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Introduction
This contribution is introducing draft text for the Spurious Emissions Quality of Quiet Zone (QoQZ) procedure.
Discussion
Spurious emissions testing aspects have been discussed in various meetings [1]-[9]. Following the agreement of the re-positioning approach in the last RAN5#83 meeting [1] and agreements captured in the WF from AH#4 in early 2019, the quality of QoQZ procedure can be drafted which is the objective of this meeting. During the preparation of this contribution, it was realized that the min. number of TRP grid points for the most directive reference AUT antenna pattern has not been determined. This is addressed in [10].
Observation 1: Most conclusions were made to draft the spurious emissions Quality of Quiet Zone Procedure
The in-band QoQZ procedure is currently only defined in the RAN4 NR Testability SI TR [11]. As all of the work related to the Spurious Emissions test case and QoQZ testability was limited to RAN5, the procedure should be included in a specification that RAN5 is responsible for, e.g., TS 38.508-1 [12] or TS 38.521-2 [13]. A recommendation from the group is needed where to add the spurious emissions QoQZ.
Observation 2: A recommendation from the group is needed in which spec to add the spurious emissions QoQZ procedure.
The next section is providing draft text for the validation procedure which is closely aligned with the in-band procedure [10].

Proposal: Include the below procedure in a RAN5 technical specification

[bookmark: _Toc13051414][bookmark: _Toc13051416]Annex X:
Spurious Emissions Quality of the quiet zone validation
[bookmark: _Toc13051415]X.1	General
This annex describes the procedures for validating the quality of the quiet zone, specifically for the spurious emissions test cases, for the permitted far-field methods outlined in Annex B.2.2 (DFF), B.2.3 (simplified DFF), and in B.2.4 (IFF based on CATR) in TS 38.508-1.

X.2	Procedure to characterize the spurious emissions quality of the quiet zone for the permitted far field methods
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.
The quiet zone is illustrated in Figure X.2-1 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 X.2-1: Quiet Zone Illustration
The outcome of the procedures can be used to predict the variation of the TRP measurements, spherical surface integrals of EIRP, 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 J of TS 38.101-2 applies to this procedure.
[bookmark: _Toc13051417]X.2.1	Equipment used
The reference antenna under test (AUT) that is placed at various locations within the quiet zone shall be a directive antenna with a half-power beam width (HPBW) of ≥ 20o in E-Plane and H-Plane. The HPBWs met based on antenna vendors’ calibration report or datasheet.
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.
[bookmark: _Toc13051418]X.2.2	Test frequencies
Editor Note: Another test frequency of [TBD] GHz will be added as soon as FR2 bands >40GHz are introduced.
The frequencies to characterize the quality of the quiet zone shall be [6], [12.75], 23.45, 40.8, 66, and 80GHz. The quiet zone validation analysis is performed for each frequency individually.
The measurements from the 23.45 and 40.8GHz in-band QoQZ validation can be re-used provided that the reference antenna position and orientation as well as the measurement frequency and measurement antenna are identical in both cases.
[bookmark: _Toc13051419]X.2.3	Reference measurements
The spurious emissions quality of the quiet zone measurements shall use 3D pattern measurements of the reference antenna patterns as they most closely resemble the 3D/spherical surface measurements/integrals of EIRP. Therefore, the quality of the quiet zone measurements for TRP metrics shall be based on efficiency measurements. 
The grid types for the TRP measurements shall meet the 0.25 dB maximum standard uncertainty. The min number of grid points for the two grid types are:
· [192] grid points for the constant step-size measurement grids
· [100] grid points for the constant density measurement grids (charged particle implementation)
[bookmark: _Toc13051420]X.2.4	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. For larger smartphones and tablet type devices, the quiet zone shall be considered a sphere with radius of R=15cm. Alternate quiet zone sizes can be defined for even larger DUTs.
The quality of quiet zone procedure for systems supporting larger quiet zone sizes can be performed for the largest quiet zone radius only and the results can be applied to the smaller quiet zone radius. Performing separate sets of quality of quiet zone measurements for different radii is not precluded.
[bookmark: _Toc13051421]X.2.5	Minimum range length
The minimum range length depends on the size of the DUT/quiet zone, the minimum far-field distance at the in-band operating frequency, and the test frequency.
[bookmark: _Toc13051422]X.2.6	Reference AUT positions
The reference AUT shall be positioned in a total of 7 different reference positions, shown in Figure X.2.6.1-1 and X.2.6.2-1
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 X.2.6-1.
Table X.2.6-1: 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



