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1.		Introduction R
In response to [1] we here try to quantify the potential errors related to OTA measurements spatial resolution for NR >6GHz UE antennas and array antennas. It was claimed in [1] the risk for unacceptable long measurement times as a consequence of small spatial step-sizes required if either the beam-width of an array is very narrow or if the magnitude of parasitic lobes are high. 
Below “TRP” is simulated at step-sizes between 1° and 15° for different antenna types and in 8x1 array configurations at 28 GHz. One of the arrays was analysed at three different lobe deflections. Parasitic lobes were further stressed by on purpose separating the distance between elements to 2 wavelengths (instead of λ/2) in order to simulate a far out-of-band spurious emission test case.

2.	Three different single antenna elements gain and TRP
Simulation results from different spatial resolutions when obtaining peak gain and TRP, equal ϴ and φ steps.
	Step size
	Notch antenna
	Slot antenna
	Patch antenna

	
	Peak gain dB
	TRP dBm
	Peak Gain dB
	TRP dBm
	Peak gain dB
	TRP dBm

	1°
	4.33
	-3.39
	5.36
	-4.10
	6.13
	-3.79

	5°
	4.31
	-3.35
	5.15
	-4.07
	6.04
	-3.73

	10°
	4.29
	-3.30
	5.15
	-4.00
	6.00
	-3.67

	15°
	4.23
	-3.25
	4
	-4.00
	5.98
	-3.63



2D representations of 3D radiation patterns at 1° resolution for the notch, slot and patch antennas respectively:
[image: ][image: ][image: ]
Observation 1: For single antennas TRP error appears less than 0.15 dB between 15° and 1° resolution.
3.	Three different array antennas gain and TRP.
Simulation results from 8x1 array configurations of three different antenna types at zero phase shifts.
	Step size
	Notch array
	Slot array
	Patch array

	
	Peak gain dB
	TRP dBm
	Peak gain dB
	TRP dBm
	Peak gain dB
	TRP dBm

	1°
	11.18
	-3.39
	12.25
	-4.11
	13.13
	-3.79

	5°
	11.17
	-3.36
	11.88
	-4.10
	13.10
	-3.72

	10°
	11.13
	-3.35
	11.88
	-4.06
	13.05
	-3.67

	15°
	11.12
	-3.44
	10.74
	-4.17
	12.78
	-3.68



2D representations of 3D radiation patterns at 1° resolution for the notch array, slot array and patch array resp.:
[image: ][image: ][image: ]
Observation 2: For 8x1 array antennas TRP error appears to be less than 0.15 dB between 15° and 1° resolution.	 
4.	Notch array gain and TRP at lobe deflection
Peak gain and TRP were analysed at two different lobe deflections roughly 30° and 60° relative to zenith and corresponding to 60° and 120° phase-shifts of outer elements.
	Step size
	60° 
	120°

	
	Peak gain dB
	TRP dBm
	Peak gain dB
	TRP dBm

	1°
	12.29
	-3.31
	11.64
	-3.31

	5°
	12.27
	-3.26
	11.50
	-3.26

	10°
	12.06
	-3.20
	11.50
	-3.20

	15°
	12.24
	-3.20
	11.46
	-3.18



Pattern figures on the next page.





2D representation of 3D radiation patterns at 1° resolution for two different lobe deflections, 60° and 120° phase shifts. Note that some parasitic lobes appear here as compared to 0° phase shift:
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Observation 3: TRP at lobe deflections for a 8x1 array differs by less than 0.2 dB relative to zenith 0° regardless of measurement resolution in step size.
5.	TRP of notch array having high side-lobes
Finally peak gain and TRP were analysed for a 8x1 notch array having its elements separated by 2λ to on purpose create a side lobe. Here the side lobe is -3.5 dB relative to the main lobe.
	Step size
	0° PS
	60° PS
	120° PS

	
	Peak gain dB
	TRP dBm
	Peak gain dB
	TRP dBm
	Peak gain dB
	TRP dBm

	1°
	12.87
	-3.35
	13.86
	-3.31
	13.98
	-3.31

	5°
	12.87
	-3.14
	13.82
	-3.13
	13.97
	-3.17

	10°
	12.86
	-2.48
	13.82
	-3.63
	13.79
	-2.80

	15°
	12.87
	-2.33
	12.00
	-3.86
	13.80
	-3.36



2D representations of 3D radiation patterns of a 8x1 notch array antenna having 2λ separation between elements for 0°, 60° and 120° PS at 1° resolution:
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Observation 4: For this test case attempting to reflect a far out of band spurious emission situation TRP is obtained to within 1.0 dB difference between 10° and 1° step size resolution.
Observation 5: The patch array offers the narrowest beam of the three types analysed and for an 8x1 element array it is found to be about 20° of beam width. 


6.	Conclusion

[bookmark: _GoBack]Reference [1] highlighted the need for analysing required spatial resolutions when performing OTA TRP and TRS measurements at mmWaves since they had observed a substantial amount of parasitic lobes surrounding the main lobe of a dipole array antenna. Their figure 2-2 reveal these lobes however mainly present for the co-polar (Y-pol) cut which is some 10 dB in magnitude below their X-pol. [1] suspected thereby measurement resolutions needs to be very high and thus impacting negatively on testing times. No calculations were however presented which could support their suspicions. 
From our studies above it is assumed conventional sized UE:s (handsets etc.) not to have larger antenna arrays than 8x1 elements per group, if equipped with several arrays. Hence the beam width will not be any narrower than about 20°. 
The simulations above indicates that a step size of 10° would be sufficient to obtain accurate enough TRP figures regardless of antenna types and array configurations for up to 8 elements and also by considering typical lobe beam widths 10° would be sufficient.
Also for spurious emission measurements a 10° step size ought to be sufficient since a decent accuracy of less than 1 dB of deviation from the 1° resolution value can be considered a good enough compromise.
Reference
[1]	R4-1701072, RAN 4#82, Samsung, Considerations on TRP testing at above 6GHz.
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