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Background
The FR2 testability TR [1] outlines an extensive quality of quiet zone procedure to qualify and quantify the effect of the anechoic chamber including antennas, positioning equipment, support structures, etc., on the EIRP/EIS and TRP metrics. 
This contribution is proposing an abbreviated procedure for spurious emissions testing for the FR2 range and beyond, i.e., up to the 2nd harmonic of the upper frequency edge of the UL operating band.
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. 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 agreed in [2], contrary to the quality of the quiet zone measurements for in-band measurements, no reference antenna requirements are needed, i.e., directivity and HPBW masks. 
Discussion
The frequencies to be used to characterize the quality of the quiet zone for spurious testing shall be limited to 6 frequencies as tabulated in Table 1 in order to have full frequency coverage while limiting the test time. The frequency of 66GHz is related to the spurious emission band UE co-existence frequency. The MU for the QoQZ Element for Spurious Emissions testing is the maximum value at the respective minimum and maximum frequencies at the five different frequency ranges, FR2SE_A, FR2SE_B, FR2SE_C, FR2SE_D, and FR2SE_E. Once an FR2 band beyond 40 GHz is introduced, another range, FR2SE_F, with test frequency of [TBD] will have to be added.
The test frequencies of 23.45 and 40.8 GHz for the spurious emissions QoQZ evaluation match the test frequencies of the in-band QoQZ evaluation from [1] which will allow the re-use of in-band QoQZ measurement data (subset) 



[bookmark: _Ref528756822]Table 1: List of QoQZ frequencies for spurious emissions testing
	[bookmark: _Hlk534808537]QoQZ Test Frequency Range Designator
	Test Frequency [GHz]

	FR2SE_A
	[6]1

	
	[12.75]1

	FR2SE_B
	

	
	23.45

	FR2SE_C
	

	
	40.8

	FR2SE_D
	

	
	66

	FR2SE_E
	

	
	80

	Note 1: Testability issue for 6GHz ~ [12.75GHz] is identified. How to treat this frequency range is TBD.



[bookmark: _Ref535251525]Proposal 1: Perform the QoQZ evaluation for Spurious Emissions tests at [6], [12.75], 23.45, 40.8, 66, and 80 GHz. The MU element for the respective frequency range is the maximum value evaluated at the minimum and maximum frequencies. 
[bookmark: _Ref535251533]Proposal 2: Once an FR2 band beyond 40 GHz is introduced, a new range and test frequency of [TBD] will have to be added.
The quality of the quiet zone measurements for TRP, the metric used of spurious emissions testing, shall use 3D pattern measurements of the reference antenna patterns as they most closely resemble the 3D/spherical surface measurements of EIRP. Therefore, the quality of the quiet zone measurements for TRP metrics shall be based on efficiency measurements. These efficiency measurements can be performed either with wide-band rotary joints or with the feed cable connected directly to the reference antenna. Due to the directive nature of the reference antenna, the moving cable should have a negligible impact. 
[bookmark: _Ref535251539]Proposal 3: Perform the QoQZ evaluation based on efficiency measurements of the reference antenna 
[bookmark: _Toc525637691]The size of the quiet zone within which the variations of measurements are evaluated depends on the size of the DUT. The quality of quiet zone measurements shall be performed for the same quiet zone sizes as for in band measurements.  
[bookmark: _Ref535251543]Proposal 4: Perform the QoQZ evaluation for spurious emissions for the same quiet zone sizes as for in band QoQZ evaluations 
Given the lack of agreement on limiting the min. measurement distance at frequencies beyond the maximum FR2 frequency supported by the UE in the last meeting, it is proposed to require the measurement distance to follow the 2D2/ minimum measurement distance to satisfy the far-field condition. Here, D matches the radiating aperture of the antenna array for the in-band measurements and  corresponds to the smallest wavelength of operation. 
[bookmark: _Ref535251554]Proposal 5: The minimum measurement distance needs to satisfy the far-field condition, 2D2/ where the antenna aperture, D, matches the radiating aperture for the in-band measurements. 
The reference AUT shall be positioned in a total of 7 different reference positions tabulated in Table 2. 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. 
[bookmark: _Ref528759085]Table 2: 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: _Ref535251562][bookmark: _GoBack]Proposal 6: Perform the QoQZ evaluation for spurious emissions at the same 7 reference positions as for in band testing.  
The reference AUT shall be positioned in a total of 7 different reference positions, shown in Figure 1 for the distributed-axes system and in Figure 2 for the combined-axes system. 
[image: ]
[bookmark: _Ref528783150]Figure 1: Reference AUT Measurement Positions for distributed-axes system
[image: ]
[bookmark: _Ref528783162]Figure 2: Reference AUT Measurement Positions for combined-axes system
In order to simplify the procedure and to limit the testing time, it is proposed not to rotate the reference AUT around different axes in order to illuminate the anechoic chamber uniformly. Instead, it is proposed to perform the quality of quiet zone evaluation for one fixed and optimized reference AUT orientation but the two principal polarizations. This approach is assuming the repositioning approach, i.e., the beam peak direction is not obstructed by the pedestal and the pedestal is in the measurement path only when measuring the back-hemisphere. Compared to in-band TRP measurements with the beam steered in the beam peak direction determined previously by the beam peak search, the beam peak of the spurious emission pattern is not known a priori. In order to minimize the measurement uncertainty of this low PSD test case, it is proposed to base the QoQZ procedure of spurious emissions on the re-positioning approach as well. This either requires a coarse scan/peak search to determine the beam peak direction of the spur or for the TRP measurements performed by DUT repositioning and measuring a hemisphere twice. 
[bookmark: _Ref535266902]Proposal 7: Base the QoQZ evaluation for spurious emissions on the repositioning approach to minimize the MU for the low PSD test case
[bookmark: _Ref535266910]Proposal 8: The test procedure for the spurious emissions test case will require either a peak search of the beam peak direction of the spurious emission pattern or the DUT to be repositioned and a hemisphere to be measured twice. 
To justify this reduction of test points for the QoQZ evaluation for spurious emissions, the QoQZ results published in [3] were examined for various relaxations of reference AUT orientations and tabulated in Table 3. The TRP std. deviation for the 238 measurements was using the complete set of reference AUT angles (with re-positioning approach taken into account), while the TRP std. deviation for the 70 measurements was using only every 90o in reference AUT rotations. On the other hand, the std. deviation for the 14 measurements was using just a single antenna orientation at 7 different positions with two polarizations. The std. deviations for the most reduced set of measurements is matching the std. deviations for the full set of measurements well. 
[bookmark: _Ref531013812]Table 3: Analysis of TRP QoQZ std. deviations from [3] for different subsets of reference AUT orientations
	Frequency [GHz]
	TRP Standard Deviation [dB]
	Number of Measurements
	Angles  [o]
	Angles  [o]
	Angles Pol [o]

