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1
Introduction
Far-field is the baseline method for NR RF testing, the TRP and TRS measurement uncertainty elements were discussed [1]. However, for single-directional quantities such as EIRP and EIS, deciding on black box or white box is very important [2]. For far-field distance, new Quiet Zone and MU for calibration, we need to reconsider some measurement uncertainty elements [3-5]. In this contribution, we discuss the related measurement uncertainties and test tolerance issues.   
2
Discussion

2.1 Far-filed Conditions:

For beamforming antennas, the primary MU metric are antenna peak accuracy, beam-width, null and sidelobe level accuracy. Once the peak accuracy is defined, the null and sidelobe accuracy can be defined. Therefore, controlling the peak value (EIRP and EIS) MU rather than integrated TRP and TRS is of more important task than other measurement uncertainty issues. 
Based on the previous experience, the traditional far-field distance is up for discussion:

1) 𝑅≥(2⋅𝐷^2)/, and R>>2; resulting in reactive field error to be less than 0.25 dB, and phase measurement error of less than 22.5;
2) 𝑅≥10𝐷; resulting in positioning error of AUT (Antenna Under Test) to be less than 0.45 dB;
3) Where D is the min sphere enclosing the AUT, R is the test distance,λis the wavelength for the communication channel;
Since the test range distance is becoming a premium for NR mmWave beamforming antenna systems, as we push the acceptable test distance closer and closer, the measurement antenna minimum sphere also becomes a factor in determining the minimum test distance since it is often overlooked.  Therefore, the
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; where 𝐷𝐴𝑈𝑇 is the min sphere enclosing the AUT; and 𝐷M is the min sphere enclosing the measurement antenna based on current antenna measurement.
2.2 Far-filed Acceptable Tolerances:

There have been discussions on what is the more factual min sphere 𝐷𝐴𝑈𝑇, which is meaningful so as not to build test ranges that are too large. Also the min sphere dimension of 𝐷M shall be encouraged to study for its more realistic far-field distance for practical use. The proposed 1 dB error tolerance in the last meeting is too large.  The error margin shall be upheld to at 0.25 dB since RAN4 shall not be in a position to create new loose measurement acceptable error tolerance. And, the proposed 1 dB error margin may become a major contributor of the overall measurement uncertainty budget for both EIRP and ERS measurements.

Existing investigations are more focused on the travelling wave type of measurement antennas (such as pyramidal horns) that have much less reactive field problem in the far-field conditions. However, efforts might need to be focused on patch type of antennas that have more reactive components in the far-field conditioning issues.

AUT radiation hotspot shall be allowed to be adjusted and fine-tuned to less than 0.25𝐷𝐴𝑈𝑇, rather than 0.5𝐷𝐴𝑈𝑇, offset from the two major measurement rotational axes to reduce this measurement error term from 0.45dB to less than 0.22dB. This can be accomplished by introducing three additional offset adjustment axis in AUT positioning system similar to what have been done to test systems that are frequently used for testing traditional electrically large antennas.
2.3 Far-filed Anechoic Chamber:
Traditional antenna ranges allows up to -35dB of anechoic chamber reflection noise for most antenna pattern measurement purposes.  This amounts to a ~0.15dB MU in the antenna pattern’s peaks (EIRP or EIS). 

Since the anechoic chamber resources are more abundant in the mm-Wave frequency range, it is proposed that the reflected interference level inside the test zone to be limited to a level of less than -40 dB. This can practically reduce the MU due to the imperfection of the anechoic chamber to less than a MU term of 0.087 dB, which is a much less significant term to the overall contribution of MU. This can be a very cost effective measure of controlling the overall MU.
2.4 MU terms for calibration:

Current MU tables assumed that the RF signals can be connected directly from signal generator to the receiver via RF cables in the test range signal routing.  If frequency converter is used, the power meter measurement of the signal path loss, and up-converter and down-converter of the RF signal may become a necessity. So, MU terms for power meter, and frequency convertors shall be introduced to the overall MU table shall it become needed.
3
Conclusions

In this contribution, we discuss some measurement uncertainty issues for mm-Wave system.  
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