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1	Introduction
During a number of RAN4 meetings RAN4 has been discussing the UE requirements related to number of cells and number of beams the UE should be able to monitor. As such no agreements have been reached yet, although there seems to be some consensus related to the requirements for Sub-6GHz on number of cells, where re-use of E-UTRAN requirements seems reasonable. Number of beam for sub-6 is still open.
In this paper, we investigate further the impact on the UE requirements related to number of cells and beams from the network deployment aspects. Our approach is to analyse what is needed from network deployments point of view in terms of beam support for enabling a given cell coverage. Based on this it is possible to estimate number of needed SS-Blocks and cell aperture. 

2	Discussion
In this paper, we use the UMa case from the agreed simulation assumptions as baseline for the discussion. We use ISD of 200m and a deployment as illustrated in figure 1. 
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Figure 1: Urban Macro deployment example (from RAN4 system simulation assumptions)
We next look at the SS-Block link budget using some of the parameters as listed in the simulation assumptions plus some additional assumptions.
2.1	SS-Block Link Budget
We will focus on the NLOS case as this will be the limiting factor for the link. For above 6GHz we look at SS-Block SCS of 120 and 240KHz which gives a certain PBCH bandwidth as given in the table 1 using 240 PRB PBCH BW. We use the PBCH bandwidth as the baseline for the link budget analysis as the UE in many occasion need to receive the PBCH for cell detection especially in higher carrier frequencies.
UE RF noise figure is still under discussion in RF, but in the simulation assumption it has been agreed as 13dB.
Table 1 Link Budget for UMa with 200m ISD
	Input Parameters
	SCS
	KHz
	120
	240

	
	Frequency band
	GHz
	30

	
	Coverage requirement
	m
	200

	
	Noise figure at UE
	dB
	13

	
	PBCH BW
	Hz
	28800000
	576000000

	Loss
	Pathloss
	dB
	133,01

	
	Shadow fading margin
	dB
	5,2

	
	Beam mismatch loss
	dB
	3

	
	Loss in beam forming due to NLOS
	dB
	6

	RX sensitivity
	Noise Power
	dBm
	-86,41
	-83,40

	
	Required SINR
	dB
	-6

	
	Implementation margin
	dB
	2

	
	Required Rx sensitivity
	dBm
	-90,41
	-87,40

	RF
	Rx antenna gain
	dBi
	5

	
	Required EIRP
	dBm
	51,80
	54,81



Based on the UMa NLOS pathloss model used in 3GPP we see that the pathloss will be around 133dB. Additionally, we will have loss due mismatch in the beam forming of 3dB, a loss in beam forming due to NLOS. This loss occurs because of the scattering effect in NLOS which leads to additional pathloss. 
With these additional loss we get a noise power of -86,41dBm and -83,40dBm for 120KHz and 240KHz SCS respectively. These numbers are based on NP=-174+10log10(PBCH BW)+UE NF.
The required SINR at the cell edge is aimed at -6dB and we leave 2dB for implementation margin. Assuming a UE Rx antenna gain of 5dBi we can see that we need an EIRP at the gNB of 51,80dBm for 120KHz SCS and 54,81dBm for 240KHz SCS. Both at 30GHz carrier frequency.
This information can be used to calculate the needed antenna array in order to deliver the necessary radiated power. It should be noted that the loss due to directional loss is not accounted in these calculations.

2.2 gNB parameters and UE requirements
Next, we look at how the link budget calculation in former section impacts the gNB requirements depending on which implementation technology is used on gNB side. 

2.2.1 gNB PA technology and antenna elements
It is assumed that SiGe and CMOS based PA technologies are feasible in the 30-52.6 GHz carrier frequency range due to size constraints, power consumption and integration capabilities. Referring to [1], we consider 19 and 13 dBm as maximum P1dB for SiGe and CMOS PA, respectively.
To reach the required EIRP on gNB side of 52 or 55dBm, as calculated above, the following number of antenna elements are needed for SiGe and CMOS:
Table 2 Antenna element needed for different gNB technologies to reach the needed gNB EIRP.
	PA Technology
	SiGe
	CMOS

