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1	Introduction
This paper points out a overlooked point of the current quality of quiet zone evaluation method specified in Annex D of TR38.810[1]. The quality of quiet zone is currently specified as a standard deviation, which is a deviation from a mean value, however, the mean value should have a offset from the reference level to be calibrated by a reference antenna. But the offset is not taken into account in the current MU evaluation. This paper proposes two ways to sort out the issue; one way is to adjust the signal level and the total MU, the other way is to change the definition of quality of quiet zone to calculate the deviation from the reference level. The issue pointed out by this paper is a common issue for both DFF and IFF.
2	Discussion
[bookmark: _Toc517450563]2.1	Overlooked point of current quality of quiet zone evaluation
According to Annex D of TR38.810[1], the quality of quiet zone is defined as a standard variation. The quality of quiet zone for EIRP and TRP would be calculated as  and  respectively with the following equations. In all the equations below, all the notations of EIRP and TRP are in the unit of dB, i.e. log scale.

--------------------------------------------------------------------------------------------------------------------------
· Quality of quiet zone for EIRP:



· Quality of quiet zone for TRP:





Here, the following notations are used.


		: index of reference-AUT position
		: index of reference-AUT beam direction
		: number of reference-AUT positions
	: number of reference-AUT beam directions
--------------------------------------------------------------------------------------------------------------------------

When calibration is performed with a reference antenna in the replacement method, the signal level is calibrated with regard to the centre of rotation. When the quality of quiet zone is evaluated using the setup as shown in Figure 2.1-1 or Figure 2.1-2, the signal level with the reference-AUT placed at P1 should correspond to the reference level. In other words, the signal levels “” and “” calculated with the following equations are the reference level for EIRP and TRP respectively.



As the measurement antenna gain would be higher at around the centre direction than at some off-centre directions, the signal levels corresponding to the reference levels “” and “” should be higher than the mean levels “” and “” which are averaged over all the reference-AUT positions. In short, the current definitions of quality of quiet zone are the deviations from the mean levels (, ) which have offsets from the reference levels(, ) as calculated in the equations below, but the offsets are not taken into account in the current MU estimations in TR38.810[1]. This issue was pointed out in [2] as well.



Observation1: The current MU calculations in TR38.810[1] does not take account of the offsets of mean EIRP and TRP level from the reference level, which would not be negligible.
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Figure 2.1-1  Influence of measurement-antenna beam pattern against reference-AUT positions in DFF
Calibration point


















Figure 2.1-2  Influence of measurement-antenna beam pattern against reference-AUT positions in IFF


2.2	How to solve the issue
This section shows the following two ways to solve the issue pointed out in the previous section, whose pros and cons are shown in Tale 2.2-1.

A) Signal-level & total-MU adjustment
If the measurement results of EIRP and TRP w.r.t an actual DUT having antennas arranged in the same way as in the quality of quiet zone evaluation method are adjusted by the offset according to the equations below, the current values of quality of quiet zone can be used as it is for its MU evaluation. By this adjustment, the signal-level histogram shall be changed as shown in Figure 2.2-1, which means that the signal level deviates not only towards the minus direction but also the plus direction.



However, as the signal-level distribution should be changed depending on antenna arrangement in a DUT, the offset to be adjusted should also be dependent on each DUT. The offset in quality of quiet zone evaluation () can be regarded as the biggest. If an AUT is only placed at the centre of rotation, the offset shall be zero, which is the smallest offset. If we could assume all the variations of actual DUTs, the distribution of the offset could be estimated so that we can determine 95%-confidence lower and upper offset limit, which correspond to the 1.96-sigma standard deviation in the normal distribution. 
Actually, since it would be difficult to estimate the distribution of the offsets across all the current and future DUTs in the world, we propose to perform EIRP/TRP-adjustment and to calculate the MU in the following way.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
· Adjustment:




· MU calculation:


~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

If the adjustment is performed by half the offsets “” and “” for EIRP and TRP respectively, the maximum remaining offset would be “” and “” w.r.t all the DUTs to be placed within the quiet zone.  In the MU-budget table, the standard deviations of the random values are to be combined by RSS, which is based on the idea that any random distribution should make a normal distribution as long as a lot of random values are summed up; the principal is called as “Central limit theorem”. However, even though offsets are summed up, it just shift the centre of the normal distribution. And also the standard deviation of the normal distribution shall be multiplied with 1.96 to derive an expanded uncertainty with 95%-confidence, but 1.96 should not be multiplied to the offset.  So in the MU calculation shown above, the maximum remaining offsets of “” and “” are just added to the total expanded MUs as the last step to derive the final total MUs.
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Figure 2.2-1  Signal level adjustment to solve the offset issue



B) Definition change of quality of quiet zone calculation
If the definitions of quality of quiet zone are to be changed so that they represent the deviations from the reference level as the equations below, the offsets shall be included within the evaluation of quality of quiet zone. But in this case, the values for quality of quiet zone would be increased than the current estimation.

· Quality of quiet zone for EIRP(modified):


· Quality of quiet zone for TRP(modified):



Table 2.2-1  Pros and Cons for each way of solving the issue
	
	Pros
	Cons

	Signal-level & total-MU adjustment
	It aligns with the theoretical background, such as the central limit theorem.
The increase of the total MU would be as small as possible.
	New process of signal adjustment shall be necessary.
New MU-estimation step of the total-MU adjustment by the offset would be necessary.

	Definition change of quality of quiet zone calculation
	The signal level processing can be as it is.
New MU-estimation step of the total-MU adjustment by the offset would not be necessary.
	The values of quality of quiet zone should be bigger than the current estimation.
It doesn’t align with the theoretical background, such as the central limit theorem.




Proposal1: Taking account of the fact that the current estimated total MU of the assumed OTA test system is not small enough, the signal-level & total-MU adjustment approach, with which the current quality of quiet zone value would not be increased while the final total MU would be increased as small as possible, shall be preferable.


3	Conclusion
In this paper, the following observation and proposal are made.

Observation1: The current MU calculations in TR38.810[1] does not take account of the offsets of mean EIRP and TRP level from the reference level, which would not be negligible.

Proposal1: Taking account of the fact that the current estimated total MU of the assumed OTA test system is not small enough, the signal-level & total-MU adjustment approach, with which the current quality of quiet zone value would not be increased while the final total MU would be increased as small as possible, shall be preferable.
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