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10.8.2.2	Reference angular step criteria
For each frequency, the reference angular steps  and  in radians are calculated as [29]:
	

	



	
, where D and Dcyl are defined in subclause 10.8.2.1. This implies a maximum angular step of 15 degrees.
The reference steps can be derived as follows. Consider two short vertical current elements separated a distance L along the z-axis. The EIRP pattern of this source is
	
Here, the element factor is  and  is the array factor contribution. To calculate the TRP value correctly, an angular sampling of  is required, see Figure 10.8.2.2-1. But a single  is enough since the pattern is -independent (omni-directional).
Any current flowing on a line between the points  will correspond to source separations less than or equal to L. Hence its EIRP pattern will correspond to the same angular resolution, i.e., the average value will be correctly predicted using the same angular step.
[image: ]
Figure 10.8.2.2-1: The average EIRP when using different angular steps  and the EIRP pattern of two short vertical current elements separated a distance L=4, 8, 12, 16, and 32 wavelengths, respectively. The dashed lines depict the reference angular step  radians for the used source separations.
To proceed to more general sources two observations are useful: 
1)	A rotation of a source will not change the required  resolution, but the  resolution must be set equal to the  resolution.
2)	If the source distribution is stretched along the z-direction, the -resolution will not change.
Based on these two observations and the angular resolution of the line source of length L, the following can be deduced.
1)	If the line source is tilted 90 degrees down to the xy-plane, and then arbitrarily rotated around the z-axis, a flat disc of diameter L is generated. Based on observation 1, the angular resolution is .
2)	If the disc is stretched a distance h along the z-axis (current elements are translated parallel to the z-axis), then the  is unchanged, whereas the vertical angular resolution increases to  to encompass the largest possible source separation within the cylinder.
The final shape of the source enclosure is hence a cylinder of diameter L and height h, and the angular steps required to get an accurate EIRP average (TRP value) are 
	 , .
Here,  is the diameter of the source enclosure, i.e., the diameter of the smallest sphere enclosing all sources, and  is the diameter of the smallest z-directed circular cylinder that encloses all sources.
Other methods for determining the reference angular steps are not precluded. 
Note: When sampling with the reference angular step, fine details of the radiation pattern are maybe not captured but the estimated TRP value is still accurate.
Spherical diameter is defined as the diameter of the smallest sphere enclosing the radiation source.
Cylindrical diameter is defined as the diameter of the smallest cylinder that encloses the radiation source along z-axis.
The spherical and cylindrical diameters are calculated as
	
	 
The radiation source can be the antenna array or even the whole EUT, depending on the emissions we consider. This is further explained in 10.8.3 Measurement procedures.
Some basic definitions and relations are given here for readability.
[image: ]
Figure 10.8.2.2-2: the dimensions of a radiation source are depth (d), width (w) and height (h)

For the specific case of Uniform Linear Array (ULA) system, the array spatial pattern could be defined as in the following equation. 
	[image: ]
Where spatial frequency [image: ] is defined as following: 
	[image: ] 
Similar to Nyquist sampling in the time domain signal, the Rayleigh resolution for spatial domain signal to avoid the aliasing can be derived as
	[image: ]

	
where d is the separation distance between antenna elements and m is the number of antenna elements. If EUT is mounted along the yz plane as shown in Figure 10.8.2.2-3, based on the above considerations on the Rayleigh resolution for spatial domain signal, then subinterval in the  φ and θ in degrees angle is calculated as:

	

	
Where [image: ]is length of radiating part of the EUT along  y-axis, [image: ] is length of radiated part of the EUT along the z-axis and [image: ] is wavelength for the measured frequency. Arcsine is in radians.
[image: Figure 3]
Figure 10.8.2.2-3: Spherical coordinate for OTA conformance testing of EUT
In the NR coexistence study, it was assumed that antenna configuration for WA NR BS is 8x16 with two polarization. If EUT mounted along yz plane with antenna configuration 16x8 where 16 column are assumed along the y-axis and 8 rows are assumed along the z-axis. Antenna elements are uniformly distributed with separation distance λ/2, therefore aperture size Dy≈8λ and Dz≈4λ. The uniform sampling in the spherical coordinate for this approach is demonstrated in the Figure 10.8.2.2-4.
[image: Figure_5.tif]
Figure 10.8.2.2-4: Uniform sampling in the spherical coordinate, red crosses denotes the sampling points. 
For a wanted signal, the reference angular steps are approximately equal to the beamwidth (in degrees) of the main beam.   

	

	


where BeWφ and BeWθ are the beamwidth of the wanted signal in the φ-axis and θ-axis, respectively; and  and are the first null beamwidth of the wanted signal in the φ-axis and θ-axis, respectively.
Using beamwidth of the wanted signal, the reference angular steps for each frequency within the downlink operating band including ΔfOBUE can be expressed as follows:

	

	
where λo is the wavelength of the wanted signal, and BeWφ and BeWθ are the beamwidth in the φ-axis and θ-axis, respectively.
For the OTA BS radiated transmit power requirement, beamwidths at five different directions is declared by manufacturers. For more details, see subclause 7.2 in 3GPP TR 37.842. The declared beamwidth may be used to set BeWφ and BeWθ in the above equations provided the same beam is applied to test in-band TRP requirements. If the beamwidth of a test beam is not declared, then the beamwidth can be obtained through measurements following the same procedure as the BS radiated transmit power requirement prior to TRP measurements. 
In addition, the beamwidth of the wanted signal can be used to determine the physical dimensions of a radiation source as follows:

	

	
and for the ULA case: 

	

	
----------end of changes-----------
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