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Annex O:
Quality of the quiet zone validation

O.1
General

This annex describes the procedures for validating the quality of the quiet zone 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 [10]. Annex O.2 focuses on the procedure for in-band and OOB test cases while Annex O.3 focuses on the procedure for spurious emissions test cases.  

O.2
Procedure to characterize the quality of the quiet zone for in-band/OOB 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 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 O.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: image1.png]Centre of
Quiet Zone

Quiet Zone
with radius R

y

=

Measurement
Antenna

Range Length





Figure O.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/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 Annex N applies to this procedure.
O.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 similar properties of typical antenna arrays integrated in DUTs. The characteristics in terms of Directivity and Half Power Beamwidth (HPBW) of the reference AUT are shown in Figure O.2.1-1, O.2.1-2, and O.2.1-3.
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Figure O.2.1-1: Directivity mask
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Figure O.2.1-2: 2xHPBW-E mask
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Figure O.2.1-3: 2xHPBW-H mask

AUT shall be symmetric on E and H planes.

The above masks for the reference antenna are met based on antenna vendors’ calibration report.

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.

O.2.2
Test frequencies

The frequencies to be used to characterize the quality of the quiet zone are 23.45 GHz, 32.125 GHz, and 40.8 GHz. The quiet zone validation analysis is performed for each frequency individually.

O.2.3
Reference measurements

The quality of the quiet measurements for integrated RF parameters such as TRP 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 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.

The grid types for the TRP measurements shall match those outlined in M.1 and the minimum number of grid points (including quadratures for constant step size grids and implementation of constant density grids) shall meet the 0.25 dB maximum standard uncertainty summarized in M.4.

O.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.
O.2.5
Reference AUT positions

The reference AUT shall be positioned in a total of 7 different reference positions, shown in Figure O.2.5.1-1 and O.2.5.2-1

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 O.2.5-1.

Table O.2.5-1: 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


O.2.5.1
Distributed-axes system
The reference AUT shall be positioned in a total of 7 different reference positions, shown in Figure O.2.5.1-1.
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Figure O.2.5.1-1: Reference AUT Measurement Positions for distributed-axes system

The reference AUT positions inside a typical distributed-axes system are shown in Figure O.2.5.1-2.
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Figure O.2.5.1-2: Reference AUT Measurement Positions for distributed-axes system

O.2.5.2
Combined-axes system

The reference AUT shall be positioned in a total of 7 different reference positions, shown in Figure O.2.5.2-1.

[image: image7.emf]
Figure O.2.5.2-1: Reference AUT Measurement Positions for combined-axes system

The reference AUT positions inside a typical combined-axes system are shown in Figure O.2.5.2-2.
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Figure O.2.5.2-2: Reference AUT Measurement Positions for combined-axes system

O.2.6
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.

O.2.6.1
Distributed-axes system

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 rotated around the y axis with 5 different angles , i.e.,  = 0o, 45o, 90o, 135o, and 180o, and rotated around the z axis with 8 different  = 0o, 45o, 90o, 135o, 180o, 225o, 270o, and 315o. A graphical illustration of the some sample reference AUT orientations is shown in Figure O.2.6.1-1 with a reference AUT placed at position 6, P6, for reference antenna polarization pol = 0o; Figure O.2.6.1-2 illustrates the reference AUT orientations for the reference polarization pol = 90o.

The matrix operation for the rotations and translation is defined as
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for the distributed-axes system.
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Figure O.2.6.1-1: Sample reference AUT orientations for position 6, P6 for reference antenna polarization pol = 0o.
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Figure O.2.6.1-2: Sample reference AUT orientations for position 6, P6, for reference antenna polarization pol = 90o.

When facing the z-axis,  = 0o and  = 180o, the antenna does not need to be evaluated for the 8 different rotations around the z axis. A single orientation is sufficient since those orientations are unique. Due to the pedestal, distributed-axes systems are not able to measure towards the   =180o direction; for those systems, the reference measurements at this reference AUT orientation can be skipped.

