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1
Introduction
In this document, we will discuss an issue that occurs when different cells have different numbers of "good beams". The issue has been solved for UE in Idle/Inactive state, but not for UE in Connected mode. In this context, “good beams” refer to beams with a detected quality above a certain threshold.
2
Discussion
RAN2 has agreed that linear averaging is used for cell quality derivation. The result of linear averaging may fail to reflect cell quality correctly when multiple good beams are concerned. An example is given to illustrate this problem. Suppose that the threshold for good beams here is -70 dBm and only good beams of each cell are listed for simplicity.
Table 1 Good beams quality and cell quality derived by linear averaging 

	
	Good beams quality
	Linear averaging result

	Cell 1
	-62 dBm
	-62 dBm

	Cell 2
	-60 dBm, -69 dBm
	-62.5 dBm

	Cell 3
	-62 dBm, -62 dBm, -62 dBm
	-62 dBm


For UE in Idle/Inactive mode, Cell 3 has more good beams than Cell 1 and is more suitable for camping. After linear averaging is applied, though, there is no difference in cell quality between the two cells. Moreover, the linear averaging result of Cell 1 is better than that of Cell 2 even though Cell 2 has better beams.
In order for UE in Idle/Inactive mode to find the optimal cell to reselect to, RAN2 has corrected the cell reselection mechanism and the following agreements were achieved in RAN2 #102 meeting:
	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.


However, the issue is not solved for UE in Connected mode.
Observation 1: In RRC_IDLE, cells within x dB of the best cell are can be used for cell reselection but in RRC_CONNECTED, such cells may not even be reported.

Some companies thought that the issue for Connected UE can be left to the network implementation since UE will report beams’ quality along with the cell quality and network can make handover decisions taking number of good beams into consideration. 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 to be triggered later. For simplicity, take Cell 1 and Cell 2 in Table 1 as an example. Even though Cell 2 is better than Cell 1, Cell 1 has a better cell quality under current cell quality derivation scheme and can trigger the report earlier, as shown in Figure 1 below.
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Figure 1 Measurement reports handled by BS one by one
Therefore, network implementation alone cannot solve the problem. UE has to provide the measurement result in time to facilitate the decision making of the network.
Observation 2: The network often triggers mobility according to the first triggered measurement report, so not reporting good candidate cells in the first measurement report may have strong impact.

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 1: When a measurement report is triggered, it includes measurement results of cells with a quality difference within x dB to the best cell.
A CR is provided in [2].
3
Conclusion

This paper discusses the measurement result reporting of candidate cells for Connected UE and we propose:
Observation 1: In RRC_IDLE, cells within x dB of the best cell are can be used for cell reselection but in RRC_CONNECTED, such cells may not even be reported.

Observation 2: The network often triggers mobility according to the first triggered measurement report, so not reporting good candidate cells in the first measurement report may have strong impact.

Proposal 1: 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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