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1 Introduction

At meeting #84 in Dubrovnik, a list of measurement uncertainty (MU) contributors for the RF baseline test setup was proposed [1].  In that document, the MU contribution from the quiet zone for DUT measurement is described as to-be-determined (TBD).  Also at meeting #84, a text proposal to TP38.810 [2] was made to define the characterization procedure for determining the quality of the quiet zone and its associated MU for FR2 [3].  In this paper, we aim to show that the procedure defined in [3] can also be applied, without modification, to characterize the quality of quiet zone MU for a compact antenna test range (CATR).
2 Discussion
The procedure described in [3] is based on the “ripple tests” of [4, 5] used for determining the quality of a quiet zone at FR1.  Figure 1, originally from [3], illustrates the basic concept.  P1 is the center of a quiet zone of radius, R, where R is sufficiently large to encompass a DUT.  For a typical 150 mm UE, R is 75 mm.  A reference antenna is sequentially positioned at each of the 7 locations (P1-P7) and 3-D beam pattern measurements are performed by rotations around the center axes.  The variation between the patterns determined at the different positions provides an indication of the quality of the quiet zone.  The standard deviations can be used to calculate MUs for TRP/TRS as well as EIRP/EIS. 
The tests of [4,5] take advantage of the availability of highly symmetric omni-directional antennas at traditional sub-6 GHz frequencies, but such antennas are not easily available at FR2 frequencies.  Additionally, the expected antennas (phased arrays) to be used at FR2 are directional themselves.  Consequently, the procedure in [3] deviates from the procedures found in [4,5] by making use of a directional, rather than isotropic, reference antenna to achieve a more relevant characterization of the quiet zone.  
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Figure 1 Reference AUT Measurement Positions [3]
As discussed in [6], variations in the amplitude and phase measured in a quiet zone are caused by both the anechoic chamber itself (any imperfections in the measurement antenna beam uniformity and internal reflections) and by scattering and diffraction from the equipment used inside the chamber, e.g. the positioner itself.  Since the reference antenna must be directional, yet reflections and scattering can occur from any direction, it is important to characterize the QZ with multiple orientations of the reference antenna. Consequently, the procedure introduced by [3] adds a requirement to measure the beam pattern of the reference antenna at five different elevation orientations and eight different azimuthal orientations.
The procedure introduced by [3] is intended to apply generally to characterization of the quality of a quiet zone in any far-field chamber, including a CATR.  The quiet zone in a CATR, as in a direct far-field chamber, will have variations in amplitude and phase caused by the chamber itself and by the scattering and diffraction off the equipment used in the chamber.  Thus, the same measurement procedure can quantify these variations in the quiet zone in the same way. 

3.  Application details for CATR

While the quiet zone measurement uncertainty procedure of [3] applies equally well to direct far-field and CATR methods, there are subtle quiet zone differences between the methods worth considering here.  
First, the diverging nature of beams in the direct far-field approach leads to a quiet zone variation in power as a function of distance between the reference and measurement antennas, per the Friis transmission equation. For example, a beam pattern measurement of the reference antenna originally at P2 will detect higher power than at P3.  This distance-induced amplitude variation isn’t typically considered a factor in the quality of a quiet zone (though it will impact DUT measurement results).  Consequently, [5] employs a mathematical compensation to remove the effect.  In a CATR system, in contrast, the measured power is not a function of distance from the reflector so this mathematical compensation factor is not necessary for determining TRP/TRS or EIRP/EIS MU in a CATR.  
Secondly, the edges of the reflector used in a CATR system are known to generate scattered waves that perturb the quiet zone and lead to non-ideal amplitude and phase ripples; a direct far-field system lacks this source of quiet zone ripple.  However, there are other sources of ripple in both techniques, and the procedure defined in [3] accounts for the TRP/TIS and EIRP/EIS MU for any source of quiet zone ripple.  

4 Conclusion

The test procedure defined in [3] for determining the MU contribution from the quiet zone quality applies equally well to both direct far-field and CATR systems.
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