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Introduction
In RAN2#95, it has been agreed that in NR the UE camos on the best cell. Then later, in RAN2#95bis, companies agreed that:
Agreements for IDLE
1	In IDLE mode, UE performs cell selection and reselection on NR Cells.
2	Study how to derive a cell quality based on measurements.

An idle UE in LTE performs cell reselection where it repeatedly evaluates if any neighbouring cell is a better choice for camping than the current one. Every LTE cell can provide rules, e.g. offsets, in the system information of the current camping cell governing this reselection process, but other than that the procedure is entirely performed by the UE.
The evaluation process consists of measuring and comparing the channel quality of neighbouring and the current cell. The signal to measure on in NR is the synchronization signal, i.e. NR-PSS + NR-SSS (henceforth referred to as “xSS”, i.e. xSS = NR-PSS + NR-SSS). Depending on the scenario (e.g. carrier frequency and deployment density), the xSS may be transmitted omnidirectional, in a sweep of a few wide beams or in a sweep of many narrow beams.
This contribution discusses how to derive the cell quality based on measurements.
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The above FFS items motivates a discussion on what measurement(s) a UE should base cell reselection decisions on as well as how the measurement(s) should be performed. This question is especially relevant in the case where the xSS are transmitted using beam sweeping. In the context of measurements and beam sweeping it has been discussed whether measurements of a group of multiple beams, e.g. adjacent beams, are relevant for evaluation or if it is better to consider only a single best beam.
Measurement on a single best beam or averaging over multiple adjacent beams?
As mentioned above, when the xSS is transmitted in beam sweeps, it is FFS whether the UE should base its reselection on measurement on the best beam or an average of multiple adjacent beams.
Especially in cases of sweeps of narrow beams of xSS transmissions, it may be argued that measurement on a single best beam is not enough to base the reselection on, because the UE is not likely to remain in the coverage of that beam for very long, but will rather see quite frequent/fast changes in the channel quality of this beam and of which beam it considers to be the best. This could be used as an argument for the relevance of using an average of measurements on multiple adjacent beams, since a UE can be expected to remain in the coverage of such a group of adjacent beams significantly longer than in a single beam.
However, this argument misses a couple of points.
1. If the best beam is significantly better than its adjacent beams, which is likely, the fact that the UE would have (very) good channel quality through that beam if reselecting to the cell is obscured by averaging with the significantly worse adjacent beams. This may result in suboptimal reselection decisions, where a UE reselects to a cell where it (at least initially) receives poorer channel quality, motivated by the (uncertain) expectation that seen over some time to come, this reselection choice will be better.
2. If the channel quality of the best beam deteriorates, typically because of UE movements, it is highly likely that the channel quality of the adjacent beams also will be affected (to the worse or to the better). Hence, when the best beam deteriorates, the measurements on the adjacent beams, which the average was based on, are no longer valid. When a cell is chosen because the average of multiple fairly decent beams is better than the average of a group of beams in another cell, where the differences in channel quality between the beams is large (e.g. a single best beam may be significantly better than the rest), the end result may be suboptimal, because the UE (as anticipated) soon moves out of the initially selected beam, but now the previously decent adjacent beams have turned bad. On the other hand, if a cell is selected where a single best beam is significantly better than its adjacent beams, then, when the UE moves out of the initial beam, the adjacent beams may not be poor anymore, but may potentially provide good channel quality. The conclusion is that it is not possible to foresee what the quality of another beam will be when the quality of the best beam deteriorates due to UE movements.
Observation 1	Measurements on beams adjacent/close to or overlapping the best beam, e.g. for the purpose of averaging, may not be relevant when the best beam deteriorates and an adjacent beam may take its place.
The above discussion speaks in favour of not basing reselection decisions on assumptions of future possible changes of the beam and channel quality situation, but rather base decisions on the situation at hand. (Note that this does not exclude using hysteresis in reselection thresholds.) This in turn implies that the reselection should be based on the measured channel quality of only the best detected beam in the cell being evaluated.
If the synchronization signal (NR-PSS + NR-SSS) is transmitted using beam sweeping, a UE should take only measurement on the best beam into account when evaluating a cell’s suitability for cell reselection.
Single beam measurement
In LTE a UE typically averages multiple measurement samples over time when performing cell reselection measurements, to get a good enough estimate of the cell quality. This may be the case in NR too. However, it may also be the case that a single measurement sample of an xSS transmission (e.g. a beamformed transmission) suffices to get a good enough estimate of the channel quality. This will, to a large extent, depend on the design of the xSS. It should preferably be subject to evaluation when the xSS is designed (or may be one of the input considerations to the design) and will primarily be a matter for RAN1. For the time being this is to be regarded as FFS.
If RAN1 determines that averaging over multiple transmissions of the same beam is needed – always or depending on the scenario – then this may be realized by letting the UE measure on multiple successive (periodic) occurrences of the same beam, i.e. once per beam sweep, or by repeating every beam multiple times before stepping to the next beam in the sweep. Irrespective of which, if averaging over multiple measurement samples on the same beam is needed, then there must be a means for the UE to determine when the same beam recurs in the sweep. What means to use and how to provide it is FFS.
Observation 2	If averaging over multiple measurement samples on the same beam is needed, then there must be a means for the UE to determine when the same beam recurs in the sweep.

Conclusion
In section 2 we made the following observations:
Observation 1	Measurements on beams adjacent/close to or overlapping the best beam, e.g. for the purpose of averaging, may not be relevant when the best beam deteriorates and an adjacent beam may take its place.
Observation 2	If averaging over multiple measurement samples on the same beam is needed, then there must be a means for the UE to determine when the same beam recurs in the sweep.

Based on the discussion in section 2 we propose the following:
Proposal 1	If the synchronization signal (NR-PSS + NR-SSS) is transmitted using beam sweeping, a UE should take only measurement on the best beam into account when evaluating a cell’s suitability for cell reselection.
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