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Introduction
This contribution is presenting Quality of Quiet Zone measurement results performed in an Indirect Far-Field (IFF) system. 
Measurement Setup

The Indirect Far-Field (IFF) system used for the measurements is a commercial Keysight Compact Antenna Test Range (CATR) with Roll-Over-Azimuth positioning system, i.e., combined-axis system, and rolled-edge reflector which supports a quiet zone of ~30cm. 
The procedure outlined in Clause D.2 of [1] for the combined-axis system was followed in this document. For each of the 7 reference positions, a total of 7 different pitch orientations of Θ = 0o, 45o, 90o, 135o, 225o, 270o, and 315o (Θ = 180o was skipped as permitted in [1]) for 3 different yaw orientations of ψ = -45o, 0o, 45o in addition to single measurements toward  = -90o and 90o were evaluated. Only a single roll of the reference AUT, i.e., polarization, was evaluated since the combined axes system made sure that the single orientation of the reference AUT uniformly illuminated a variety of linear polarization states inside the chamber [2]. In total, 161 EIRP and 3D TRP scans were performed for each frequency, sufficient to be statistically significant and to accurately estimate the quality of quiet zone MU.  
The evaluation was performed for a quiet zone size of 15cm as outlined in Figure 1.
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Figure 1: Illustration of reference points and quiet zone for IFF

The TRP measurements were using a very fine measurement grid, i.e., every 0.5o in  (swept measurement mode) and every 5o in  (stepped measurement mode).

The test equipment used was a Keysight PNA-X (model N5247A) and the measurements were performed with an IF bandwidth of 500Hz. 
The reference AUT supported a frequency range of 24 - 40GHz and met the directivity and HPBW masks defined in D.2.1 of [1] while the feed horn supported a frequency range of 24 – 42GHz. Therefore, neither antenna supported the the minimum frequency of FR2A, 22.65GHz, or the maximum frequency of FR2B, 45.1GHz [3]. It should furthermore be pointed out that the maximum frequency of FR2B was determined based on an FR2 band not defined in [4]. Since high-performance feed antennas with this frequency range are currently not commercially available, it is suggested to accept quality of quiet zone proposals for measurements performed at the minimum and maximum frequencies of the approved operating FR2 bands [4] instead, i.e., at 24.25GHz (minimum frequency of n258) and 40GHz (maximum frequency of n260). 
Proposal 1: Accept quality of QZ proposals for FR2A and FR2B based on measurements at frequencies of 24.25 and 31.1GHz (for FR2A) and at frequencies of 31.1GHz and 40GHz (for FR2B) 
EIRP and TRP measurements were performed at those three proposed frequencies, i.e., 24.25, 31.1, and 40GHz while additional EIRP measurements were performed at 22.65 and 45.1GHz to demonstrate the degradation in standard deviation due to the poor reference AUT and feed antenna performance.  

The test fixture to place the reference AUT in the different reference positions and orientations was machined with modular parts and illustrated in Figure 2 using snapshots of the 3D CAD drawings. Absorbers were used in various locations to minimize reflections. 
Two FR1 link antennas were placed in the corner of the chamber to simulate realistic conditions of components necessary during conformance testing that could degrade the quality of the quiet zone. 
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Figure 2: Screenshots of the test fixture with the reference AUT mounted in various reference AUT positions and orientations

Measurement Results
The histogram of the measured EIRP values, the resulting normal distribution, as well as the standard deviations are shown in Figure 3.
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Figure 3: Histogram and Normal Distribution for the measured EIRP values
The standard deviation increases for the frequencies outside the operating range of the antennas.
Observation 1: The standard deviation for the frequencies outside the operating range of the feed horn and the reference AUT are higher than those for the operating frequencies, especially at the high end. 

The histogram of the measured TRP values, the resulting normal distribution, as well as the standard deviations for the three frequencies are shown in Figure 4.  
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Figure 4: Histogram and Normal Distribution for the measured TRP values
The results for the standard deviations are summarized in Table 1 for EIRP and TRP.

