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In NR system with beam-forming, measurement results from multiple beams may be considered in RRM. In RAN2#98, we made the following agreements regarding cell quality derivation.
	Agreements
-	N (used in cell quality derivation) is configured per carrier.
Agreements for combining of beam measurements if N > 1:
1	Averaging will be based on power values (i.e. not dBm values)
Working assumption: Average of up to best N of the detected beams above absolute threshold


While the cell quality derivation formula is now well defined, due to different beamforming scenarios and channel conditions, a UE may detect different numbers of “beams above absolute threshold” (i.e. good beams) from different cells. The situation is referred to as “N mismatch” and may cause unfair comparison between cells when evaluating a measurement event. In this contribution, we study the ways of taking the number of good beams into account for measurement events and reporting.
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The N-mismatch problem and unfair cell comparison
As explained in our early paper [1], the purpose of considering multiple beams in cell quality derivation is to mitigate Ping-Pong effect due to UE choosing a cell with a strong beam but does not last long. When evaluating cell quality based on ‘N best beams’, however, there are some concerns regarding the actual number of beams considered in each cell.
· The number of ‘good’ beams may be less than the ‘N’ value configured by the network.
· The number of ‘good’ beams in serving and neighbouring cells may be different. This may result from the relative location of gNBs and the moving trajectory of UE. Another cause is that, although deployed by the same operator, neighbouring cells may have different beam width and thus different number of beams spanning the same angle range. 
The simplest way is to derive cell quality from up to N ‘good’ beams (regardless of the number) in each cell, as proposed in [2]. However, this may lead to unfair cell comparison. For example, assume Cell A has three ‘good’ beams and the third ‘good’ beam has RSRP = threshold + δ, while Cell B has two ‘good’ beams and the third best beam has RSRP = threshold – δ (which is not ‘good’ but still detectable), as illustrated in Figure 1.


Figure 1.	Unfair cell comparison considering beams above a threshold
The cell quality is derived by averaging the beams above threshold in each cell. Obviously, the comparison between the two cells would be unfair if we count three beams in Cell A but two beams in Cell B. 
Observation 1:	Cell quality derivation based on averaging beams above a threshold may cause unfair cell comparison.
Comparing cells with different number of ‘good’ beams
1.1.1 Potential solutions to N mismatch problem
To solve the “N mismatch” problem and allow fair comparison between cells, two alternatives are discussed below.
Alt.1: Consider the same number of beams in both cells for cell quality derivation
Cell comparison is fair if the same number of beams are considered for cell quality derivation of serving and neighbouring cells, i.e. ‘N’ is the same for both cells. For the example in Figure 1, we may consider two best beams instead of three for Cell A since Cell B has only two good beams. More specifically, let Nconf be the ‘N’ value configured by network, and Ngb,serv and Ngb,cand be the number of ‘good’ beams in serving and neighbouring cells, respectively. The number of beams considered in cell quality derivation can be determined as the minimum of these three values, i.e.
N = min(Nconf, Ngb,serv, Ngb,cand).
The main concern of Alt.1 is that when a UE compares its serving cell with multiple neighbouring cells, the number of beams considered for the serving cell and the derived serving cell quality may vary, depending on the number of good beams in the neighbouring cell.
Alt.2: Adjust RRM parameters when comparing cells with different number of ‘good’ beams
Although UE usually prefers a cell with more ‘good’ beams, a cell that has only one ‘good’ beam can still be chosen as long as the beam is really strong for the UE. To verify if a neighbouring cell with fewer beams is a good choice, the RRM parameter may be adjusted, for example,
· A larger RSRP offset. If the best beams of neighbouring cell are much better than that of serving cells, the neighbouring cell can be chosen even if it has fewer ‘good’ beams.
· A longer time-to-trigger (TTT) timer. If the ‘offset better’ condition is satisfied for a longer duration, a UE may be moving slowly or within the coverage of a beam. In either case, this beam is a good choice for the UE.
The figure below illustrates different UE trajectories, with which we explain how better handover decision can be made by RRM parameter adjustments.
	