	EIRP Target 120KHz SCS (dBm)
	51,8

	EIRP Target 240KHz SCS (dBm)
	54,8

	Element gain (dBi)
	3,2

	P1dB (dBm)
	19
	13

	Backoff (dB)
	10

	Switch loss (dB)
	2

	# of antenna elements 120 KHz SCS
	96
	191

	# of antenna elements 240 KHz SCS
	136
	270



To support such number of antenna elements we would need following MxN antenna arrays: (8x8), 16x8, 16x12 and 16x16.
These results indicate that we can expect different antenna arrays in the field and a need for (significant) higher number of beams in the real deployments, compared to what RAN4 is currently using in our simulation assumptions. This difference needs to be accounted in the RAN4 discussions and the discussions related to the UE requirements.
Proposal 1: The (significant) difference in beam amount used in simulations and what can be expected in real deployment needs to be accounted when deciding the UE requirements.

2.2.2 gNB PA technology and Cell aperture
From table 2, the number of antenna elements needed to reach the necessary EIRP at cell edge for different implementation technologies, are listed. Different antenna arrays will have different azimuth and elevation beamwidth’s as seen in table 3. 
Table 3 Azimuth and elevation beamwidth's for different antenna array structures.
	
	Azimuth Beamwidth [degrees]
	Elevation Beamwidth
[degrees]

	8x8
	12,75
	12,75

	16x8
	6,375
	12,75

	16x12
	6,375
	8,5

	16x16
	6,375
	6,375



The azimuth and elevation beamwidth’s defines the number of beams needed to cover a certain cell aperture. From table 3, one can estimate the number of beams that would be needed per cell to cover the entire cell given a certain cell aperture.
Table 4 Number of beams needed to cover a cell with a given cell aperture.
	
	Cell aperture [degrees]

	
	120x30
	90x30
	60x30

	Antenna array
	8x8
	30
	24
	15

	
	16x8
	57
	45
	30

	
	16x12
	76
	60
	40

	
	16x16
	95
	75
	50



In NR, RAN1 decided that it is possible to have up to a maximum of 64 SS-Blocks per cell in carrier frequencies higher than 6GHz. This means that when using a 16x16 or 16x12 arrays it is not possible to have cell aperture of 120 degrees. In these situations, it will be necessary to decrease the cell aperture to 90 degrees for 16x12 or even 60 degrees for a 16x16 arrays. In practical deployments, this means an increase in the number of cells per area. 
Observation 1: At higher frequencies, the cell aperture decreases.
A decrease in the cell aperture leads to an increase in the number of cells in the system. This again may affect the number of cells the UE will be able to detect and could impact the number of cells the UE would need to be able to monitor.
Observation 2: A decrease in cell aperture may impact the UE cell monitoring requirements.
Proposal 2: RAN4 need to account the decreased cell aperture coverage when deciding the UE requirements.
From these calculations, it is visible that in real deployment to be expected in the fields in the future, when NR will be deployed in higher carrier frequencies, there will be deployment scenarios in which the UE will experience very dense cell deployment and a high number of beams per cell.
This would of course need to be accounted in the RAN4 work in terms of defining UE minimum requirements, both in terms of number of cell and beams to monitor, but also in terms of latencies. One impact from the very dense deployments will be the sensitivity towards latencies e.g. in mobility. This part still needs discussions in RAN4.
3	Conclusion
In this paper, we investigated the impact on the UE requirements related to number of cells and beams from network deployment aspect. Our approach in the analysis was to analyse what is needed from network deployments point of view in terms of beam support and cell coverage. Based on this need we estimated the needed number of SS-Blocks and cell aperture. 
Concerning number of beams, we observed, using the UMa assumptions, that in the field we will see a significant higher number of beams than what is used in the simulations used for deriving the UE requirements. We propose:
Proposal 1: The (significant) difference in beam amount used in simulations and what can be expected in real deployment needs to be accounted when deciding the UE requirements.
As there can only be a maximum of L=64 SS-blocks per cells we observed:
Observation 1: At higher frequencies, the cell aperture decreases.
Observation 2: A decrease in cell aperture may impact the UE cell monitoring requirements.
Proposal 2: RAN4 need to account the decreased cell aperture coverage when deciding the UE requirements.
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