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1
Introduction
In this document, we will discuss an issue with cell quality adjustment when different cells have different numbers of "good beams". In this context, “good beams” refer to beams with a detected quality above a certain threshold.
In order to alleviate the issue, we propose to consider the actual number of good beams.
2
Discussion
RAN2 has agreed that linear averaging is used for cell quality derivation. For two neighbour cells, the actual number of good beams contributing to the derived cell quality of each cell may be different. If the qualities of two cells are equal, the cell with a larger number of good beams should be preferred because the cell will be more stable, to reduce the need for later handover.

Another possibility is that e.g. 

	Cell ID
	Beam IDs
	RSRP value (dBm) 

(with beam selection threshold -70dBm)

	Cell 1
	Beam1: -60dBm

Beam2: -69dBm
	-62.5

	Cell 2
	Beam1: -62dBm

Beam2: -75dBm
	-62


This means that cell 1 is less likely or later than cell 2 to trigger a measurement report although it has better beams.

Observation 1: A measurement report may be triggered by a cell which has only one "good beam" of lower quality than the best beam of another neighbour cell which is not triggered.

In the above example, if a report is triggered by cell 2, cell 1 will not even be included in the report, so the network may trigger PSCell change to cell 2 which only has one good beam of lower quality than the best beam of cell 1. This can result in lower throughput and higher interference.

Observation 2: The UE may send a measurement report where the "best cell" only has one good beam and another cell that has more good beams, among which one of higher quality, is not included.
In RAN2#NR adhoc1801 meeting, for idle/inactive UE, RAN2 agreed that further optimization considering the number of actual good beams can be considered:
	Agreements:

1
Cell quality derivation for cell selection is up to UE implementation.

2
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 #102 meeting, the following method considering number of good beams for cell reselection is agreed:
	Agreement:

1
The following method is selected as the single solution for cell reselection for multi-beam operation.


the gNB configures a range within which cells’ quality can be deemed similar (e.g. x db (which is configurable) below the highest cell quality), then UE reselects to the cell with more good beams among these cells.


For connected UE, RAN2 touched the issue before, but some companies thought that since the network could configure UE to report beams’ quality, the gNB could choose proper potential target cell according to cell’s quality and beams’ quality together. However, this requires that the candidate target cells must be reported in the same measurement report. The base station will decide the target cell according to the first triggered measurement report which is used for handover purpose because the base station cannot know whether there is subsequent measurement report triggered a little later, see the Figure 1 as below. 
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Figure 1: Measurement reports handled by BS one by one

Therefore, the triggering order of measurement reports is indeed essential, which will deeply influence the handover target cell determination by the network.

Observation 3: Generally the network decides the target cell according to the first triggered measurement report which is used for handover purpose, so triggering order (early or late) of measurement reports deeply influences the handover target cell determination by the network.
Based on the above analysis, we think that the network-based method (i.e. the gNB could choose proper potential target cell according to cell’s quality and beams’ quality together) does not work well in most cases and other mechanisms need to be considered. 
Proposal 1: For connected UE, support a mechanism for RRM measurement to consider the actual number of good beams.
If proposal 1 is agreed, one issue is how to take the actual number of good beams into consideration for handover decisions. 
Connected mode can apply a similar method to that agreed in idle/inactive mode. Since the handover decision is made by the base station, UE needs to provide measurement results for all candidate cells promptly for fear that a suboptimal cell might trigger the report and be chosen as the target cell for handover.
We provide a simple solution. When UE performs NR measurement, the best cell quality detected is marked as Qmax. An offset is included in the measurement configuration, say x dB. When one of the cells triggers a measurement report, it not only reports the measurement results of the triggering cell and serving cell, but also the cells whose cell quality is above Qmax – x dB. This approach makes the network capable of making handover decisions among all the candidate cells, e.g, the network can handover the UE to the cell with maximum number of good beams, as done in idle/inactive mode.
Proposal 2: When a measurement report is triggered, it includes measurement results of cells with a quality difference within x dB to the best cell.
3

Conclusion

The paper discusses the cell quality adjustment and we propose:

Observation 1: A measurement report may be triggered by a cell which has only one "good beam" of lower quality than the best beam of another neighbour cell which is not triggered.

Observation 2: The UE may send a measurement report where the "best cell" only has one good beam and another cell that has more good beams, among which one of higher quality, is not included.

Observation 3: Generally the network decides the target cell according to the first triggered measurement report which is used for handover purpose, so triggering order (early or late) of measurement reports deeply influences the handover target cell determination by the network.

Proposal 1: For connected UE, support a mechanism for RRM measurement to consider the actual number of good beams.
Proposal 2: When a measurement report is triggered, it includes measurement results of cells with a quality difference within x dB to the best cell.
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