(a) Handover? Yes
	

(b) Handover? No


Figure 2.	Handover decision for different UE trajectories
In Figure 2(a), the UE moves towards the neighbouring cell along the direction of its best beam. Although this is the only good beam, measurement report can be triggered if the beam is significantly better than the best beams of serving cell. The triggering point may be slightly delayed, i.e., until UE moves closer to cell centre or a longer TTT timer expires. In Figure 2(b), the UE moves along the cell boarder. The UE detects a ‘good’ beam from the neighbouring cell at some point, but the neighbouring cell should not be considered as a handover target, since there is only one good beam and it soon becomes weak when UE moves away. If higher RSRP offset or longer TTT is applied, measurement report triggering condition cannot be satisfied since the neighbouring cell becomes weaker before TTT timer expires, and unnecessary reporting can be avoided in this case. 
Considering the potential concerns for Alt.1 and the simplicity of Alt.2, we believe that Alt.2 is a better solution. Therefore, we have the following proposal.
Proposal 1:	RRM parameters should be adjustable according to numbers of ‘good’ beams in serving and neighbouring cells.
Similar ideas can also be found in [3] [4].
1.1.2 Measurement events considering number of good beams
If Proposal 1 is agreed, we should discuss how to take the number of ‘good’ beams into account in the configuration of event-driven measurement reporting. We suggest that the network optionally signal an additional set of parameters, which is used when the UE sees enough ‘good’ beams from neighbouring cell. These additional parameters are configured so that measurement report is more easily triggered compared to using ‘normal’ parameters. Take A3 event as an example, in addition to ‘normal’ parameters for measurement report triggering, the network may signal another set of parameters, which is used when neighbouring cell has at least the same number of ‘good’ beams as the serving cell. Similar methods can be considered for other events as well.
Proposal 2:	For measurement report triggering of A3 event, the network may configure an additional set of parameters, which is used when neighbouring cell has at least the same number of ‘good’ beams as the serving cell. Similar methods can be considered for other events as well.
Based on the above proposal, an event A3 measurement report is triggered when either (1) neighbouring cell with fewer good beams is offset better than serving cell, or (2) neighbouring cell is offset better than serving cell, and has at least the same number of good beams. Lower offset or shorter TTT is used in the latter case since the neighbouring cell is a preferred choice.
1.1.3 Numerical Results
To show the effect of considering number of ‘good’ beams on mobility performance, we conduct a system level simulation. The handover is based on A3 event with normal A3 offset = 2dB, and additional A3 offset = 1dB is used when the neighbouring cell has at least the same number of good beams as the serving cell. The two offset values are also used as baseline for comparison. Considering different number of best beams (N) for cell quality derivation, the simulation results of handover failure (HoF) rate and Ping-Pong (PP) rate are given in the table below.
Table 2.	Mobility performance
	
	
	A3 offset 2dB
	A3 offset 1dB
	A3 Offsets 2dB/1dB

	Blockage
	N
	HoF Rate
	PP Rate
	HoF Rate
	PP Rate
	HoF Rate
	PP Rate

	No
	1
	2.013%
	2.568%
	0.894%
	12.625%
	1.166%
	11.203%

	
	2
	2.335%
	1.594%
	0.732%
	11.057%
	1.000%
	7.792%

	
	3
	2.410%
	1.852%
	0.873%
	11.321%
	1.026%
	7.259%

	Yes
	1
	1.970%
	3.350%
	1.241%
	15.812%
	1.439%
	13.747%

	
	2
	2.481%
	1.957%
	1.446%
	13.692%
	1.834%
	11.207%

	
	3
	3.213%
	1.037%
	1.542%
	11.749%
	1.739%
	8.407%


As baseline setting, the same offset is used regardless of the number of ‘good’ beams. Using a larger offset results in low PP rate but unacceptable HoF rate (> 2% event blockage effect is not modelled), while a smaller offset results in low HoF rate but unacceptable PP rate (> 10%). In contrast, using adjustable A3 offset, we achieve both low HoF rate (around 1% for non-blockage case and < 2% for blockage case) and acceptable PP rate (<10% if ‘N’ is configured high enough, even when blockage effect is modelled).
Observation 2:	By adjusting A3 offset based on numbers of good beams in serving and neighbouring cells, low HoF rate and acceptable PP rate can both be achieved.
Conclusion
We have the following observation:
Observation 1:	Cell quality derivation based on averaging beams above a threshold may cause unfair cell comparison.
Observation 2:	By adjusting A3 offset based on numbers of good beams in serving and neighbouring cells, low HoF rate and acceptable PP rate can both be achieved.
It is proposed to discuss and decide on the following proposals:
Proposal 1:	RRM parameters should be adjustable according to numbers of ‘good’ beams in serving and neighbouring cells.
Proposal 2:	For measurement report triggering of A3 event, the network may configure an additional set of parameters, which is used when neighbouring cell has at least the same number of ‘good’ beams as the serving cell. Similar methods can be considered for other events as well.
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