If the device re-positioning approach outlined in Annex N is adopted for the EIRP/EIS/TRP based conformance test cases, the quality of quiet zone analysis is sufficient only for  = 0o, 45o, 90o.
O.2.6.2
Combined-axes system

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 rotated around the x axis with 5 different angles , i.e.,   = -90o, -45o, 0o, 45o, and 90o and rotated around the y axis with 8 different angles  = 0o, 45o, 90o, 135o, 180o, 225o, 270o, and 315o. A graphical illustration of some sample reference AUT orientations is shown in Figure O.2.6.2-1 with a reference AUT placed at position 4, P4, for reference antenna polarization pol = 0o; Figure O.2.6.2-2 illustrates the reference AUT orientations for the reference polarization pol = 90o.

The matrix operation for the rotations and translation is defined as
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for the combined-axes system.
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Figure O.2.6.2-1: Sample reference AUT orientations for position 4, P4, for reference antenna polarization pol = 0o.
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Figure O.2.6.2-2: Sample reference AUT orientations for position 4, P4, for reference antenna polarization pol = 90o.
When facing the y axis,  = 90o and  = -90o, the antenna does not need to be evaluated for the 8 different rotations around the y axis. A single rotation is sufficient since those orientations are unique. Due to the pedestal of the 2-axis positioner, combined-axes systems are not able to measure towards the  = 180o direction; for those systems, the reference measurements at this reference AUT orientation can be skipped.

If the device re-positioning approach outlined in Annex N is adopted for all EIRP/EIS/TRP based conformance test cases, the quality of quiet zone analysis is sufficient only for  = 0o, 45o, 90o, 270o, and 315o.
O.2.7
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.

O.2.8
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 O.2.9-1. 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 respective reference AUT orientations, and the two reference AUT polarization orientations.

[image: image15.png]Measurement
Antenna





Figure O.2.9-1: Illustration of the Directivity MU Element.

O.3
Procedure to characterize the spurious emissions quality of the quiet zone for the permitted far field methods

This procedure is mandatory before the spurious emissions 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 O.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.

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 Annex N applies to this procedure.
O.3.1
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.

O.3.2
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.
O.3.3
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)
O.3.4
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.

O.3.5
Reference AUT positions

The reference AUT shall be positioned in a total of 7 different reference positions, shown in Figure O.2.5.1-1 and O.2.5.2-1

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 O.2.5-1.

O.3.5.1
Distributed-axes system

The reference AUT shall be positioned in a total of 7 different reference positions, shown in Figure O.2.5.1-1 for distributed-axes systems.

The reference AUT positions inside a typical distributed-axes system are shown in Figure O.2.5.1-2.
O.3.5.2
Combined-axes system

The reference AUT shall be positioned in a total of 7 different reference positions, shown in Figure O.2.5.2-1 for combined-axes systems. 
The reference AUT positions inside a typical combined-axes system are shown in Figure O.2.5.2-2.

O.3.6
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 time, the number of orientations for the spurious emissions quality of quiet zone validation is limited when compared to the number of orientations for the in-band quality of quiet zone validation.
O.3.6.1
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 O.3.6.1-1 with a reference AUT placed at position 6, P6, for reference antenna polarization pol = 0o; Figure O.3.6.1-2 illustrates the reference AUT orientations for the reference polarization pol = 90o.