Table 1: Standard Deviations for EIRP and TRP

	Frequency [GHz]
	Standard Deviation [dB]

	
	EIRP
	TRP

	22.65
	0.73
	N/A

	24.25
	0.61
	0.67

	31.1
	0.67
	0.75

	40
	0.75
	0.83

	45.1
	1.40
	N/A


Observation 2: The results show that the quality of QZ performance is better for lower frequencies

Observation 3: The difference in standard deviation between the EIRP results and the TRP results is very small (within 0.1dB).
It was observed that most of the standard deviation contribution resulted from the reference AUT antenna orientations towards the pedestal of the 2-axis positioner, i.e., pitch  = 135o and 225o and thus the reflections from the pedestal. A sample orientation with large offset from the mean results is shown in Figure 2 (bottom right). As outlined in Annex D.2.7.2 of [1], the orientation with the reference antenna facing the pedestal directly, i.e., pitch  = 180o, can be skipped entirely.
As outlined in [5], the common positioning systems, i.e., distributed-axes and combined-axes system, have measurement directions where measurements are not feasible or where the near-field coupling effects between the antenna and the pedestals/positioners/fixtures can cause increased signal ripples. Those directions are highlighted in red in Figure 5 for the distributed-axes system on the left for the combined-axes system on the right. 
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Figure 5: Measurement directions highlighted in red that yield increased signal ripples due to near-field coupling effects between antennas and the pedestals for the distributed-axes system (left) and for the combined-axes system (right).

If the DUT can be re-positioned to prevent measurement directions towards areas that likely cause increased signal ripples, the quality of the quiet zone could be improved significantly. The measurement directions (hemispheres) with optimized quality of quiet zone performance and the proposed re-positioning, i.e., rotating the DUT/AUT around an axis perpendicular to the turntable axis by 180o for the distributed-axes system, as illustrated in Figure 6, and rotating the DUT/AUT around the turntable axis for the combined-axes system, as illustrated in Figure 7. It should be noted that this approach is suitable only for DUTs with active antenna systems that beamform towards the DL direction. 
[image: image15.emf]Distributed-Axes System:

DUT Orientation 1

Distributed-Axes System:

DUT Orientation 2

Top

Bot Top

Bot


Figure 6: Proposed DUT re-positioning for distributed-axes system
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Figure 7: Proposed DUT re-positioning for combined axes system
Essentially, this re-positioning procedure makes sure that for EIRP/EIS/TRP measurements the pedestal is not obstructing the beam path and that the pedestal is never in closer proximity to the measurement antenna/reflector than the DUT/AUT. It also requires the EIRP integration over two sets of hemispherical measurements for TRP.
Proposal 2: Allow the DUT and the reference AUT to be re-positioned during the conformance tests and quality of quiet zone tests, respectively. 
This approach was subsequently applied to the IFF quality of quiet zone measurements by taking only reference AUT orientations into account with boresight radiation directions in the hemisphere opposite the pedestal, highlighted in yellow in Figure 7. Effectively, this approach reduced the orientations to the following set: a total of 5 different pitch orientations of Θ = 0o, 45o, 90o, 270o, and 315o for 3 different yaw orientations of ψ = -45o, 0o, 45o in addition to single measurements toward  = -90o and 90o. In total, the number of 161 EIRP and 3D TRP scans per frequency stayed the same but in post processing the TRP datasets were combined and reduced to 119, still sufficient to be statistically significant and to accurately estimate the quality of quiet zone MU.  The standard deviations for EIRP and TRP are tabulated in Table 2. When comparing Table 1 and Table 2, significant improvement in quality of quiet zone performance can be noticed. 
Table 2: Standard Deviations for EIRP and TRP with DUT re-positioning allowance
	Frequency [GHz]
	Standard Deviation [dB]

