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1.
Introduction

 Before starting discussions on a concrete uncertainty value of “Quality of quiet zone” in MU discussions, we need to share the understanding of “Quality of quiet zone”.
In general, the word “Quality of quiet zone” is sometimes used as a indicator to evaluate the quality of an anechoic chamber itself without including equipment used in it.  But when we think about “Quality of quiet zone” as a contribution factor for OTA measurement uncertainties, we need to clarify whether the word “Quality of quiet zone” should be understood to include influence of equipment used for OTA measurements in the anechoic chamber.
This paper also discusses which type of antenna needs to be used instead of an actual DUT antenna for the evaluation of “Quality of quiet zone” of an OTA measurement system.
Lastly, we have a discussion that the MU factor of “Quality of quiet zone” in the calibration stage can be regarded as almost zero, if we assume that the reference point for the “Quality of quiet zone” is the centre of the rotation, where the calibration antenna shall be placed at the calibration stage.


2. Discussion
2.1 Influence of equipment in an anechoic chamber
 Referring to the paper “WF on NR MU and test tolerance”[1] about measurement uncertainties approved at RAN4 NR AH#2, the MU contribution factor of “Quality of quiet zone” can be found in the tables.  We need to clarify whether the MU contribution factor of “Quality of quiet zone” should be understood to include the influence of equipment used in an anechoic chamber, such as a positioner.  Here, we are concerning about the radio wave phenomena, such as reflection, scattering and attenuation as shown in Figure 2.1.1, which could be factors that degrade the “quietness” of a defined volume within an anechoic chamber having OTA-measurement equipment in it.  The attenuation caused by obstruction of the line-of-sight signal could be considered as another MU contribution factor or all the effects caused by equipment in an anechoic chamber could be considered as other MU contribution factors.
Proposal1: It shall be clarified which of the three options below should be selected.
Option1) The MU contribution factor of “Quality of quiet zone” shall include all the influence towards the “quietness”, such as reflection, scattering and attenuation, considered to be caused by equipment placed in an anechoic chamber.
Option2) The MU contribution factor of “Quality of quiet zone” shall include part of the influence towards the “quietness”, such as reflection and scattering, considered to be caused by equipment placed in an anechoic chamber not to obstruct the line-of-sight signal.  The effect of attenuation caused by obstruction of the line-of-sight signal shall be considered as another MU contribution factor.
Option3) The MU contribution factor of “Quality of quiet zone” shall be just the indicator to evaluate the quality of an anechoic chamber itself.  The effects caused by equipment placed in an anechoic chamber shall be considered as other MU contribution factors.

Figure 2.1.1   Influence of equipment in a chamber
2.2 Evaluation of “Quality of quiet zone”
 We understand that the “Quality of quiet zone” shall be evaluated using the VSWR method, which is explained in detail in G.2.1 of TS34.114[2].  We can evaluate the “Quality of  quiet zone” by the standard deviation “s” of measured powers :
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: Standard deviation of measured powers
Here, the power “Pmean n” can be measured using a VNA (Vector Network Analyser) at each of the antenna positions as shown in Figure 2.2.1.  

Figure 2.2.1    Measurement environment of “Quality of quiet zone”
We need to share views of which types of antenna should be used for the evaluation, which is a substitution for a DUT antenna.  Either of the antenna types below could be candidates for the evaluation antenna.

1. Omni-antenna



: Omni-antenna would be a worst case in the sense that it receives reflected or scattered components from any directions.
2. High-directivity antenna 
: High-directivity antenna could be considered as a typical UE antenna.
Proposal2: It would be beneficial to share the views of which types of antenna should be used for the evaluation of “Quality of quiet zone”.
2.3 “Quality of quiet zone” as an MU factor
Referring to the paper “WF on NR MU and test tolerance”[1] approved in RAN4 NR AH#2, the MU contribution factor of “Quality of quiet zone” is included at both stages of calibration and DUT measurement as shown in Table 2.3.1.
If we assume that the reference point for the evaluation of “Quality of quiet zone” is the centre of the rotation, the uncertainty of “Quality of quiet zone” for the calibration stage can be regarded as almost zero.  That is because the signal level at the centre of the rotation, where the calibration antenna would be placed, shall be calibrated even if there exist some level of uncertainties cased by such an effect as standing wave.
 The reason why we need to say that the uncertainty of “Quality of quiet zone” for the calibration stage can be regarded as “almost zero” is that the effect of “quiet zone” for the DUT antenna could be different from the one for the calibration antenna depending on the characteristics of each of the antennas.  Anyway, the uncertainty value of the “Quality of quiet zone” for the calibration stage could be much smaller than the one for the DUT measurement stage.
Proposal3: The uncertainty value for the “Quality of quiet zone” for the calibration stage shall be regarded as almost zero or at least much smaller than the one for the DUT measurement stage.
Table 2.3.1  Necessary MU elements for TRP (copied from [1] and edited)
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uID Uncertainty remarks
Description of uncertainty contribution Value[dB]
Stage 2: DUT measurement
1 Positioning misalignment [0~0.5]
2 Measure distance uncertaint TBD
4 Mismatch in the Tx and Rx chain [0~0.5]
< Several lines are omitted >
12 Influence of the XPD [0~1]
Stage 1: Calibration measurement
12 Impedance mismatch [0~0.5]
13 Reference antenna positioning misalignment [0~0.5]
14 Mismatch and insertion loss 0~0.5
16 [Amplifier uncertainties TBD
< Several lines are omitted >
19 [0~0.5]







3.
Conclusion
As discussed in section 2, we propose as the following.
Proposal1: It shall be clarified which of the three options below should be selected.

Option1) The MU contribution factor of “Quality of quiet zone” shall include all the influence towards the “quietness”, such as reflection, scattering and attenuation, considered to be caused by equipment placed in an anechoic chamber.

Option2) The MU contribution factor of “Quality of quiet zone” shall include part of the influence towards the “quietness”, such as reflection and scattering, considered to be caused by equipment placed in an anechoic chamber not to obstruct the line-of-sight signal.  The effect of attenuation caused by obstruction of the line-of-sight signal shall be considered as another MU contribution factor.

Option3) The MU contribution factor of “Quality of quiet zone” shall be just the indicator to evaluate the quality of an anechoic chamber itself.  The effects caused by equipment placed in an anechoic chamber shall be considered as other MU contribution factors.
Proposal2: It would be beneficial to share the views of which types of antenna should be used for the evaluation of “Quality of quiet zone”.
Proposal3: The uncertainty value for the “Quality of quiet zone” for the calibration stage shall be regarded as almost zero or at least much smaller than the one for the DUT measurement stage.
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