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1 Introduction
In RAN4#72bis, a way forward on OTA sensitivity was approved [1]. This way forward includes two paths, one of which includes the continued investigation of implementing a minimum requirement for OTA sensitivity related to a fixed level rather than only relating to a declared value directly.
This contribution continues this investigation, aiming at defining a method of defining a minimum specified level of OTA sensitivity, taking into account the potentially large variation of antenna directivity in AAS BS.
2 Discussion
In RAN4#72 and RAN4#72bis it has been proposed that it is possible to apply a minimum requirement on OTA sensitivity based on information on the AAS BS declared range of AoA (Angle of Arrival) in which it is intended to operate (e.g. [2])
. This range is intended to describe the receive property corresponding to the beam width of a fixed beam so as to describe the “reverse illumination” for the cell. It has been proposed that this minimum requirement can be described as an EIS requirement scaled with a function of a declared range of AoA based on the corresponding directivity estimates existing for beam widths.
In this contribution it is attempted to compare directivity estimates existing in the literature with the directivity calculation method proposed in TR37.840 [ref] for a range of azimuth and elevation beam width combinations taken from current field applications, and from expected AAS BS applications.
The methodology is to generate the beam width combination by exciting the model used in TR37.840 [3] and calculate the directivity according to [3]. The directivity estimate for these beam width combinations are calculated according to formulas in the literature, and the resulting directivity estimates are compared.
The combination of azimuth and elevation beam widths are shown in figure 1 below. The complete list of beam width combinations simulated is given in annex A of this contribution.
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Figure 1, Beam width combinations subjected to directivity estimate simulations.

There are a number of directivity estimation formulas based on beam width information to be found in the literature. Most are based on either the Krauss formula [4] or the Tai/Pereira Formula [5]. One often referred directivity estimate formula related to the Krauss formula but claimed to be more accurate for large arrays is the Elliott formula [6]. In this study, these three formulas are investigated. In addition, a new formula derived from the results of this study, referred to as the “36000+ model”, is presented. The four directivity estimate formulas are given by:
· Kraus: 


D = 10*log10(41253/(ABW*EBW))
· Elliott: 


D = 10*log10(23400/( ABW*EBW))
· Tai/Pereira: 
D = 10*log10(72815/(ABW2+EBW2))
· 36000+ model:
D = 10*log10(36000/( ABW*EBW)+0.3)
Where: D is directivity, ABW is azimuth beam width, and EBW is elevation beam width.

Applying the respective formulae on the simulated beams gives the results depicted in figure 2.
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Figure 2, Comparison of directivity estimates for all different investigated beam width combinations.
It can immediately be seen in figure 2 that the Tai/Pereira model is not well suitable for directivity estimates in some of the simulated beam shapes. Some reults are even below 0 dB which goes against the definition of directivity. However, the range of beam width combinations can be viewed to be in excess of what may be reasonable to expect. A subset of the investigated combinations are therefore plotted separately in figure 3. The beam width combination subset is indicated in figure 4.
It can be noted that the other estimation formulae scale the directivity linearly with the product of the azimuth and elevation beamwidths in close similarity to the directivity calculation promoted by [3]. (Note the logarithmic scaling on the x-axis of figures 2 and 3.)
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Figure 3, Comparison of directivity estimates for a subset of the different investigated beam width combinations.
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Figure 4, Subset of the investigated beam width combinations

From figure 3 it can be seen that even though the worst estimate errors related to the Tai/Pereira formula are removed by omitting some of the investigated beam width combinations, this formula continues to produce estimates that deviates more form the calculation proposed in [3] than the other estimation formulas. 

It can therefore be concluded that the Tai/Pereira directivity estimation formula is less suitable for the purpose of establishing a scaling of the OTA EIS requirement with an estimated directivity based on the range of AoA intended for the AAS BS.

A further detailed analysis of the deviations between the remaining directivity estimation formulas and the directivity calculation in [3] is shown in figure 5. It can be noted that this is again for the full set of the investigated beam width combinations.
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Figure 5, Directivity estimate deviation for directivity calculation according to TR37.840.
In figure 5 it can be seen that all investigated beam width combinations result in less than 0.5 dB deviation from the directivity calculated in accordance with [3]. Model 36000+ produces the below statistics (dB)
	average
	0,051985

	sd
	0,273916

	max
	0,453057

	min
	-0,49851

	range
	0,951565


3 Conclusion
· A wide range of beam width combinations have been investigated with respect to directivity estimation based on information of azimuth and elevation beam width.
· It has been shown possible to estimate the directivity within 0.5 dB deviation from the directivity calculated according to TR37.840 [3]

· This indicates that it is reasonable to assume that information about intended range of angle of arrival can be used for scaling a minimum specified level of the OTA sensitivity requirement for AAS BS.
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5 Annex A
List of simulated radiation patterns described by azimuth beam width (HBW) and elevation beam width (VBW) in the current contribution.

	HBW (deg)
	VBW (deg)

	
	

	360
	70

	360
	65

	360
	30

	360
	15

	360
	7

	360
	4

	90
	70

	90
	65

	90
	30

	90
	15

	90
	7

	90
	4

	70
	70

	70
	30

	70
	15

	70
	7

	70
	4

	65
	65

	65
	30

	65
	15

	65
	7

	65
	4

	60
	65

	60
	60

	60
	30

	60
	15

	60
	7

	60
	4

	45
	70

	45
	65

	45
	60

	45
	30

	45
	15

	45
	7

	45
	4

	30
	70

	30
	65

	30
	60

	30
	30

	30
	15

	30
	7

	30
	4

	20
	70

	20
	65

	20
	30

	20
	15

	20
	7

	20
	4

	15
	70

	15
	65

	15
	30

	15
	15

	15
	7

	15
	4

	7
	70

	7
	65

	7
	30

	7
	15

	7
	7

	7
	4

	7
	2

	4
	70

	4
	65

	4
	30

	4
	15

	4
	7

	4
	4

	4
	2

	2
	70

	2
	65

	2
	30

	2
	15

	2
	7

	2
	4

	2
	2


� The nomenclature has been varying – e.g. “angular range of operation” in [2].





