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Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]This contribution is a text proposal to TP38.810 [1] to define the Quality of the Quiet Zone Characterization procedure for Frequency Range 2 (FR2). A respective discussion paper was presented in [2] and considered the baseline [3]. 
Discussions and meeting agreements from [4, 5] regarding the inclusion of positioning equipment have been incorporated as well as the directivity MU element from [6].  
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Annex D:
Quality of the Quiet Zone Validation 
This annex describes the procedures for validating the quality of the quiet zone for the baseline measurement system, Section 5.2.1 and the simplified baseline setup for centre of beam measurements, Section 5.2.2.
[bookmark: _Toc492658738]D.1	Procedure to Characterize the Quality of the Quiet Zone for the Baseline System
This procedure is mandatory before the test system is commissioned for certification tests and characterizes the quiet zone performance of the anechoic chamber, specifically the effect of reflections within the anechoic chamber including any positioners and support structures. Additionally, it includes the effect of offsetting the directive antenna array inside a DUT from the centre of the quiet zone, i.e., the centre of rotation of the DUT and measurement antenna positioning systems as well as the directivity MU, i.e., the variation of antenna gains in the different direct line-of-sight links.
The quiet zone is illustrated in Figure D.1-1 which includes the definitions of centre of quiet zone range, i.e., the geometric centre of the positioning systems, and the range length, i.e., the distance between the centre of the quiet zone and the aperture of the measurement antenna. 
[image: ]
Figure D.1-1: Quiet Zone Illustration

The outcome of the procedures can be used to predict the 
· variation of the TRP/TRS measurements, spherical surface integrals of EIRP/EIS, when the DUT is placed anywhere within the quiet zone and with the beam formed in any arbitrary direction inside the chamber
· variation of the EIRP/EIS measurements when the DUT is placed anywhere within the quiet zone and with the beam formed in any arbitrary direction inside the chamber
The reference coordinate system defined in Appendix C applies to this procedure. 
[bookmark: _Toc492658739]D.1.1	Equipment Used 
The reference antenna under test (AUT) that is placed at various locations within the quiet zone shall be a directive antenna with similar properties of typical antenna arrays integrated in DUTs. The properties of the reference AUT are TBD. 
For the measurement, a combination of signal generator and spectrum analyser or a network analyser can be used. The multi-port (with three ports) network analyser is most suitable to reduce test time as both polarizations of the measurement antenna can be measured simultaneously and multiple frequencies can be measured in a sweep. 
D.1.2	Test frequencies
The frequencies to be used to characterize the quality of the quiet zone are TBD. The quiet zone validation analysis is performed for each frequency individually. 
D.1.3	Reference Measurements
The quality of the quiet measurements for integrated RF parameters such as TRP and TRS shall use 3D pattern measurements of the reference antenna patterns as they most closely resemble the 3D/spherical surface measurements/integrals of EIRP or EIS. Therefore, the quality of the quiet zone measurements for TRP and TRS metrics shall be based on efficiency measurements. On the other hand, the quality of the quiet zone measurements for single-directional EIRP and EIS metrics shall be based on gain measurements of the direct line-of-sight link between the reference AUT and the measurement antenna. 
D.1.4	Size of the Quiet Zone
The size of the quiet zone within which the variations of measurements are evaluated depends on the size of the DUT. For smartphones, the quiet zone shall be considered a sphere with radius of R=7.5cm. Alternate quiet zone sizes can be defined for larger DUTs. 
D.1.5	Minimum Range Length
The minimum range length depends on the size of the DUT and the minimum far-field distance of typical antenna arrays integrated in DUTs. The minimum range length is TBD. 
D.1.6	Reference AUT Positions
The reference AUT shall be positioned in a total of 7 different reference positions, shown in Figure D.1.6-1. 
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Figure D.1.6-1: Reference AUT Measurement Positions
While position 1, P1, is the centre of the quiet zone, the remaining positions, 2 through 7, are off-centre positions each displaced by the radius of the quiet zone, R. The coordinates of the respective test points are shown in Table D.1.6-1. 
Table D.1.6-1: Reference AUT Measurement Coordinates
	Position
	x
	y
	z

	P1
	0
	0
	0

	P2
	R
	0
	0

	P3
	-R
	0
	0

	P4
	0
	R
	0

	P5
	0
	-R
	0

	P6
	0
	0
	R

	P7
	0
	0
	-R



D.1.7	Reference AUT Orientations
As different areas within the chamber could yield variations in the field uniformity inside the quiet zone caused by reflections, it is important to characterize the electromagnetic fields with the reference antennas uniformly illuminating the anechoic chamber. In order to keep the quality of the quiet zone characterization manageable in terms of test times, it is suggested to perform the reference measurements for the reference AUT placed at the 7 antenna positions with the antenna oriented in 5 different pitch orientations (elevation), i.e., Θ = -90o, -45o, 90o, 45o, and 90o and 8 different roll orientations (azimuth) Φ = 0o, 45o, 90 o, 135 o, 180o, 225o, 270o, and 315o. A graphical illustration of the 26 different reference AUT orientations is shown in Figure D.1.7-1 with a reference AUT placed at position 6, P6. 
[image: ]
Figure D.1.7-1: Sample reference AUT orientations for position 6, P6. 
When facing the poles, Θ = 90o and Θ = -90o, the antenna does not need to be evaluated for the 8 different roll orientations. A single roll orientation is sufficient since those orientations are unique. Some system types, e.g., distributed-axes systems, are not able to measure towards the Θ =90o direction due to the turntable; for those systems, the reference measurements at this reference AUT orientation can be skipped. 
D.1.8	Reference AUT Polarizations
It is important to evaluate the coupling of both principal field components, θ and φ, radiated by the reference AUT with the measurement antenna. The traditional and most thorough approach is to measure the polarizations, PolMeas = θ and φ separately by placing the reference AUT at the orthogonal orientations as shown in Figure D1.8-1. 
[image: ]
Figure D.1.8-1: Reference AUT Polarizations measured separately with two orthogonal AUT orientations. 



D.1.9	Quality of Quiet Zone Measurement Uncertainty Calculations for TRP/TRS
The combined MU element related to the quality of the quiet zone for TRP/TRS and offset between UE antenna array and centre of quiet zone is the standard deviation of the various efficiency measurement results that are based on the 7 different reference AUT positions, the 26 different reference AUT orientations (pitch and roll), and the two different reference AUT polarization orientations (yaw) which could be reduced with alternate configurations. 
D.1.10	Quality of Quiet Zone Measurement Uncertainty for EIRP/EIS
The MU for the quality of the quiet zone for EIRP/EIS includes the additional MU element of the directivity of the DUT and measurement antennas as shown in Figure D.1.10-1. The EIRP/EIS measurements are taking the peak gains of the respective antennas into account with the reference AUT placed in the centre of the quiet zone. Once the antenna is displaced in directions other than the measurement antenna, the direct line-of-sight link is taking reduced antenna gains into account. The type of reference AUT should therefore have similar pattern properties as typical UE antennas. For systems with very large range lengths, the directivity MU will be insignificant. 
The combined MU element related to the quality of the quiet zone for EIRP/EIS, offset between UE antenna array and centre of quiet zone, and directivity is the standard deviation of the single-point gain measurement results that are based on the 7 different reference AUT positions, the 26 different reference AUT orientations (pitch and roll), and the two different reference AUT polarization orientations (yaw) which could be reduced with alternate configurations.[image: ]
Figure D.1.10-1: Illustration of the Directivity MU Element. 
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