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1      Introduction
 During last RAN2 #97bis meeting, it has been agreed the following on RRM filtering:
1
The RRC configured beam consolidation/selection of beam quality of gNB detected beams to derive a cell quality shall be performed after the L1 filter.

2
The L1 filter filters signal quality corresponding to gNB beams detected by the UE
3
The measurement model (applicable for both multi beam and single beam case) in NR shall consist of the following:

a-
L1 filtering of beam measurements 

FFS Whether there is any additional specified filtering of the beam measurements

b-
Derivation of cell quality from one or more gNB beam quality

c-
L3 filter (RRC configured) of cell quality 

d-
Evaluation reporting criteria (RRC configured)
1
Averaging is used to derive the cell quality from multiple beams (if number of beams is larger than 1). Details averaging are FFS

1
Serving cell quality is derived in the same way as neighbour cell quality (i.e. N best).

FFS whether a UE can be configured with a different values of N for the serving cell, and for specific neighbour cells.

In this contribution, we further discuss the remaining issues of the consolidation beams to cell quality.
2      Discussion
Figure 1 shows the agreed filtering model where L1 filter applies on beams, then the chosen N best beams will be combined using averaging to derive the cell quality. Finally L3 filter applies on cell quality as an input to the event triggering process. In this contribution, we would like to discuss: (1) whether there is a need for any additional specified filtering of the beam measurements, (2) how to average the N best beams to a cell quality, and (3) whether a UE can be configured with a different value of N for the serving cell and specific neighbour cells. Let’s look at the issues one by one below:   
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Figure 1: L1 filter applies on beams and L3 filters applies on cell
Issue #1: whether there is a need for any additional specified filtering of the beam measurements
To determine if there is a need for additional filtering of the beam measurement, performance evaluation should be provided to justify the need. Since the additional filtering is needed for intra-cell mobility and RAN1 is also currently under decision, RAN2 should wait for RAN1 decision on this topic.  
Issue #2: how to average the N best beams to a cell quality
During last meeting, there were some discussions on how to select the N best beams and how to combine them. The agreement is to use averaging but detail is still FFS. The options for selecting N best beams and averaging are as follow:

· Option 1: Linear average with the N strongest measured signal

· Drawback of this option is that when one beam is very strong and other beams are below detectable. The overall averaging will reduce the strongest measured beam signal. This will negatively impact the measurement result.

· Option 2: Linear average with the N strongest measured signal and above a configured threshold (the actual number of beams for averaging may be less than N)
· With the threshold added to option 1, the problem option 1 can be resolved.

· Option 3: Linear average with the strongest signal and the N-1 next strongest signals within an offset from the strongest measured signal after L1 filter (the actual number of beams for averaging may be less than N)
· In this option, if the offset is configured to be too small, that averaging multiple beams will be same as using the strongest beam. On the other hand, if the offset is configured to be too large, than it may average too many number unwanted beams. The result of this option can be unexpected.

· Option 4: Weighted average with strongest measured signal after L1 filter

· The idea of weighted average is that the network will signal some weight to each beams. The strongest beam may have a heavier weight than second strongest beam and so on. This may be useful if the weight is configured properly. However, the weights may be difficult to configure for different scenarios and we are not sure what the performance difference is..
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	Cell A
	Cell B
	Cell C

	Strongest beam
	-72dBm
	-70dBm
	-70dBm

	Second strongest beam
	-75dBm
	-150dBm
	-200dBm

	Third strongest beam
	-80dBm
	-160dBm
	-200dBm

	Fourth strongest beam
	-200dBm
	-170dBm
	-200dBm

	Linear average
	-75dBm
	-76dBm
	-76dBm

	Linear average with threshold = -120dBm 
(# of beams > threshold)
	-75dBm
(3)
	-70dBm
(1)
	-70dBm
(1)

	10dB Offset from strongest beam
	-74dBm
	-70dBm
	-70dBm

	Weighted average with weight (0.4,0.3,0.2,0.1)
	-74dBm
	-73dBm
	-73dBm


Figure 2: Example of 4 strongest beams measured per cell
Figure 2 shows an example of the four options described above. With option 1 (linear average without threshold), cell B and C had one strongest beam but averaging other weak beams bring the combine cell value down by 6dB. Option 2 (linear average with a threshold) with the threshold set to -120dB, cell B and cell C remain the same signal strength since the non-relevant beams are not considered. Option 3 with offset configured to 10dB has the result similar to option 2. If the offset is configured to 3dB, then the result will be similar to N = 1. Lastly, option 4 with weighted beams lies in between option 1 and option 2. 
In summary, the results are very similar with +/-2dB measurement error (i.e. max 4dB difference, only linear average with threshold in the above table has more than 4dB difference in result). It seems like it is simpler and to use linear average with a threshold (option 2) to combine N best beams to cell quality. The reason is that it minimize the network configuration effort and achieve similar results. Threshold can be configured to a detectable beam range or usable beam range. Note that it is useful to see how many beams are actually used to derive cell quality for the network to determine which target cell is the best not only from the signal quality point of view but also from diversity gain point of view. In the example, with option 2, even cell B and C may have the strongest beam but cell A has 3 good beams which may be a better target cell choice from blockage point of view. Therefore, we propose to adopt option 2 for cell quality derivation and also report number of beams above the threshold reports (i.e. the number of beams used for cell quality derivation) to the network.
Proposal 1: use linear average with the N strongest measured signal after L1 filter with the condition that the beam signal is above a configured threshold for beams selections to combine for cell quality
Proposal 2: number of beams above the configured threshold is also included in the measurement report
Issue #3: whether a UE can be configured with a different value of N for the serving cell and specific neighbour cells
There are three options to consider for network to configure same or different number of beams for cells. They are:

· Option 1: same N for the serving cell and neighbor cells (i.e. 1 value total)

· Option 2: N for the serving cell and M for all neighbor cells (i.e. 2 values total)

· Option 3: different value of N for serving cell and specific neighbor cells (i.e. 1 value for each cell)

	
	Option 1: same N for all cells
	Option 2: N for serving and M for all neighbor cells
	Option 3: Different N for each cell

	Signaling overhead
	(
	(
	(

	Network configuration effort
	(
	(
	(

	Flexibility of configuration
	(
	(
	(


During online discussion, some companies discussed that it will be good to give the network more flexibility to configure different number of beams per cell. The use case could be to use the one best beam for serving cell and 3 beams for neighbor cells. This way, it will make sure the UE stays in the serving cell as long as it can because averaging 3 beams will reduce the strongest beam signal. However, the use case of being able to configure per neighbor cell is unclear. It will increase the network configuration effort and signaling overhead. Therefore, we proposal to support option 2, N for serving cell and M for all neighbor cells.
Proposal 3: allow two configured values (N and M) for the number of beams where N applies to serving cell and M applies to all neighbor cells

3      Conclusion 
Proposal 1: use linear average with the N strongest measured signal after L1 filter with the condition that the beam signal is above a configured threshold for beams selections to combine for cell quality
Proposal 2: number of beams above the configured threshold is also included in the measurement report
Proposal 3: allow two configured values (N and M) for the number of beams where N applies to serving cell and M applies to all neighbor cells

4      References
[1] RP-160671 “New SID Proposal: Study on New Radio Access Technology”, NTT DOCOMO
2

