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1.
Introduction

We introduced our estimation of measurement uncertainty (MU) value on EIRP/EIS OTA measurement for mmWave at RAN4 NR-AH #2 in Qingdao [1]. In the paper, one of the biggest MU contribution is “Offset of DUT phase centre from axis of rotation”, which is 5.24 dB and quite large compared to the same MU contribution in an existing OTA specification such as TS 34.114 [2] and TR 25.914 [3]. In this discussion paper we show our views on this MU contribution and discuss whether the new MU contribution factors should be introduced.


2. Discussion
2.1 Views on MU contribution “Offset of phase centre from axis of rotation” in TS 34.114 and TR 25.914
TS 34.114 and TR 25.914 contain measurement uncertainty contribution “Offset of DUT phase centre from axis of rotation” as follows. 
--- Extract from TS 34.114 ---

A.9.1
Offset of DUT phase centre from axis(es) of rotation

In all the measurements defined in this test procedure the DUT and phantom combination is rotated about the ear reference point of SAM phantom, which is also assumed to be the location of the phase centre in both angular directions of the measurements.

For some turntables this may be practically impossible in which case a measurement uncertainty contribution can arise because the phase centre will rotate on a non-zero radius about the centre of rotation, thereby giving a variable measurement distance. Data averaging process may lead to a partial self-cancel of this uncertainty.

The following formula is used to estimate this uncertainty contribution in stage 1:


Uphase_center_limits (dB) = 
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If a gain calibration is performed in Stage 2, the uncertainty contribution of calibration antenna's displacement is estimated with the previous formula. Misalignment can be estimated with following formula, 


Umisaligment (dB) = 
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 is the misalignment angle between the calibration antenna and the probe antenna. The contribution shall be added to displacement error:  


Ucal (dB) = 
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For an efficiency calibration with an omnidirectional calibration antenna, the Ucal is calculated similary as for gain calibration but the uncertainty may be divided by factor 2. This is due to correcting impact of data averaging in this type of calibration.

--- End of extract ---
 This MU contribution and each factor in it should also be included in the NR specification. However when we look at the formula above, there is an inconsistency in the formula “Uphase_center_limits”. And also for formula “Umisalignment”, we need to take into consideration of the difference between legacy OTA and NR. We will explain about these issues from next section. Also we show our view on an idea of black box test which must be discussed in RAN4.
2.2 Issue with the formula Uphase_center_limits 
Uphase_center_limits is a formula to express an uncertainty which is caused by a displacement (offset) of a DUT and a calibration antenna when we set them at the axis of rotation at the calibration stage and the measurement stage. Its value is related to a path loss, power and distance. Therefore we can derive it by comparing powers between an ideal position and the one which includes a displacement. 

[image: image5]
Figure 1: Relation among d (distance), surface area of a sphere and power
Suppose the DUT is positioned at a position where it has a displacement d from an axis of rotation, uncertainty of power which is measured at the distance d can be calculated as follows.  
Uphase_center_limits (dB) = 10 log (PB / PA)    


(2.2.1)
Here PA is a power measured on a sphere with radius d when DUT is placed at the ideal position, and PB is at the position with the displacement d. 
As described in Figure 1 above, since the power is proportional with 1/d2, we can also express the formula (2.2.1) as below.
Uphase_center_limits (dB) = 10 log {[k/(d±d)2] / (k/d2)}  = 10 log [d/(d±d)]2  = 10 log (d)2  - 10 log (d±d)2   
 (2.2.2)
Here k is a tentative constant number.
Proposal 1: Uphase_center_limits in TS34.114 and TR25.914 shall be expressed as follows.
Uphase_center_limits (dB) = 10 log (d)2 - 10 log (d±d)2   


(2.2.3)
For comparison in TS34.114, there is a contribution Uphase_center_ at the last formula in A.9.1 and we assume that this contribution means the worst case of Uphase_center_limits .
2.3 Umisaligment for New Radio
Umisaligment can be assumed as a gain-loss caused by directivity of a measurement (probe) antenna and a calibration antenna which is caused by a misalignment of an angle toward an opposite calibration antenna, a measurement antenna, or a DUT antenna.

TS34.114 and TR25.914 only states that this contribution shall be included as a factor of stage 2 (in previous specs, stage 2 was the calibration stage.). However this contribution should be included both in the calibration stage and also a measurement stage because a misalignment of the measurement antenna can happen at both stages as shown in Figure 2 below. Also this is introduced as only a MU contribution for calibration antenna. But a directivity of measurement antenna needs to be considered, too.  
Proposal 2: Umisalignment shall be taken into account in both calibration stage and measurement stage. 
Proposal 3: Umisalignment shall include factors of a calibration antenna and a measurement antenna individually.

[image: image6]
Figure 2: Example of misalignment of antennas

Now when we consider an applicability of the conventional formula Umisaligment to New Radio, we need to change it because both calibration antenna and measurement antenna have gains. Figure 3 shows an example of comparison among 20log (cos θ), 15 dBi horn antenna directivity and 20 dBi horn antenna directivity. There are approximately 0.3 to 0.4dB differences between 20log (cos θ) and 20 dBi antenna in a case when 2-degree-misalignment happens.
Proposal 4: Umisalignment shall be changed from the existing formula (20 log (cos θ) in the NR specification.

