Page 4
Draft prETS 300 ???: Month YYYY
[bookmark: _Hlk491845607]3GPP TSG RAN WG4 Meeting #86	R4-1801425
Athens, Greece, February 26th – March 2nd, 2018

3GPP TSG-RAN WG4 Meeting #AH1801	R4-1800017
San Diego, US, 22nd – 26th Jan 2018

Source: 	ETS-Lindgren
Title: 					Impact of Support Structure on mmWave Testing
Agenda Item: 			7.10.2
[bookmark: _GoBack]Document for:	Approval
1 		Introduction
The current work on quiet zone size and measurement uncertainty has led to discussions on quiet zone validation tests that ignore the impact of support structure on the generated fields.  Tests, tolerances, and criteria generated based on an ideal empty environment may not be representative of what the DUT will see.
2	Discussion
2.1	Phase Shift Through a Dielectric
Low density Styrofoam and machinable foam like Rohacell have a dielectric on the order of 1.1.  Anything else, such as materials suitable for bearing surfaces for rotateable components, etc. will have considerably higher dielectrics.  Taking 1.1 as representative, an 11.5 cm thick piece of Styrofoam will produce a 180° phase shift in the wave traveling through it, relative to the wave that passes to the outside.  The only way the physics of this can be reconciled is to produce a null (infinitely deep for a 180 degree phase shift with no loss) at the boundary when the wave emerges from the dielectric.  The result is a lensing effect where the energy from that null ends up directed somewhere else.  The required thickness for this to occur decreases at higher frequencies, and of course we will violate the phase uniformity criteria at 1/8th of this distance, so only a couple of centimeters of support will undo all our hard work on validating a uniform quiet zone.  Table 1 provides an embedded Excel table that can be used to perform this calculation for different materials and frequencies.
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When we add usage case scenarios such as a wedge used to hold a DUT at 45 degrees, or expected nearfield impairments like phantom head and hands, the impact on the phase seen by an antenna may be dramatic.  While the latter is a desired impact, the former is not.  The main concern is that we may be testing to a uniformity requirement that the DUT will never see.  On the other hand, ensuring that the test system is generating a good approximation to a plane wave is important.  

2.2	Test System Geometries
Discussions during the January Ad Hoc in San Diego described scenarios where a device would likely have active radiating elements front and back and rotation through a sphere would engage different components at different times.  Likewise, the common TRP/TIS metrics are measured by integrating on a spherical surface.  For both the baseline far field test systems and likely alternate methodologies such as CATR, lenses, etc., the range length and/or physical size characteristics of the measurement antenna/measurement path components makes manipulating them in multiple dimensions impractical.  Thus, the likely scenario for all of the currently envisioned methods for testing imply the need to manipulate the DUT in two axes if spherical performance information is desired.  
The need for a roll axis orthogonal to the turntable that the device would be placed on implies the use of considerably more and denser dielectric material than just a simple foam column or pedestal for placing the DUT.  Straps, Velcro, or other mechanisms used to attach the DUT to allow end-over-end roll manipulation will also impact the performance in those directions.
Traditional microwave test systems for directional antennas where phase accuracy is critical require much more stable positioning than can be obtained by the totally dielectric supports commonly used in sub 6 GHz OTA testing.  Thus, these systems are typically made of metal and covered with RF absorber to minimize reflections.  However, this means that they’re commonly only suitable for hemispherical measurements or spherical measurements of the back lobes of directional antenna would be similar to the real world physical support that would be used on these antennas in the field.  For a handset attempting to generate omnidirectional functionality with multiple directional arrays, the full spherical coverage would be badly shadowed by the support structure leading up to the DUT, especially if the rigid structure is extended out to the vicinity of the test volume.  
In the ideal case were the profile of the mechanical positioning structure for the horizontal axis is kept to a minimum and a lightweight dielectric is extended from some distance outside the QZ to the DUT mounting, then the impact of such a combined axis system might be similar to that of a theta arm type distributed axis system, where there’s a “hole” in the pattern around the  = 180° degre position.  However, since the measurement antenna/range (i.e. plane wave) will be originating from a location beyond the supporting post and horizontal dielectric, the diffraction and edge effects from the phi axis positioning structure will generally always exceed that from the simple dielectric column used in a distributed axis system.  Thus, performance in the  > 90° region will progressively degrade as it approaches the positioning drive system.  Systems with cradles and similar configurations that attempt to support the orthogonal axis at both ends will obviously have an impact in both hemispheres of the pattern.    
While antenna designers typically want/need fractional degree positioning accuracy/stability from their positioning scanning systems, especially when near-to-far-field conversion is being used, for much of the testing being proposed for qualification of the NR in FR2 the relative phase of different positions to be tested is not likely to be critical. Thus, the positioning systems may not require this level of accuracy, allowing totally dielectric based positioners similar to those used for existing sub 6 GHz OTA testing to be used.  Note however that the above concerns and conciderations regarding the effect of even low loss dielectrics on the phase uniformity in the test volume still remain.
 
    
3	Conclusion and Recommendations
DUT support structure will have a significant impact on the phase within the test volume, even if it has negligible loss so that the total radiated power is not affected.  On the other hand, nulls produced by skimming of a dielectric and the corresponding change in peak levels due to lensing effects may alter EIRP numbers.  The methods required for plan wave illumination imply the need to manipulate the DUT in two orthogonal axes for full spherical coverage.  The impact this will have on the support structure will have significant consequences on the ability to perform full spherical measurements, especially if rigid phase stable support is required.  
Recommendations
1. Develop a QZ validation method that includes the impact of support structure.
2. Set limits and guidelines on the amount of support structure and the level of dielectric.
3. Evaluate the impact of positioner obstructions on the overall MU and possible test processes.
4. Determine if the rigidity/phase stability of the positioning system has any impact on the desired tests in order to evaluate the tradeoff between absorber covered metal and dense dielectric positioners.
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