	
	EIRP
	TRP

	24.25
	0.29
	0.29

	31.1
	0.34
	0.29

	40
	0.32
	0.29


Observation 4: The quality of quiet zone MU can be improved significantly by allowing the device to be re-positioned so that EIRP measurements are only performed with the forward hemisphere scans and TRP calculations with post-process stitching of appropriate front-and back hemispheres.
Another brief experiment was conducted to study the impact of increasing the quiet zone size from 15cm to 30cm since the reflector supports the larger quiet zone size. Here, another reference position, P8, displaced by 15cm from the centre of the quiet zone in the z direction (towards the reflector), was added, as shown schematically in Figure 8. It should be noted that this reference position includes various antenna orientations that require the boresight directions to face the reflector with the antenna placed near the edge of the quiet zone in +x and -x as illustrated with a sample setup and measurement position in Figure 9.
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Figure 8: Reference AUT positions for 15cm and 30cm QZ performance
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Figure 9: Illustration of the reference AUT initial setup position (left) and the measurement position for EIRP as viewed from the reflector (right)

A statistical analysis with similar reference position pairs: P1&P6 (15cm quiet zone) and P1&P8 (30cm quiet zone) was performed and summarized in Table 3 without any re-positioning optimization applied. Generally, no degradation in performance between the 15cm and the 30cm performance can be observed for this subset of quality of quiet zone tests. 
Table 3: Standard Deviations for EIRP and TRP and similar reference position pairs: P1&P6 (15cm quiet zone) and P1&P8 (30cm quiet zone)
	Frequency [GHz]
	Standard Deviation [dB]

	
	P1&P6 (15cm QZ)
	P1&P8 (30cm QZ)

	
	EIRP
	TRP
	EIRP
	TRP

	24.25
	0.37
	0.43 
	0.40
	0.36 

	31.1
	0.57
	0.43
	0.63
	0.33

	40
	0.48
	0.40
	0.48
	0.29


Improvements in the fixture design and materials are likely going to improve the quality of quiet zone performance further. Based on the current data and additional experiments performed, it is proposed to define the quality of quiet zone MU (FR2A and FR2B) for the IFF with 15cm and 30cm quiet zone to 1dB for EIRP/EIS and TRP without re-positioning allowance and to 0.5dB for EIRP/EIS and TRP with the proposed re-positioning allowance. 
Proposal 3: Define the quality of quiet zone MU for the IFF with 15cm and 30cm quiet zone to 1dB for EIRP/EIS and TRP without re-positioning allowance and to 0.5dB for EIRP/EIS and TRP with the proposed re-positioning allowance for FR2A and FR2B. 

Conclusion
The following observations and proposals were made in this contribution
Proposal 1: Accept quality of QZ proposals for FR2A and FR2B based on measurements at frequencies of 24.25 and 31.1GHz (for FR2A) and at frequencies of 31.1GHz and 40GHz (for FR2B) 
Observation 1: The standard deviation for the frequencies outside the operating range of the feed horn and the reference AUT are higher than those for the operating frequencies, especially at the high end. 

Observation 2: The results show that the quality of QZ performance is better for lower frequencies

Observation 3: The difference in standard deviation between the EIRP results and the TRP results is very small (within 0.1dB).

Proposal 2: Allow the DUT and the reference AUT to be re-positioned during the conformance tests and quality of quiet zone tests, respectively. 

Observation 4: The quality of quiet zone MU can be improved significantly by allowing the device to be re-positioned so that EIRP measurements are only performed with the forward hemisphere scans and TRP calculations with post-process stitching of appropriate front-and back hemispheres.
Proposal 3: Define the quality of quiet zone MU for the IFF with 15cm and 30cm quiet zone to 1dB for EIRP/EIS and TRP without re-positioning allowance and to 0.5dB for EIRP/EIS and TRP with the proposed re-positioning allowance for FR2A and FR2B. 
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