A feasibility to apply a uniform formula is FFS because a directivity of antennas depends also on a frequency range, and measurement setup depends on each test house (Antenna gain varies depending on a test setup.)
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Figure 3: Example of horn antenna directivity
2.4 New MU contributions in a case when an antenna position in a DUT is unknown (Black box test approach)
In addition to the previous MU contributions, we introduce new factors which have a big impact on a total MU value.

As introduced in [1], MU contribution “Offset of DUT phase centre from axis of rotation” can be quite large because of a fact that we cannot know the exact position of antennas in a DUT. As shown in Figure 4 below, there can be approximately 10 cm of displacement and 10 degrees of misalignment when we consider a tablet PC as a DUT.


[image: image8] Figure 4: New MU contributions caused by “Black box test approach”
Basically those values can be derived by the same way as discussed in subsection 2.2 and 2.3. However they cannot be removed completely in a case of black box test approach and it is impossible to place one of antennas in the DUT at the correct position. An example of MU estimation value related to black box test approach is as follows. 

Ublackbox (dB) = 
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 ≈ 5.24 dB
Here 5 dB of UDirectivity above can be derived from an example of directivity for 20 dBi gain with 10 degrees misalignment in Figure 3. 

UPath_loss : Uncertainty of path loss caused by an offset of a DUT antenna
UDirectivity : Uncertainty of directivity of measurement antenna

Measurement distance from axis of rotation to measurement antenna : 60 cm

Offset of DUT phase center from axis of rotation : 10 cm 

Gain of measurement antenna : 20 dBi

Misalignment of beam angle : 10 degree  

2.5 Comparison of MU values on “Offset of DUT phase centre from axis of rotation” with black box approach and white box approach 
Table 1 is a comparison of measurement uncertainty values which should be included in “Offset of DUT phase centre from axis of rotation”, with a condition that the test approach is black box or white box. Note that the expanded uncertainty below is only for “Offset of DUT phase centre from axis of rotation”. Here the assumption to derive uncertainty values other than the cell highlighted in yellow is 5 mm antenna displacement and 2 degrees misalignment.
Table 1: Comparison of measurement uncertainty values on “Offset of DUT phase centre from axis of rotation”
	Description of uncertainty contribution
	Probabilistic Distribution
	Divisor
	“Black box approach” 
	“White box approach”

	
	
	
	Uncertainty value[dB]
	Standard uncertainty
[dB]
	Uncertainty value[dB]
	Standard uncertainty
[dB]

	Stage 1: Calibration measurement
	　
	　
	　
	　
	　
	　

	Offset of DUT MU caused by misalignment of calibration antenna
	Rectangular
	1.732
	0.3
	0.17
	0.3
	0.17

	Offset of DUT MU caused by misalignment of measurement antenna
	Rectangular
	1.732
	0.3
	0.17
	0.3
	0.17

	Offset of DUT MU caused by displacement of calibration antenna
	Rectangular
	1.732
	0.07
	0.04
	0.07
	0.04

	Stage 2: DUT measurement
	　
	　
	　
	　
	　
	　

	Offset of DUT MU caused by misalignment of DUT
	Rectangular
	1.732
	0.3
	0.17
	0.3
	0.17

	Offset of DUT MU caused by displacement of DUT
	Rectangular
	1.732
	0.07
	0.04
	0.07
	0.04

	Offset of DUT MU caused by black box test approach
	U-shaped
	1.414
	5.24
	3.71
	0
	0.00

	Total of the uncertainties
(only for offset of DUT phase centre)
	　
	　
	　
	3.72
	　
	0.31

	Expanded uncertainty(1.96*sigma) [dB]
	　
	　
	　
	7.29
	　
	0.60


As you can see above, MU values with black box test is extremely high even though it is only for one MU contribution. Therefore we propose as follows.
Proposal 5: To reduce total measurement uncertainty, RAN4 decide to introduce an idea in a NR specification that a UE vendor shall declare a position of antenna(s) in a DUT. (White box test approach.)


3.
Conclusion
In this paper we showed our view on MU contribution “Offset of DUT phase centre from axis of rotation” to apply it also to a specification for New Radio.
Proposal 1: Uphase_center_limits in TS34.114 and TR25.914 shall be expressed as follows.

Uphase_center_limits (dB) = 10 log (d)2 - 10 log (d±d)2
Proposal 2: Umisalignment shall be taken into account in both calibration stage and measurement stage. 
Proposal 3: Umisalignment shall include factors of a calibration antenna and a measurement antenna individually.
Proposal 4: Umisalignment shall be changed from the existing formula (20 log (cos θ) in the NR specification.

Proposal 5: To reduce total measurement uncertainty, RAN4 decide to introduce an idea in a NR specification that a UE vendor shall declare a position of antenna(s) in a DUT. (White box test approach.)
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