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1. Introduction

During RAN4 #92, Plane Wave Synthesizer (PWS) for EIRP and OTA sensitivity for AAS BS was discussed. CR to TR 37.843 was agreed on including this OTA test methodology [1]. This contribution provides some results for the QoQZ characteristics (amp and phase) for a PWS implementation. 
2. Background
Plane Wave Synthesizer (PWS) has been included in TR37.843 as testing methodologies to be used for OTA EIRP and Sensitivity measurements of AAS BS. PWS is considered as an alternative to CATR test method since both techniques aim to achieve Far Field (FF) conditions in a test volume, quiet zone (QZ). As for other test methodologies, test procedures, calibration procedures, and measurement uncertainty budgets were agreed with exception of uncertainty associated with QZ which was left in []. For a PWS, the QZ can be configured based on the AAS BS under test so that the QoQZ uncertainty term can be optimized. This contribution provides QoQZ results for a PWS implementation with aiming of removing the [] in the measurement uncertainty budgets.
3. PWS – QoQZ Results
As it was discussed, QZ performance for both CATR, and PWS system setups is an indicator of the quality of the plane wave approximation in the test volume. Common quality factors are amplitude taper, amplitude ripple and phase variation on a planar test surface in the test volume. Field probing technique is commonly [2] used for QZ characterization. It consists on moving a probe in the QZ so that the incident field is sampled as a function of the position over the test aperture. In this specific case, due to the availability of Spherical NF measurement for our PWS implementation, field variation over the entire test volume has been investigated. As opposed to field probing, volume measurement allows to appreciate also the down-range taper of the system setup which is important when evaluating the plane wave approximation of the system setup.
In figure 1, and 2 QZ amplitude and phase field distribution are shown for a PWS at 3.5GHz. The spherical QZ volume has diameter of about 0.5m and it is centered at 0.95m distance from the PWS interface (C=0.95m):
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Figure1. Measured E-field amplitude map of down – range QZ @3.5GHz, d=0.5m
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Figure 2. Measured E-field phase map of down-range QZ @3.5GHz, d=0.5m
White circle indicates the QZ position of C=0.95m and diameter d=0.5m.

The following can be observed:
1. QZ amplitude variation within the entire spherical region is lower than ±0.7dB
2. Root Mean Square (RMS) of the amplitude variation is always lower than 0.4dB
3. Worst-case phase variation is lower than ±8deg within the QZ
4. RMS has a maximum value of 5deg
The measured PWS has been designed with some very tight constraints in terms of the distance between probe array and QZ (only 0.95m) such that the QZ performances could degrade. Increasing the range length (i.e. from 0.95m to 1.5m) would improve the QZ performances.
PWS testing methodology allows to change the QZ dimension and hence improve performances by just changing the complex coefficients of the probe array. This is done without changing the geometry of the setup in terms of numebr of probes/rings and range length. In figure 3, and 4 the E-field amplitude and phase maps respectively for the same PWS implementations but optimized complex coefficients:
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Figure3. Measured E-field amplitude map of down – range QZ @3.5GHz, d=0.4m
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Figure 4. Measured E-field phase map of down-range QZ @3.5GHz, d=0.4m
The following can be observed:
1. QZ variation within the entire spherical region in ±0.36dB

2. Phase variation is ±4deg
4. Conclusion 
In this contribution QZ performance of a PWS implementation has been showed in terms E-field amplitude and phase map at 3.5GHz. The presented values confirm the expected QZ deviations (QZ ripple uncertainty) reported in the Measurement Uncertainty budgets of a PWS.
As it was presented, a PWS can even be reconfigured in order to change the QZ dimension and hence QZ performance. This can be accomplished by properly setting the complex coefficients for the probe array. 
Proposal: Remove the [..] for the QoQZ uncertainty term in the measurement uncertainty budgets (TR37.843) for a PWS test method
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