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Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]The measurement uncertainty associated to the interaction of the device under test with the OTA environment consisting of positioner, two LTE anchor antennas, one mm-wave link antenna and the anechoic chamber is represented by the contributor quality of quiet zone. In this paper, measurement results for the quality of quiet zone of an indirect far field (IFF) system are provided.
Discussion
The measurements have been performed with a Rohde & Schwarz CATR chamber equipped with a combined axis positioning system and a rolled-edge reflector with dimensions of 42 cm x 43 cm designed for a quiet zone size of 15 cm. Three additional antennas for LTE anchor and mm-wave links are present in the anechoic chamber throughout all measurements. The transmission is measured with a Rohde & Schwarz ZVA67 vector network analyzer with a measurement bandwidth of 100 Hz. 
The reference antenna applied for the quality of quiet zone measurements fulfills the masks for directivity and half power beam width defined by RAN4 in TR 38.810 [1]. Both the CATR feed antenna and the reference antenna support the full frequency range from 22 GHz to 45 GHz and thus cover the range required for measurements at the RAN5 agreed frequencies (for band agnostic approach) of 23.45 GHz, 32.125 GHz, and 40.8 GHz [2].
[bookmark: _GoBack]The grid for the TRP measurements is a constant step size grid with an azimuth and elevation step size of 10 degrees. For TRP the Jacobian integration method has been applied.
In a first full measurement set (all positions and angles),  reference antenna orientations parallel to the fixture plate of the positioner have been identified to have the largest error contribution to the quality of quiet zone. Therefore, subsequent measurements have been carried out with optimized fixtures not requiring a mounting plate with a reduced set of positions and rotations setting β = 0° (P1,P2,P6,P7) and β = 90° (P1,P2), where γ = 0°. Here, the fact that P2, P3, P4, and P5 are rotationally symmetric has been used to reduce the number of measurement points. 
It is noted that the measured results also include effects of finite cross-polarization discrimination of both the feed and reference antennas as well as the impact of direct coupling of these antennas. Therefore, these contributions should not be counted twice in the measurement uncertainty tables. 
Observation 1: The quality of quiet zone for IFF includes the MU contributors B.2.2.10 Influence of XPD and B.2.2.12 RF leakage (from measurement antenna to receiver/transmitter) of TR 38.903 [3]. 
Proposal 1: Ensure that the MU contributors B2.2.10 Influence of XPD and B.2.2.12 RF leakage are not counted twice in the MU spread sheets of TR 38.903 [3]. 
Table 1 summarizes the results for a spherical quiet zone with a diameter of 15 cm for TRP and Table 2 for EIRP.
Table 1: TRP Standard deviation and mean of the deviation referred to P1 for 15 cm QoQZ.
	Frequency (GHz)
	standard deviation (dB)
	mean of the deviations referred to P1 (dB)
	sum of standard deviation and mean (dB)

	23.45
	0.19
	0.31
	0.51

	32.125
	0.35
	0.52
	0.87

	40.8
	0.49
	0.57
	1.06



Table 2: EIRP Standard deviation and mean of the deviation referred to P1 for 15 cm QoQZ.
	Frequency (GHz)
	standard deviation (dB)
	mean of the deviations referred to P1 (dB)
	sum of standard deviation and mean (dB)

	23.45
	0.38
	0.30
	0.68

	32.125
	0.44
	0.59
	1.03

	40.8
	0.63
	1.02
	1.65



As for TRP the maximum uncertainties in the two frequency ranges from 23.45 GHz to 32.125 GHz and from 32.125 GHz to 40.8 GHz are quite similar we propose the same value for both ranges.
Proposal 2: For the sum of mean and standard deviation of the quality of quiet zone MU contributor for TRP and a quiet zone size of 15 cm use a value of 1 dB for 23.45 GHz to 40.8 GHz. 
Proposal 3: For the sum of mean and standard deviation of the quality of quiet zone MU contributor for EIRP and a quiet zone size of 15 cm use a value of 1 dB for 23.45 GHz to 32.125 GHz and 1.6 dB for 32.125 GHz to 40.8 GHz. 
In additions to the positions analyzed above a position P8, equivalent to P2 but with a distance of 15 cm from the center of the quiet zone, is included in the following analysis for a quiet zone size of 30 cm. 
Table 3 and Table 4 sum up the quality of quiet zone results for TRP and EIRP for a quiet zone size of 30 cm, respectively. 


Table 3: TRP Standard deviation and mean of the deviation referred to P1 for 30 cm QoQZ.
	Frequency (GHz)
	standard deviation (dB)
	mean of the deviations referred to P1 (dB)
	sum of standard deviation and mean (dB)

	23.45
	0.45
	0.48
	0.92

	32.125
	0.73
	0.79
	1.52

	40.8
	0.74
	0.82
	1.56



Table 4: EIRP Standard deviation and mean of the deviation referred to P1 for 30 cm QoQZ.
	Frequency (GHz)
	standard deviation (dB)
	mean of the deviations referred to P1 (dB)
	sum of standard deviation and mean (dB)

	23.45
	0.43
	0.39
	0.82

	32.125
	0.67
	0.81
	1.48

	40.8
	0.74
	1.24
	1.99



Observation 2: Although designed for a 15 cm quiet zone, the reflector may be used for a 30 cm quiet zone when slightly larger quality of quiet zone MUs are allowed resulting in smaller system footprints.
Proposal 4: For the sum of mean and standard deviation of the quality of quiet zone contribution for a quality of quiet zone size of 30 cm use a value of 1.5 dB for TRP for 23.45 GHz to 40.8 GHz. 
Proposal 5: For the sum of mean and standard deviation of the quality of quiet zone MU contributor for EIRP and a quiet zone size of 30 cm use a value of 1.5 dB for 23.45 GHz to 32.125 GHz and 2dB for 32.125 GHz to 40.8 GHz. 
	Conclusion
In summary, the quality of the quiet zone for an IFF system has been presented.
Observation 1: The quality of quiet zone for IFF includes the MU contributors B.2.2.10 Influence of XPD and B.2.2.12 RF leakage (from measurement antenna to receiver/transmitter). 
Proposal 1: Ensure that the MU contributors B2.2.10 Influence of XPD and B.2.2.12 RF leakage are not counted twice in the MU spread sheets of TR 38.903. 
Proposal 2: For the sum of mean and standard deviation of the quality of quiet zone MU contributor for TRP and a quiet zone size of 15 cm use a value of 1 dB for 23.45 GHz to 40.8 GHz. 
Proposal 3: For the sum of mean and standard deviation of the quality of quiet zone MU contributor for EIRP and a quiet zone size of 15 cm use a value of 1 dB for 23.45 GHz to 32.125 GHz and 1.6 dB for 32.125 GHz to 40.8 GHz. 
Observation 2: Although designed for a 15 cm quiet zone, the reflector may be used for a 30 cm quiet zone when slightly larger quality of quiet zone MUs are allowed resulting in smaller system footprints.
Proposal 4: For the sum of mean and standard deviation of the quality of quiet zone contribution for a quality of quiet zone size of 30 cm use a value of 1.5 dB for TRP for 23.45 GHz to 40.8 GHz. 
Proposal 5: For the sum of mean and standard deviation of the quality of quiet zone MU contributor for EIRP and a quiet zone size of 30 cm use a value of 1.5 dB for 23.45 GHz to 32.125 GHz and 2dB for 32.125 GHz to 40.8 GHz. 
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