[bookmark: _Toc13051423]X.2.6.1	Distributed-axes system
The reference AUT shall be positioned in a total of 7 different reference positions, shown in Figure X.2.66.1-1 for distributed-axes systems.
[image: ]
Figure X.2.6.1-1: Reference AUT Measurement Positions for distributed-axes system
The reference AUT positions inside a typical distributed-axes system are shown in Figure X.2.6.1-2.
[image: ]
Figure X.2.6.1-2: Reference AUT Measurement Positions for distributed-axes system
[bookmark: _Toc13051424]X.2.6.2	Combined-axes system
The reference AUT shall be positioned in a total of 7 different reference positions, shown in Figure X.2.6.2-1 for combined-axes systems. 
[image: ]
Figure X.2.6.2-1: Reference AUT Measurement Positions for combined-axes system
The reference AUT positions inside a typical combined-axes system are shown in Figure X.2.6.2-2.

Figure X.2.6.2-2: Reference AUT Measurement Positions for combined-axes system
[bookmark: _Toc13051425]X.2.7	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. However, in order to keep the spurious emissions quality of the quiet zone characterization manageable in terms of test times, the number of orientations for the spurious emissions quality of quiet zone validation is more limited when compared to the number of orientations for the in-band quality of quiet zone validation.
[bookmark: _Toc13051426]X.2.7.1	Distributed-axes system
The reference measurements for the reference AUT placed at the 7 antenna positions shall be rotated around the y axis with 2 different angles , i.e.,  = 0o and 180o and fixed  = 0o. A graphical illustration of the reference AUT orientations is shown in Figure X.2.7.1-1 with a reference AUT placed at position 6, P6, for reference antenna polarization pol = 0o; Figure X.2.7.1-2 illustrates the reference AUT orientations for the reference polarization pol = 90o.
The matrix operation for the rotations and translation is defined as

	
for the distributed-axes system. The matrices are defined in Annex J.2 of TS 38.101-2.
[image: ][image: ]
Figure X.2.7.1-1: Reference AUT orientations for position 6, P6 for reference antenna 
polarization pol = 0o.
[image: ][image: ]
Figure X.2.7.1-2: Reference AUT orientations for position 6, P6, for reference antenna 
polarization pol = 90o.
If the device re-positioning approach is adopted for the spurious emissions test cases, i.e., two hemispheres are measured separately which involves the DUT, while connected to the gNB emulator, to be rotated by 180o around its axis halfway through the test, the quality of quiet zone analysis is sufficient only for  = 0o.
[bookmark: _Toc13051427]X.2.7.2	Combined-axes system
The reference measurements for the reference AUT placed at the 7 antenna positions shall be rotated around the x axis with 2 different angles , i.e.,  = 0o and 180o and fixed  = 0o. A graphical illustration of the sample reference AUT orientations is shown in Figure X.2.7.2-1 with a reference AUT placed at position 4, P4, for reference antenna polarization pol = 0o; Figure X.2.7.2-2 illustrates the reference AUT orientations for the reference polarization pol = 90o.
The matrix operation for the rotations and translation is defined as

	
for the combined-axes system. The matrices are defined in Annex J.2 of TS 38.101-2.
[image: ]
Figure X.2.7.2-1: Reference AUT orientations for position 4, P4, for reference antenna 
polarization pol = 0o.
[image: ]
Figure X.2.7.2-2: Reference AUT orientations for position 4, P4, for reference antenna 
polarization pol = 90o.
If the device re-positioning approach is adopted for the spurious emissions test cases, i.e., two hemispheres are measured separately which involves the DUT, while connected to the gNB emulator, to be rotated by 180o around its axis halfway through the test, the quality of quiet zone analysis is sufficient only for  = 0o.
[bookmark: _Toc13051428]X.2.8	Quality of quiet zone measurement uncertainty calculations for TRP
The combined MU element related to the quality of the quiet zone for TRP 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 respective reference AUT orientations, and the two reference AUT polarization orientations.
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