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1.
Introduction
In this contribution we discuss an applicability of DUT turnover measurement uncertainties (MUs) to spurious emission TRP measurement. And we also discuss on assumptions to derive the DUT turnover MU.
2.
Discussion
 For a definition of DUT turnover, refer to the associated paper [1]. 
2.1
Consideration of relationship between DUT turnover MU and TRP
 As described in the associated paper [1], test cases which require DUT turnover are beam peak search, spherical coverage and spurious emission measurements. From now we consider a factor of this MU focusing on the case for the spurious emission measurement (TRP). For offset errors of a DUT in an IFF chamber, we assume that these errors do not become a factor of the MU just same as the case of repositioning MU. Therefore remaining factor is an error with direction of rotation which corresponds to each axis. Figure 2.1-1 and 2.1-2 show images with rotational error around axes and total TRP measurement results.

Observation 1: A factor of the DUT turnover MU is an error with direction of rotation which corresponds to each axis. 

Also compared with DUT repositioning procedure, we expect that an accuracy of a DUT placement after turning over the DUT becomes harder if we consider a complexity to align rotational direction between front and back faces. 

Observation 2: Accuracy of DUT placement becomes harder with the DUT turnover procedure than DUT repositioning. Therefore DUT turnover MU cannot be negligible.
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Figure 2.1-1: Example of DUT turnover with rotational errors

	(i) TRP without alignment errors 
	(ii) TRP with alignment errors around x/y axes 

	[image: image1.png]


[image: image20.png]04z 0a
a1 a0
a0 a1
049 -0a
074 074
) o0y





[image: image2]
	[image: image21.png]a1

210

074

o1

210




[image: image22.png]o71s

01

010

a7t

o71s

a7t

o71s

a7t

10





[image: image3]


Figure 2.1-2: 2D images of total TRP measurement results

If we see an alignment of a DUT on a positioner which is described in TR 38.810 Annex C.2 [3], we can separate them in two cases, (a) Alignment Option 2 or (b) Option 1 and 3.

(a)  Assumptions of DUT turnover MU factors with Alignment Option 2
Alignment Option 2 is a case in which a DUT is laid on a fixture of a positioner. In this case since the surface of the DUT (either front or rear face) is fixed on a positioner, we assume that there is not a possibility that errors around x and y axes would occur after the DUT is turned over unless the DUT has an uneven shape, for example a camera lens slightly sticking out from a rear cover of a UE, or a slim laptop PC with an uneven thickness. 
Observation 3: For Alignment Option 2, there is not a possibility that errors around x and y axes would occur after the DUT is turned over unless the DUT has an uneven shape.

Anyway if we suppose that surfaces of the front and rear cover can be fixed properly by utilizing a kind of a customized adapter, we assume that the measured TRP results of both hemispheres can be integrated without any overlapping or lacking areas. And a remaining rotational error will be only the error around z axis. Simulation results with regard to the rotational errors and corresponding measurement grids are studied later.
(b)  Assumptions of DUT turnover MU factors with Alignment Option 1 and 3
 Alignment Option 1 and 3 are cases in which an edge of the UE is facing a fixture of a positioner. Of course an existence of errors around x and y axes depends on a structure of a fixture to hold the DUT. But there is a possibility that we need to take into account at least either of the error around x or y axis especially with the combined-axes type positioner, described in Annex C.3 in TR 38.810 [3].
Observation 4: In cases of Alignment Option 1 and 3, we need to take into account of an alignment error at least either of around x or y axis, with the one around z axis.

Therefore with considerations (a) and (b) above, we assume that the MU value of the DUT turnover varies depending on the alignment options.

Observation 5: DUT turnover MU for spurious emission TRP varies depending on the alignment of the DUT which is fixed on a positioner. 
2.2
Consideration on measurement grids related MUs with errors around axes
 Now we study on the influence of errors around axes which occurs after turning over the DUT by simulating the corresponding measurement grids. As described in sub-clause 2.1 (a) and (b) above, we suppose these errors occur mainly by two causes.
1) Error due to an uneven shape of the DUT, for example a camera lens slightly sticking out from a rear cover of a UE, or a slim laptop PC with an uneven thickness.
2) Error simply caused by a misalignment of placement when turning over the DUT.  
Anyway we evaluated TRP errors (Std Dev, Mean Error, Max Error) for the grids with following manipulations.

· Grid points of θ > π/2 are rotated by zrot =  xrot = yrot = A (simulation parameter)

· Grid points of θ > π/2 are rotated by zrot = A (simulation parameter), xrot = yrot = 0 [deg]

· Same evaluation method as is defined in 38.810 applies, except that distorted grid is used.

