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1 		Introduction
Traditional far-field measurement criteria have driven the TR towards DFF and IFF approaches to testing.  However, for some test cases, these approaches are not likely to be practical long term.  In addition, the associated measurement uncertainty contributions may not be any better than the uncertainty that would be associated with direct near field measurements.  To evaluate the impact of range length on measurement uncertainty, tests have been performed on an Anokiwave/Ball Aerospace model AWA-0134 256 element active antenna at 28 GHz.  This analog beam steering phased array supports four different ore-programmed beam shapes; minimum beamwidth (maximum gain), low (-25 dB) sidelobe, 30° beamwidth, and  60° beamwidth.  Tests were performed in a modified ETS-Lindgren AMS-8500 chamber traditionally used for sub 6 GHz OTA testing.  The array was installed on a standard multi-axis positioning system (MAPS) using a medium duty mast traditionally used for OTA testing with a phantom head and hand.  A dual polarized quad-ridge waveguide horn was used as the measurement antenna, mounted to a linear slide that could adjust the range length by a delta of two meters.  
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Figure 1.  Anokiwave/Ball Aerospace AWA-0134 mounted on ETS-Lindgren Model 2015 MAPS positioner.
Initial tests were performed for each beamwidth setting with a boresight (0, 0) pointing direction.  The range length to the center of rotation was 1.2825 m, with a distance to the antenna face of 1.325 m (it was not possible to get the antenna face directly on the center of rotation).  With a diagonal dimension, D, of ~0.14 m, then at 28 GHz the 2D2/ far field distance would be 3.73 m.  If we were to use the dimensions of the entire housing, the far field distance would be 17.1 m.  

2	Discussion
Figure 2 shows the spherical antenna pattern for the 60° beamwidth pattern, with (bottom) and without (top) far field conversion.  Figure 3 overlays various theta cuts through those patterns for comparison.  In most cases, the variation between patterns is on the order of a dB or less on the significant lobes, even though the range length is a third of what it should be for a far field condition.  Note that the patterns are normalized, since differences in range length would require different path loss corrections anyway, so absolute values like gain are a function of the range calibration uncertainty.
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[bookmark: _Ref1139111]Figure 2.  Comparison of the measured near field (top) and calculated far field (bottom) patterns for the 60° beamwidth setting.
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[bookmark: _Ref1139117]Figure 3.  Comparison of various theta cuts through the 60° beamwidth pattern at different phi angles.
    



Similarly, Figure 4 shows the spherical antenna pattern for the 30° beamwidth pattern, with (bottom) and without (top) far field conversion.  Figure 5 overlays various theta cuts through those patterns for comparison.  A larger delta is evident in some cuts for the first side lobes that are forming the main 30° beam.  Since the patterns are normalized to the peak, this exaggerates the delta of those sidelobes.  The overall difference can be better estimated from the directivity deltas shown later.   
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[bookmark: _Ref1143203]Figure 4.  Comparison of the measured near field (top) and calculated far field (bottom) patterns for the 30° beamwidth setting.
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[bookmark: _Ref1143227]Figure 5.  Comparison of various theta cuts through the 30° beamwidth pattern at different phi angles.
    



Figure 6 and Figure 7 illustrate the same spherical patterns and cuts for the low sidelobe setting.  A slight difference in the initial width of the main lobe is visible, but all sidelobes show up at similar low levels.
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[bookmark: _Ref1143412]Figure 6.  Comparison of the measured near field (top) and calculated far field (bottom) patterns for the low sidelobe setting.
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[bookmark: _Ref1143427]Figure 7.  Comparison of various theta cuts through the low sidelobe pattern at different phi angles.


Figure 8 compares the near and far field results for the narrowest beamwidth setting.  The impact on the side lobes is quite apparent in this case, so comparison on the cuts is not really necessary.  Note however that this pattern was measured under slightly different conditions than the previous, so further investigation is necessary to make a final conclusion here.  However, it is not surprising that once the array is used to its maximum potential gain, that range length limitations should start to become more significant.

[image: ]
[image: ]
[bookmark: _Ref1143802]Figure 8.  Comparison of the measured near field (top) and calculated far field (bottom) patterns for the narrowest beamwidth setting.  Differences in sidelobes are now readily apparent.




[bookmark: _GoBack]While the pattern results are normalized and the range length is uncalibrated, it’s informative to compare the directivity of the near and far field patterns.  This gives some indication of the amount of error to be expected in the main lobe at peak EIRP.  While the 30 degree case has an excessive error that was also evident in the graphs themselves, the remaining patterns show on the order of ±1 – 1.25 dB.  Given the potential dynamic range improvements to be gained by operating with shorter range lengths, such an error/uncertainty may be acceptable.  

