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Introduction
This contribution is discussing different options for the 3D MPAC quality of quiet zone procedure. The recommendation is to leverage the FR2 UE RF and RRM quality of quiet zone procedure.  
Discussion
For the last few meetings, the PSP validation and quality of quiet zone procedures were listed in the WF as open items to be finalized [1][2][3]. Little progress was made on these topics since most focus was on the definition of the probe configuration which was finalized in the last meeting [5][6].
This contribution is reviewing the applicability of existing NR quality of quiet zone (QoQZ) validation procedures for NR FR2 3D MPAC systems. 
Scaling NR FR1 QoQZ Procedure to FR2
The NR FR1 QoQZ validation procedure, defined in Clause D.1 of [6], relies on sleeve dipoles and loop antennas placed on the circumference of the cylindrical test zone as illustrated in Figure 1. This Phi-axis test geometry test records the EIRP variation of the omnidirectional reference antenna as a function of rotation angle using one MPAC probe integrated on the horizontal ring (phi-axis); the two different reference antenna types (dipole and loop) allow both cross-polarized components to be investigated separately. For an accurate evaluation of the QoQZ performance, the azimuth gain variations of the reference antennas are typically specified to be within ±0.1dB which is significantly smaller than the typical QoQZ MU of ~0.5dB. 
Scaling this procedure to NR FR2 would be feasible from a positioning perspective. However, scaling both loop and dipole antennas to FR2 frequencies with very small gain variations in the omnidirectional pattern plane has proven difficult. A review of commercially available omnidirectional antennas yielded primarily dipole antennas and no loop antennas and the typical azimuth gain variations were ±1dB or more which is unacceptably high for QoQZ validations. 
[bookmark: _Ref40113122]Observation 1: Suitable omnidirectional loop and dipole reference antennas with insignificant azimuth gain variations currently do not exist. 
Performing the validation for just a single polarization instead of the two cross-polarized components seems unacceptable as well. It is therefore concluded that the current FR1 QoQZ procedure cannot be leveraged for the NR FR2 3D MPAC QoQZ validation procedure.
[bookmark: _Ref40113123]Observation 2: The current FR1 QoQZ procedure cannot be leveraged for the NR FR2 3D MPAC QoQZ validation procedure. 
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[bookmark: _Ref40093189]Figure 1: NR FR1 MPAC QoQZ validation approach using dipoles on top and loops on the bottom; Figure D1-2 of [6]
Leveraging NR FR2 QoQZ UE RF&RRM Procedure
An alternative approach is to leverage the existing NR FR2 QoQZ procedure that is currently used for UE RF test systems, documented in [7][8] and single AoA as well as dual-AoA, multi-probe RRM test systems, as documented in [8]. For those multi-probe systems, just a single probe would be used for the QoQZ procedure as outlined in Clause 6.2.1.1 of [8]
	The quality of quiet zone validation defined in Annex D only needs to be performed with the reference probe P0 and only to assess the single-directional EIRP and EIS metrics.


Since for NR MIMO OTA the integrated TRP metric is of not of any interest, only the single-directional EIRP/EIS metrics need to be assessed in the QoQZ procedure which will significantly reduce the overall validation time when compared to the UE RF QoQZ validation. This approach is also aligned with the RRM QoQZ validation approach as highlighted above. 
[bookmark: _Ref40113124]Observation 3: For NR MIMO OTA, only the single-directional EIRP/EIS metrics need to be assessed in the QoQZ procedure
Since this QoQZ is taking into account the re-positioning concept as well as the signal ripples from the positioner and support structures, this QoQZ validation approach seems very suitable for NR FR2 3D MPAC multi-probe systems regardless of whether the probes are implemented using conventional mm-wave or IFF-based probes. 
[bookmark: _Ref40113125]Observation 3: The existing NR FR2 QoQZ validation approach is suitable for NR FR2 3D MPAC systems 
Similar to dual-AoA, multi-probe RRM systems, it is proposed to perform the QoQZ validation procedure using a single measurement probe.
Given the lack of suitable alternatives that take the re-positioning concept, the signal ripple from positioner and support structures and the wide-spread adoption of the NR FR2 UE RF QoQZ procedure, it is proposed to leverage this procedure for NR FR2 3D MPAC MIMO OTA systems as well.
[bookmark: _Ref40113126]Proposal 1: Leverage the NR FR2 UE RF QoQZ procedure for NR FR2 3D MPAC MIMO OTA systems using just a single measurement probe
It is proposed to include the draft text below in [6]. 
[bookmark: _Ref40113127]Proposal 2: Include the draft text below as FR2 QoQZ Validation procedure in [6]. 
Some of the MU element language from [9] could be leveraged in Annex B [6] if proposal is agreed. 
Conclusion
The following observations and proposals were made in this contribution
Observation 1: Suitable omnidirectional loop and dipole reference antennas with insignificant azimuth gain variations currently do not exist.
Observation 2: The current FR1 QoQZ procedure cannot be leveraged for the NR FR2 3D MPAC QoQZ validation procedure.
Observation 3: For NR MIMO OTA, only the single-directional EIRP/EIS metrics need to be assessed in the QoQZ procedure
[bookmark: _GoBack]Observation 3: The existing NR FR2 QoQZ validation approach is suitable for NR FR2 3D MPAC systems
Proposal 1: Leverage the NR FR2 UE RF QoQZ procedure for NR FR2 3D MPAC MIMO OTA systems using just a single measurement probe
Proposal 2: Include the draft text below as FR2 QoQZ Validation procedure in [6].
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[bookmark: _Toc25697136]D.2	FR2 quality of the quiet zone
The FR2 quality of quiet zone validation test characterizes the quiet zone performance of the anechoic chamber, specifically the effect of reflections within the anechoic chamber including any positioners and support structures. The spherical test zone with 20 cm diameter to be validated with the FR2 quality of quiet zone procedure is illustrated in Figure D.2-1.
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[bookmark: _Hlk34204617]Figure D.2-1: Illustration of spherical 20 cm test zone validated using quality of quiet zone procedure

The quality of quiet zone test procedure, equipment, and test frequencies are defined in Annex O.2 of TS 38.521-2 [9]. For NR FR2 MIMO OTA, only the single-directional EIRP and EIS metrics need to be assessed and the procedure needs to be performed using just a single 3D MPAC probe. 
<<< END OF CHANGES >>>
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