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1 Introduction

In RAN4#86, the following agreements were made on the UE measurement capability [1]:
	FR1
	FR2

	Intra-frequency
	Inter-frequency
	Intra-frequency
	Inter-frequency

	# cells
	# beams
	# cells
	# beams
	# cells
	# beams
	# cells
	# beams

	8
	[12, 16]

Minimum # of beam for PCell/PSCell cell should be specified (e.g. for PCell/PSCell, it can be defined as no smaller than RLM-RS resources) and in general should be larger than neighbor cells. It is FFS for SCell.
	4
	[6, 8]
	
	
	4
	[8,12]


In this contribution, we discuss the open issues in the table above.
2 Discussion

2.1 Number of beams to measure in the serving cell in FR1 and FR2
Ensuring high service quality in the serving cell is even more important than performing neighbor cell measurements, but this is challenging in the environments with fast changing radio conditions especially for the UE in bad channel conditions. 
Furthermore, within the beam width a larger area is covered further away from the transmission point. Closer to the transmission point in the center of serving cell each beam covers a smaller area. More beams are then needed to cover alternative propagation paths such as reflections near the UE and around building or other blocking objects. 
All these motivate that the UE shall be able to measure sufficiently many number of beams in the serving cell which could be larger than in neighbor cells in average. Therefore only a requirement on the total number of beams per carrier frequency across all cells is not sufficient and some requirement for the serving cell is also necessary. For FR1, this have been addressed in [1], but for FR2 this is even more crucial.
· Proposal 1: The UE capability on the number of beams of a serving cell shall also be agreed for FR2.
Generally, based on RAN1 agreements, all UEs support measurements on up to 2 SSBs for <3 GHz, 4 SSBs for above 3 GHz but below 6 GHz, and 8 SSBs for >6 GHz, at least for RLM. It is therefore reasonable to assume that the UE design is capable to measure in the serving cell on the number of SSBs which is not smaller than the number of RLM-RS resources.
· Proposal 2: In PCell and PSCell, the UE shall be able to measure on up to the number of beams not smaller than the number of configured RLM-RS resources.
2.2 Remaining details for FR1

NR is designed to support beamforming not only in FR2 but also in RF1, even though the beams can be envisioned to be not as narrow and not as many as in FR2. There the UE shall be able to measure at least two beams in an average cell, to allow the network to configure measurements over multiple beams whenever needed for any UE.
· Proposal 3: The total number of beams per intra-frequency carrier is not smaller than 16 (20 is preferred).
· Proposal 4: The total number of beams per inter-frequency carrier is not smaller than 8 (10 is preferred).
2.3 Remaining details for FR2

For FR2, the number of inter-frequency cells has been already agreed to be the same as for FR1. The same approach shall be taken also for intra-frequency.
· Proposal 5: The number of intra-frequency cells for FR2 shall not be smaller than for FR1, i.e., UE shall be capable of measuring on up to 8 intra-frequency cells for FR2.
There will in general be many more beams configured at base stations in FR2 (up to 64) than in FR1. Given that beamforming is among the key features in NR, it is important that UEs are also capable to exploit this. Furthermore, selecting best beams is not trivial, especially in non-LOS environments, since there is a high probability that the next best performance is provided not by adjacent beams but by beams several layers away, e.g., by 5th or 6th layer beams as discussed in Section 3 below based on realistic results from a testbed at 15 GHz. Therefore, a larger number of beams is not only highly desired but also necessary for FR2.
· Proposal 6: The total number of beams per intra-frequency carrier is not smaller than 24.
· Proposal 7: The total number of beams per inter-frequency carrier is not smaller than 12.
3 Results from a testbed at 15 GHz
Beam measurement results were obtained from an NR testbed at 15 GHz in a real dense urban environment in Stockholm, Sweden. The following observations were made:
· In LoS, most beam transitions go into adjacent beams
· In NLoS, up to 26 % of beam transitions go into beams 5-6 layers (i.e. 55( to 70( in angle) from currently used beam
The statistics on beam layer transitions is summarized in Table 1. In Figure 1, we show the statistics on used beams, to the left of the solid vertical line is in LOS and to the right in NLOS. From Figure 1, it can also be seen that many beam candidates are selected when the UE enters an area with more NLOS and poor channel conditions.
Table 1: Beam layer transitions

	#neighbor beam layer
	LoS [%]
	NLoS [%]

	1
	98.87
	73.75

	2
	1.13
	0.22

	3
	0.00
	0.00

	4
	0.00
	0.43

	5
	0.00
	9.54

	6
	0.00
	16.05
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Figure 1: Used beam angles per TTI.

4 Summary
The following have been observed and proposed in the contribution.

· Proposal 1: The UE capability on the number of beams of a serving cell shall also be agreed for FR2.
· Proposal 2: In PCell and PSCell, the UE shall be able to measure on up to the number of beams not smaller than the number of configured RLM-RS resources.
· Proposal 3: The total number of beams per intra-frequency carrier is not smaller than 16 (20 is preferred).
· Proposal 4: The total number of beams per inter-frequency carrier is not smaller than 8 (10 is preferred).
· Proposal 5: The number of intra-frequency cells for FR2 shall not be smaller than for FR1, i.e., UE shall be capable of measuring on up to 8 intra-frequency cells for FR2.
· Proposal 6: The total number of beams per intra-frequency carrier is not smaller than 24.
· Proposal 7: The total number of beams per inter-frequency carrier is not smaller than 12.
A draft CR is provided in [2], based on the proposals above.
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