	23.45
	0.32
	238
	-90, -45, 0, 45, 90
	0, 45, 90, 270, 315
	0, 90

	
	0.38
	70
	-90, 0, 90
	0, 90, 270
	0, 90

	
	0.31
	14
	0
	0
	0, 90

	32.125
	0.44
	238
	-90, -45, 0, 45, 90
	0, 45, 90, 270, 315
	0, 90

	
	0.50
	70
	-90, 0, 90
	0, 90, 270
	0, 90

	
	0.50
	14
	0
	0
	0, 90

	40.8
	0.37
	238
	-90, -45, 0, 45, 90
	0, 45, 90, 270, 315
	0, 90

	
	0.44
	70
	-90, 0, 90
	0, 90, 270
	0, 90

	
	0.37
	14
	0
	0
	0, 90



[bookmark: _Ref535251568]Proposal 9: Perform the QoQZ evaluation for spurious emissions for just a single reference orientation but for two principal polarizations.  
For the distributed-axes system, the reference AUT shall be oriented in all reference positions, P1-P7, with the reference AUT pointing towards the x-axis with the two principal reference polarizations, as outlined in Figure 3. For the combined-axes system, the reference AUT shall be oriented in all reference positions, P1-P7, with the reference AUT pointing towards the z-axis with the two principal reference polarizations, as outlined in Figure 4. 

[image: ] [image: ]
[bookmark: _Ref528783735]Figure 3: Sample reference AUT orientations in a distributed-axes system for position 6, P6 for two principal reference antenna polarizations.
[image: ] [image: ]
[bookmark: _Ref528786801]Figure 4: Sample reference AUT orientations in a combined-axes system for position 4, P4 for two principal reference antenna polarizations.

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.
[bookmark: _Ref535251574]Proposal 10: The MU element of QoQZ evaluation for spurious emissions in the measurement stage and for the calibration stage is the standard deviation of the efficiencies evaluated at the 7 reference positions and the two principal polarizations.  
The measurement grid used for the QoQZ evaluation for spurious emissions should ideally match the measurement grid used for the spurious emissions test cases. However, since there is no requirement on the gain and pattern characteristics of the reference antenna and for them to be similar to the patterns of the spurs, different measurement grids could be used. In order to progress the development of the QoQZ procedure for spurious emissions, it is suggested to re-use the same measurement grid as the in-band TRP measurements. 
[bookmark: _Ref535251579]Proposal 11: The measurement grid for the QoQZ evaluation for spurious emissions is the same as for in-band TRP measurements. 

Conclusions
The following observations and proposals were made in this contribution
Proposal 1: Perform the QoQZ evaluation for Spurious Emissions tests at [6], [12.75], 23.45, 40.8, 66, and 80 GHz. The MU element for the respective frequency range is the maximum value evaluated at the minimum and maximum frequencies.
Proposal 2: Once an FR2 band beyond 40 GHz is introduced, a new range and test frequency of [TBD] will have to be added.
Proposal 3: Perform the QoQZ evaluation based on efficiency measurements of the reference antenna
Proposal 4: Perform the QoQZ evaluation for spurious emissions for the same quiet zone sizes as for in band QoQZ evaluations
Proposal 5: The minimum measurement distance needs to satisfy the far-field condition, 2D2/ where the antenna aperture, D, matches the radiating aperture for the in-band measurements. 
Proposal 6: Perform the QoQZ evaluation for spurious emissions at the same 7 reference positions as for in band testing.
Proposal 7: Base the QoQZ evaluation for spurious emissions on the repositioning approach to minimize the MU for the low PSD test case
Proposal 8: The test procedure for the spurious emissions test case will require either a peak search of the beam peak direction of the spurious emission pattern or the DUT to be repositioned and a hemisphere to be measured twice.
Proposal 11: The measurement grid for the QoQZ evaluation for spurious emissions is the same as for in-band TRP measurements.
Proposal 10: The MU element of QoQZ evaluation for spurious emissions in the measurement stage and for the calibration stage is the standard deviation of the efficiencies evaluated at the 7 reference positions and the two principal polarizations.
Proposal 11: The measurement grid for the QoQZ evaluation for spurious emissions is the same as for in-band TRP measurements.
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