The matrix operation for the rotations and translation is defined as
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for the distributed-axes system. The matrices are defined in Annex J.2 of TS 38.101-2.
[image: image17.emf]…

M=T(0,0,R)*R

z

(0)*R

y

(45)*R

z,pol

(0)

M=T(0,0,R)*R

z

(0)*R

y

(135)*R

z,pol

(0)

M=T(0,0,R)*R

z

(0)*R

y

(90)* R

z,pol

(0) M=T(0,R,0)*R

z

(45)*R

y

(90)*R

z,pol

(0)

M=T(0,R,0)*R

z

(45)*R

y

(45)*R

z,pol

(0)

M=T(0,R,0)*R

z

(45)*R

y

(135)*R

z,pol

(0)

M=T(0,R,0)*R

z

(90)*R

y

(90)*R

z,pol

(0)

M=T(0,R,0)*R

z

(90)*R

y

(45)*R

z,pol

(0)

M=T(0,R,0)*R

z

(90)*R

y

(135)*R

z,pol

(0) M=T(0,R,0)*R

z

(315)*R

y

(135)*R

z,pol

(0)

M=T(0,R,0)*R

z

(315)*R

y

(90)*R

z,pol

(0)

M=T(0,R,0)*Rz(315)*Ry(45)*R

z,pol

(0)

M=T(0,0,R)*R

z

(0)*R

y

(0)*R

z,pol

(0)

M=T(0,0,R)*R

z

(0)*R

y

(180)*R

z,pol

(0)

[image: image18.emf]…

M=T(0,0,R)*R

z

(0)*R

y

(45)*R

z,pol

(0)

M=T(0,0,R)*R

z

(0)*R

y

(135)*R

z,pol

(0)

M=T(0,0,R)*R

z

(0)*R

y

(90)* R

z,pol

(0) M=T(0,R,0)*R

z

(45)*R

y

(90)*R

z,pol

(0)

M=T(0,R,0)*R

z

(45)*R

y

(45)*R

z,pol

(0)

M=T(0,R,0)*R

z

(45)*R

y

(135)*R

z,pol

(0)

M=T(0,R,0)*R

z

(90)*R

y

(90)*R

z,pol

(0)

M=T(0,R,0)*R

z

(90)*R

y

(45)*R

z,pol

(0)

M=T(0,R,0)*R

z

(90)*R

y

(135)*R

z,pol

(0) M=T(0,R,0)*R

z

(315)*R

y

(135)*R

z,pol

(0)

M=T(0,R,0)*R

z

(315)*R

y

(90)*R

z,pol

(0)

M=T(0,R,0)*Rz(315)*Ry(45)*R

z,pol

(0)

M=T(0,0,R)*R

z

(0)*R

y

(0)*R

z,pol

(0)

M=T(0,0,R)*R

z

(0)*R

y

(180)*R

z,pol

(0)


Figure O.3.6.1-1: Reference AUT orientations for position 6, P6 for reference antenna 
polarization pol = 0o.
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Figure O.3.6.1-2: 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.
O.3.6.2
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 O.3.6.2-1 with a reference AUT placed at position 4, P4, for reference antenna polarization pol = 0o; Figure O.3.6.2-2 illustrates the reference AUT orientations for the reference polarization pol = 90o.

The matrix operation for the rotations and translation is defined as
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for the combined-axes system. The matrices are defined in Annex J.2 of TS 38.101-2.
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Figure O.3.6.2-1: Reference AUT orientations for position 4, P4, for reference antenna 
polarization pol = 0o.
[image: image23.png]M =T(0,R,0)*R,(0)*R,(0)*R, ,;i(90°) M =T(0O,R,0)*R,(180°)*R,(0)*R, ,;(90°)
¥y





Figure O.3.6.2-2: 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.
O.3.7
Quality of quiet zone measurement uncertainty calculations for TRP

The combined MU element related to the spurious emissions 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.

Annex P (informative):
Change history

<<< TEXT SKIPPED >>>
[image: image24.png]HPBW [deg]
T

s

oY R S |
24 25 26 27 28 20

I
30

31

2

33

L
34 35

3 37

L
38 39 40
Freq [GHz]

#

45

46 47 48 49 50 51

52

53



_1596360370.unknown

_1628492245.unknown

_1628492246.unknown

_1596359146.unknown

