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Introduction
In earlier contributions [1,2,3], where we have explored methods for cell quality value generation and filtering, we have evaluated the handover performance in terms of ping-pong (PP) and handover failure (HOF) rates. A common observation has always been a certain trade-off between these two error modes. Compared to simply taking the best beam as the cell quality value, averaging the quality of several beams allows to reduce the number of ping-pong occurrences, but at the cost of an increased rate of handover failures (HOF). In general, the more averaging is done (i.e. the more beams are averaged over), the stronger is the effect: taking the best beam only has the lowest HOF rate and the highest PP rate, while averaging all beams of a cell has the highest HOF rate and the lowest PP rate. However, it should be mentioned that these results are dependent on the way the handover algorithm is executed based on the measurement reports. In other words, these results mainly occur because the simulations implement a very simple handover algorithm that only consider these measurements before taking a handover decision. In this paper we study the influence of averaging on the cell quality in more detail.
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As an illustration, Figure 1 shows results from simulations where a UE moves between two cells. One of the cells has several similarly strong beams, whereas the other has one beam significantly stronger than the others. The bottom left and right panel show RSRP curves for the same situation, the only difference being that in the left case the UE determines the cell quality by taking the best beam, whereas in the right case the cell quality is determined by taking the average of the 3 strongest beams. The vertical lines (in the left plot) mark handovers, the colour indicates to which cell. 
In the left case, the UE begins in the yellow cell. At about t=2.4s, the best beam of the blue cell becomes suddenly very strong. At the same time, the best beam of the yellow cell decreases in strength, which leads to the (exceptionally strong) blue beam momentarily exceeding the strength of the (exceptionally weak) yellow cell. Thus, a handover to the blue cell is executed at t=2.6s. After less than 100 µs, however, the strength of the best blue beam is reduced as sudden as it appeared, the best beam from the yellow cell recovers, and the UE executes a handover back to the yellow cell. It would likely have been better for the UE to stay in the yellow cell, as its quality is perfectly fine throughout the whole time.
In the right case, where the cell quality is obtained by taking the average of the 3 strongest beams, the UE starts again in the yellow cell. Also here can we observe the up- and downwards fluctuation of the best beam from the blue cell, but since we average over the 3 strongest beams, the upward fluctuation is not as strong as in the left case. Likewise, the decrease of the strength of the best beam of the yellow cell is compensated by the other beams becoming stronger, such that the downward fluctuation of the quality of the yellow cell is evened out. Hence, the quality of the blue cell never exceeds that of the yellow cell and thus the ping-pong is avoided.
Note however the lower absolute level of the curves in the right case. Averaging systematically underestimates the cell quality and thus increases the risk of HOF and/or RLF, since the cell qualities of target and serving might be reduced so much that the UE is no longer capable of connecting. In these simulations, what happens with the averaging is simply a delay of the triggering point where the UE sends measurement reports, this is the reason that there is a risk of HOF and RLF. In a handover algorithm that also considers reported information about beams per cell, as we proposed in companion papers, ping-pongs could be avoided while keeping the risk of RLF and HOF lower (by not delaying measurement reports via averaging).
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Figure 1: A UE moving between cells with different number of “good” beams (top) and simulated cell qualities for that situation (bottom), with cell quality being determined by the best beam (left) and averaging the 3 strongest beams (right).

Unless they occur very often, ping-pong occurrences are much less of a problem than handover or radio link failures. And, as explained, the fundamental effect of averaging is mainly about delaying the triggering of measurement reports, not the ping-pong rates. We therefore believe that most of the network configuration will likely keep the amount of averaging in the determination of cell quality to a minimum. In other words, it is likely that N=1 will be used most of the time, and only where certain circumstances make it necessary N should be chosen larger than 1.
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Conclusion
In section 2 we made the following observations:
Observation 1	Averaging reduces the influence of individual beams becoming stronger for a limited amount of time, and thus reduces the amount of ping-pong handovers in simplified HO algorithms.
Observation 2	Averaging systematically underestimates the cell quality, leading to a higher risk for HOF and RLF.

Based on the discussion we propose the following:

Proposal 1	The amount of averaging in determining the cell quality will very likely be kept to a minimum in the configuration i.e. despite the agreement to define a parameter N, most of the time N could be set to 1. Hence, N should be an optional parameter.
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