell ranking.
Hence, if a cell has less than N beams above the threshold, these beams should be complemented by additional beams up to N beams in the calculation of the cell quality. Since these complementing beams do not exist, they could be seen as “fictive beams”. The quality values used for such complementing, fictive beams should be fixed and should be set to a value that does not favour the cell, but rather slightly disfavour it in the cell ranking. If the quality value used for the complementing beams is equal to or slightly below the threshold, it is ensured that having a real beam above the threshold is always better than having to use a complementing fictive beam. (This goal is achieved as long as the value used for the complementing fictive beams is lower than the worst real beam used in the averaging for any of the cells in the cell ranking.)
Revisiting the example above and assuming N = 2 and a threshold with a value equal to 0.6 x P W. If Cell A’s only beam above the threshold is complemented by a fictive beam whose quality value is set equal to the threshold, i.e. Qfictive = 0.6 x P W, the new average value for Cell A becomes Qaverage = (1 + 0.6)/2 x P = 0.8 x P W, while Cell B’s average remains the same, i.e. Qaverage = (1 + 0.8)/2 x P = 0.9 x P W. Hence, with this modified cell quality derivation, Cell B is considered better than Cell A, which is a more reasonable result, considering that the best beams of Cell A and Cell B are equally good, while Cell B also has another beam above the threshold.
[bookmark: _Hlk498002237]It could also be argued that complementing with fictive beams with a quality value no greater than the absolute threshold, in some cases could unduly disfavour a cell (Cell C) with a single dominating very good beam in relation to a cell (Cell D) with multiple reasonably good beams, all well above the absolute threshold, but still far worse the best beam of Cell C. With this in mind, there could also be a reason to argue for setting the quality value of the fictive beams in a cell in relation to the best beam of the cell instead of in relation to the absolute threshold, e.g. Qfictive = k x Qbest W, where 0 < k < 1 and Qbest is the quality value of the best beam in the cell.
[bookmark: _Hlk498514124]If RAN2 cannot agree not to specify further optimizations for cell reselection for RRC_IDLE and RRC_INACTIVE UEs, then, when N > 1 is configured, RRC_IDLE and RRC_INACTIVE UEs should complement the beams detected above the absolute threshold with fictive beams for a cell which has less than N beams above the absolute threshold in the cell quality derivation, so that N beams are used in the cell quality derivation for all cells being compared in the cell ranking. The complementing fictive beams should be assigned a fixed quality value. 
The quality value for the complementing fictive beams can be set in relation to the absolute threshold (e.g. equal to or slightly smaller than the threshold) or in relation to the best beam of the cell, e.g. Qfictive = k x Qbest W, where 0 < k < 1 and Qbest is the quality value of the best beam in the cell. RAN2 should discuss pros and cons of these two alternatives and select one of them.
Conclusion
In section 2 we made the following observations:
1. There is no truly objective measure of how good a cell quality derivation algorithm is when both the number of good beams and their respective quality are taken into account.  
1. When N > 1 and different cells have different numbers of beams above the threshold taking part in the averaging, this may result in unfair comparison between cells, thereby affecting cell ranking, which may result in suboptimal cell reselection decisions.
Based on the discussion in section 2 we propose the following:
1. No further optimizations of the cell quality derivation for RRC_IDLE and RRC_INACTIVE state should be specified in release 15.
1. If RAN2 cannot agree not to specify further optimizations for cell reselection for RRC_IDLE and RRC_INACTIVE UEs, then, when N > 1 is configured, RRC_IDLE and RRC_INACTIVE UEs should complement the beams detected above the absolute threshold with fictive beams for a cell which has less than N beams above the absolute threshold in the cell quality derivation, so that N beams are used in the cell quality derivation for all cells being compared in the cell ranking. The complementing fictive beams should be assigned a fixed quality value. 
1. The quality value for the complementing fictive beams can be set in relation to the absolute threshold (e.g. equal to or slightly smaller than the threshold) or in relation to the best beam of the cell, e.g. Qfictive = k x Qbest W, where 0 < k < 1 and Qbest is the quality value of the best beam in the cell. RAN2 should discuss pros and cons of these two alternatives and select one of them.
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