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Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]According to [1] over-the-air (OTA) testing is the baseline for NR UE RF requirements at frequencies above 6 GHz. Furthermore, a key aspect of the baseline setup is to perform measurements in the far-field (FF) region. This requires the knowledge of the far-field distance. However, the criterion for determining the far-field distance is still to be defined. If the minimum FF distance is unknown, [2] proposes a way to measure it based on power measurements.
This document proposes an alternative measurement based approach to determine the minimum FF distance based on measured antenna pattern characteristics, as it is assumed that antenna pattern measurements will be an integral part of conformance testing.
Rationale
[bookmark: OLE_LINK20]The baseline OTA measurement setup for NR mm-wave frequencies shall provide measurement capabilities in the far-field region, however, the criterion to determine the far-field distance is yet to be defined [1]. In theory, the minimum far-field distance rf can be calculated for standard antenna elements and well known antenna geometries. A common rule of thumb based on the diameter D of the smallest sphere that encloses the radiating parts of the DUT is provided in [3][4]:
(1) 
However, the difficult part is to determine D, which requires measurement based determination methods for the FF distance as discussed in [2] already.
Assuming uniform linear antenna arrays (ULA) with equally spaced (distance d) N isotropic radiating elements placed along horizontal axis x, D = d∙N can be replaced by the null-to-null beam width FNBW which shall be explained based on Figure 1.
Figure 1 depicts a linear antenna array with N elements across the length D = d∙N. Assuming uniform amplitude distribution we get an azimuth angle  antenna pattern of  with
 and elevation angle set to , which is the main beam direction in elevation direction.
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Figure 1: Linear antenna array of length D = d∙N and with D >> λ
Thus, we get both adjacent nulls of the main beam for   , i.e. for  .
This condition is equivalent to , i.e. nulls at either side of the main beam are at
(1) 
Assuming , the  function can be approximated by a linear function 
In this case the main null-to-null beam width, named the first-null beam width FNBW according to [7], is given as  and can be approximated by
(2) .
Consequently, replacing  by  according to (2) we get
(3) 

Furthermore [7] explains that for linear antenna arrays the half power beam width HPBW can be approximated by half of the first-null beam width FNBW, which simplifies (3) to

(4) 
(5) 

Measurements
[bookmark: _GoBack]For verification we measured a 28 GHz planar 16x4 array sample printed on the x-y plane, i.e. a 2-dimensional ULA. According to [6] the beam width value FNBW of the main lobe between two adjacent nulls along the x-axis can be determined from the expressions (1) by replacing D with Dx = dx∙Nx , with Nx elements and uniform spacing distance dx. The beam width value of the main lobe between two adjacent nulls along the y-axis can be determined from the expressions (1) and by replacing D with Dy = dy∙Ny, with the Ny elements and equal spacing distance dy, accordingly.
The dimension of the array along both axis is known (which will not be the case when integrated into a DUT). Figure 2 shows the antenna pattern measurement along the 4 element x-axis and the 16 element y-axis. Table 1 shows the derived far-field distances as well as the calculated D from the measured null-to-null beam width FNBW.

[image: ][image: ]
Figure 2: Antenna pattern measurement of 16x4 antenna array.
(left along x-axis with Nx = 4, right along y-axis with Ny = 16)

Table 1: Measure FNBW and derived far-field distance  and D
	λ = 1.07 cm
(28 GHz)
	FNBW
(measured)
	(calculated*)
	D
(calculated**)
	D
(measured)

	x-axis
(typical UE antenna array size)
	50°
	11.2 cm
	Dx = 2.4 cm
	Dx = 2.5 cm

	y-axis
(typical gNB antenna array size)
	15°
	125 cm
	Dy = 8.2 cm
	Dy = 8.8 cm


* Calculated from the FNBW value according to (3).
** Calculated from the FNBW value according to (2).
FNBW was determined from the antenna pattern measurement according to Figure 2.
Conclusion
[bookmark: _Ref473660868][bookmark: _Ref473660708][bookmark: OLE_LINK6][bookmark: OLE_LINK7]For planar uniform linear antenna arrays, as long as we can assume the , the FF distance can be estimated based on the measured FNBW according to (3) or HPBW according to (4). This provides a method to estimate the FF distance when the main beam width of the antenna under test is known while D is not.
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