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Introduction
In RAN4 #AH1801 meeting, a wayforward for the number of cells and beams for SSB-Based Measurements was discussed, but no consensus was made. In this contribution, we further discuss the UE measurement capability of cell and beam number.
Intel technical analysis 
Duplicate our analysis in last meeting (R4-1800130) as below,
	Capability on monitoring cell number
For sub6GHz, the cell number for monitoring is: 
· For SSB based intra-frequency measurement with and without measurement gap, UE is required to at least simultaneously monitor [8] identified SSB based intra-frequency cells
· For SSB based inter-frequency measurement, the NR UE shall be capable of performing SSB based measurements of at least [4] cells per frequency layer 
 For mmWave case, the SLS simulation results in RAN4 #84bis meeting was summarized in [1],
Table 1. Summary of cell number from SLS
	Case
	Number of detectable cells for all UEs
	Number of detectable cells for cell edge UEs

	
	20%
	50%
	90%
	20%
	50%
	90%

	minimum
	1
	2
	3
	1
	1
	2

	mean
	3.1214286
	4.7214286
	7.3357143
	1.75
	2.75
	3.888889

	median
	3
	5
	8
	1
	2
	3

	maximum
	5.5
	8.2
	13.4
	4
	6
	8


With help of beamforming, UE may able to detect more cells from the SLS results, however, in mmWave case, UE also need to monitor beams which can be configured up to 64 at gNB side, and therefore more cells monitoring will introduce more complexity and power consumption to the UE. On the other hand, the cell number of sub6GHz case may not introduce any big impact on the mobility of mmWave since those numbers are also used in LTE legacy and high speed case. As a trade-off, we propose to keep the same cell number as sub6GHz, which is:
Proposal 1: For FR2, the cell number for monitoring is: 
· For SSB based intra-frequency measurement , UE is required to at least monitor [8] identified SSB based intra-frequency cells
· For SSB based inter-frequency measurement, the NR UE shall be capable of performing SSB based measurements of at least [4] cells per frequency layer 
Capability on monitoring beam number
Based on the SLS results summary in RAN4 #84bis meeting, the beam number per frequency layer were provided, but most of the companies set the gNB Tx beam number as 32 and less, and only in NTT DOCOMO paper (R1-1710940) the 64 Tx beam case was evaluated, which show that the beams monitored by cell edge UE is 16 at 90%. For inter-frequency case, the monitoring beam number will be less than intra-frequency case, and we propose to use the same proportional scale between intra-frequency cell number and inter-frequency cell number, that is,
Proposal 2: For FR2, the beam number for monitoring is: 
· For SSB based intra-frequency measurement with and without measurement gap, UE is required to at least simultaneously monitor [16] identified beams per intra-frequency.
· For SSB based inter-frequency measurement, UE is required to at least simultaneously monitor [8] identified beams per inter-frequency.
In RAN4 #85 meeting, it was agreed that the option3a applies to both FR1 and FR2, but the exact UE requirements can be different for FR1 and FR2. The cell number is critical to monitor for the basic mobility performance (HO) for both FR1 and FR2, and we propose to specify same cell number for FR1 and FR2 in the UE measurement capability. However, compared with FR2, the existing beam number for FR1 might be much less due to the low carrier frequency, and especially in some LTE re-farming carrier frequencies, the beamforming might not be assumed for the requirement. In [2], the SLS summary for FR1 beam number is as below,
Table 2. Summary of beam number from SLS
	Case
	Number of detectable beams per freq for all UEs
	Number of detectable beams per freq for cell edge UEs

	
	20%
	50%
	90%
	20%
	50%
	90%

	minimum
	1
	1
	2
	1
	1
	1

	mean
	1
	1
	2
	3
	3.666667
	4.666667

	median
	1
	1
	2
	4
	5
	6

	maximum
	1
	1
	2
	4
	5
	7


If the beamforming is used for FR1, then the median number of detectable beam might be used as a baseline, we proposed to use 6 from above table (max value between all UEs case and cell edge UE case) since the measurement capability is eventually for mobility performance and 6 will guarantee that the cell edge and cell centre UE will not miss any detectable beams. In addition, the cell number to be monitored for FR1 is defined as,
· For SSB based intra-frequency measurement with and without measurement gap, UE is required to at least simultaneously monitor [8] identified SSB based intra-frequency cells
· For SSB based inter-frequency measurement, the NR UE shall be capable of performing SSB based measurements of at least [4] cells per frequency layer 
Since UE is required to monitor with at least 1 SSB per cell in the last meeting agreement, so the beam number per frequency layer for FR1 can be comply with the cell number, which is 8 for intra-frequency and 4 for inter-frequency. 
Proposal 3: For FR1, in case the Tx beamforming is deployed, the beam number for monitoring is: 
· For SSB based intra-frequency measurement with and without measurement gap, UE is required to at least simultaneously monitor [8] identified beams per intra-frequency.
· For SSB based inter-frequency measurement, UE is required to at least simultaneously monitor [4] identified beams per inter-frequency.



Discussion on UE measurement capability of cell and beam number 
The summary of companies’ proposals can be found in annex of [1], which is duplicated as below.
	Company
	FR1
	FR2
	Reference

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

	
	# cells
	# SSBs
	# cells
	# SSBs
	# cells
	# SSBs
	# cells
	# SSBs
	

	Intel
	8
	8
	4
	4
	8
	16
	4
	8
	R4-1800130

	NTT DoCoMo
	8
	32
	4
	16
	8
	32
	4
	16
	R4-1800563

	ZTE
	8
	24, 32
	4
	16
	4
	?
	4
	24, 32
	R4-1800554

	Huawei
	8
	12, 14
	4
	8
	4
	16
	3
	12
	R4-1713406

	Samsung
	8
	12
	4
	8
	4
	16
	2
	8
	R4-1800199

	Ericsson
	8
	16
	4
	8
	8
	32
	4
	16
	R4-1800188

	Qualcomm
	 
	 
	 
	 
	3,4
	8,12
	 
	 
	R4-1800979

	Nokia
	8
	16
	4
	8
	8
	>1 per cell
	4
	>1 per cell
	R4-1800376

	MediaTek
	8
	8
	4
	4
	8
	16
	4
	12
	R4-1800106

	CATT
	8
	16
	4
	8
	8
	16
	4
	8
	R4-1712592



The most controversial issues is for the beam number, and in order to progress the RAN4 work, we propose to use median value among companies’ proposals for intra-frequency beam numbers. Due to the gap resource limitation, the inter-frequency case shall have half number of beams compared with intra-frequency case.
Proposal: recommend companies to compromise to the following requirement:  
	FR1
	FR2

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

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

	8
	12
	4
	6
	8
	16
	4
	8



Conclusion
In this contribution, we further discuss the UE measurement capability of cell and beam number.
Proposal: recommend companies to compromise to the following requirement:  
	FR1
	FR2

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

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

	8
	12
	4
	6
	8
	16
	4
	8
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