	
	Directivity (dB)
	

	
	Measured Near Field
	Calculated Far Field
	Delta (dB)

	60 ° Beamwidth
	14.6154
	15.7536
	-1.1382

	30 ° Beamwidth
	23.1843
	20.6266
	2.5577

	Low Sidelobe
	29.2372
	28.0013
	1.2359

	Minimum Beamwidth
	30.5212
	29.6324
	0.8888





3	Conclusion 
While this is just a quick initial evaluation of a few results, it would appear that many of the metrics of interest for conformance testing of the 5G NR could potentially be done in the near field with measurement uncertainties similar to that for longer range lengths that meet the far field condition.  Further testing is needed to better quantify the impact of range length, but if a high gain beam former can perform this well, chances are lower gain antennas will have even lower uncertainties.  Future work will attempt to investigate this further.  
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Measured NF vs. NF2FF, 60° Beamwidth - 15°

Relative Pattern  (dB)

Theta Angle  (°)

-90 90 -75 -60 -45 -30 -15 0 15 30 45 60 75

-40

0

-35

-30

-25

-20

-15

-10

-5

NF2FF Measured NF


image6.emf
Measured NF vs. NF2FF, 60° Beamwidth - 30°
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Measured NF vs. NF2FF, 60° Beamwidth - 45°
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Measured NF vs. NF2FF, 60° Beamwidth - 60°
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Measured NF vs. NF2FF, 60° Beamwidth - 75°

Relative Pattern  (dB)

Theta Angle  (°)

-90 90 -75 -60 -45 -30 -15 0 15 30 45 60 75

-40

0

-35

-30

-25

-20

-15

-10

-5

NF2FF Measured NF


image10.emf
Measured NF vs. NF2FF, 60° Beamwidth - 90°
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Measured NF vs. NF2FF, 60° Beamwidth - 105°
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Measured NF vs. NF2FF, 60° Beamwidth - 120°
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Measured NF vs. NF2FF, 60° Beamwidth - 135°
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Measured NF vs. NF2FF, 60° Beamwidth - 150°
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Measured NF vs. NF2FF, 60° Beamwidth - 165°
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Measured NF vs. NF2FF, 30° Beamwidth - 0°
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Measured NF vs. NF2FF, 30° Beamwidth - 15°
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Measured NF vs. NF2FF, 30° Beamwidth - 30°
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Measured NF vs. NF2FF, 30° Beamwidth - 45°
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Measured NF vs. NF2FF, 30° Beamwidth - 60°
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Measured NF vs. NF2FF, 30° Beamwidth - 75°
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Measured NF vs. NF2FF, 30° Beamwidth - 90°
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Measured NF vs. NF2FF, 30° Beamwidth - 105°
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Measured NF vs. NF2FF, 30° Beamwidth - 120°
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Measured NF vs. NF2FF, 30° Beamwidth - 135°
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Measured NF vs. NF2FF, 30° Beamwidth - 150°
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Measured NF vs. NF2FF, 30° Beamwidth - 165°
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image32.emf
Measured NF vs. NF2FF, Low Sidelobe - 0°
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Measured NF vs. NF2FF, Low Sidelobe - 15°
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Measured NF vs. NF2FF, Low Sidelobe - 30°

Relative Pattern  (dB)

Theta Angle  (°)

-90 90 -75 -60 -45 -30 -15 0 15 30 45 60 75

-40

0

-35

-30

-25

-20

-15

-10

-5

NF2FF Measured NF


image35.emf
Measured NF vs. NF2FF, Low Sidelobe - 45°
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Measured NF vs. NF2FF, Low Sidelobe - 60°
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Measured NF vs. NF2FF, Low Sidelobe - 75°
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Measured NF vs. NF2FF, Low Sidelobe - 90°

Relative Pattern  (dB)

Theta Angle  (°)

-90 90 -75 -60 -45 -30 -15 0 15 30 45 60 75

-40

0

-35

-30

-25

-20

-15

-10

-5

NF2FF Measured NF


image39.emf
Measured NF vs. NF2FF, Low Sidelobe - 105°
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Measured NF vs. NF2FF, Low Sidelobe - 120°
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Measured NF vs. NF2FF, Low Sidelobe - 135°
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Measured NF vs. NF2FF, Low Sidelobe - 150°

Relative Pattern  (dB)

Theta Angle  (°)

-90 90 -75 -60 -45 -30 -15 0 15 30 45 60 75

-40

0

-35

-30

-25

-20

-15

-10

-5

NF2FF Measured NF


image43.emf
Measured NF vs. NF2FF, Low Sidelobe - 165°
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