· For constant step size grid, sin(theta) weighting is derived from the theta of original (non-distorted) grids.
Figure 2.2-1 to 2.2-4 show images of distorted grids. And Figure 2.2-5 to 2.2-16 show simulation results with conditions above. Grids coloured in white describe an ideal position if there are no rotational errors.
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Figure 2.2-1: Distorted constant step size grid, xrot= yrot= zrot = 10 [deg]
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Figure 2.2-2: Distorted constant step size grid, Constant Step, zrot= 10, xrot= yrot= 0 [deg]
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Figure 2.2-3: Distorted constant density grid, xrot= yrot= zrot= 10 [deg]
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Figure 2.2-4: Distorted constant density grid, zrot= 10, xrot= yrot= 0 [deg]
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Figure 2.2-5: In-band constant density grid 1 (2x8 HPW= 260o, 130o D/= 0.5)
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Figure 2.2-6: In-band constant density grid 2 (2x8 HPW= 260o, 130o D/= 0.5)
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Figure 2.2-7: In-band constant step size grid 1 (2x8 HPW= 260o, 130o D/= 0.5)
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Figure 2.2-8: In-band constant step size grid 2 (2x8 HPW= 260o, 130o D/= 0.5)
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Figure 2.2-9: 2nd harmonic of constant density grid 1 (2x8 HPW= 260o, 130o D/= 1.0)
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Figure 2.2-10: 2nd harmonic of constant density grid 2 (2x8 HPW= 260o, 130o D/= 1.0)
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Figure 2.2-11: 2nd harmonic of constant step size grid 1 (2x8 HPW= 260o, 130o D/= 1.0)
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Figure 2.2-12: 2nd harmonic of constant step size grid 2 (2x8 HPW= 260o, 130o D/= 1.0)
[image: image16.png]Std. dev, Meanerror [dB]

o
=

°
o

o
=

o
w

o
o

o
=

o

S
2

TRP MU impact from non-ideal turn over
(Constant Density, 10pt, Non-2nd Harmonic, xrot=yrot=

zrot=A)

A

yd

e

==Std. Dev
—#—Mean Error




Figure 2.2-13: Non- 2nd harmonic of constant density grid 1 (1x1 HPW=90o D/=0.5)
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Figure 2.2-14: Non- 2nd harmonic of constant density grid 2 (1x1 HPW=90o D/=0.5)
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Figure 2.2-15: Non- 2nd harmonic of constant step size grid 1 (1x1 HPW=90o D/=0.5)
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Figure 2.2-16: Non- 2nd harmonic of constant step size grid 2 (1x1 HPW=90o D/=0.5)
 Several observations are made from results above.
Observation 6: Comparing a delta of standard deviation values with the 0 degrees’ rotational error, rotational errors around x, y, and z axes have impacts on TRP measurement result.
Observation 7: Impact from rotation around z axis is ignorable for constant step size grid.
Observation 8: Rotation around z axis is not ignorable for constant density grid since the nature of “constant density” is lost.
 Analyzing the obtained results above and also considering a simplicity of DUT turnover MU, balance between an impact to the total MU values and achievable rotational error, adding 0.1 dB as DUT turnover MU looks reasonable. Corresponding rotational error is approximately +/- 3 degrees with all the frequency condition (in-band, 2nd harmonic, non-2nd harmonic). 
Observation 9: Considering a simplicity of DUT turnover MU, and also a balance between an impact to the total MU values and achievable rotational error, adding 0.1 dB as DUT turnover MU is appropriate. 
Proposal 1: For spurious emission measurement, set MU values of DUT turnover as 0.1 dB for in-band, 2nd and non-2nd harmonic frequency region.  
 Table 2.2-1 shows corresponding MU values if root square summed with TRP grid MUs.

Table 2.2-1: TRP grid MU with DUT turnover MU

	
	TRP grid MU without DUT turnover [dB]
	TRP grid MU with 0.1 dB DUT turnover MU[dB] 

	In-band
	0.25 
	0.27

	Non 2nd harmonic
	0.43 (Note 1)
	0.44

	2nd harmonic
	0.32
	0.34

	Note 1: Tentative value which is under discussion among TE vendors.


2.3
Assumption 
	#1
	Assumption 
	Description

	#2
	Frequency ranges under consideration
	6 GHz to 87GHz

	#3
	Size of QZ for IFF
	<= 30 cm

	#5
	Power range for EIRP measurements considered at the conducted reference plane
	N/A

	#6
	Temperature variation impact
	N/A 

	#7
	UE power class
	N/A

	#9
	Characterization for QoQZ for spurious measurements
	N/A




3. Conclusion
In this contribution we discussed an applicability of DUT repositioning / turnover measurement uncertainties (MUs) to various test metrics, mainly for spurious emission TRP measurement. And we also discussed on assumptions to derive DUT turnover MU. 

Observation 1: A factor of the DUT turnover MU is an error with direction of rotation which corresponds to each axis. 

Observation 2: Accuracy of DUT placement becomes harder with the DUT turnover procedure than DUT repositioning. Therefore DUT turnover MU cannot be negligible.
Observation 3: For Alignment Option 2, there is not a possibility that errors around x and y axes would occur after the DUT is turned over unless the DUT has an uneven shape.

Observation 4: In cases of Alignment Option 1 and 3, we need to take into account of an alignment error at least either of around x or y axis, with the one around z axis.

Observation 5: DUT turnover MU for spurious emission TRP varies depending on the alignment of the DUT which is fixed on a positioner. 

Observation 6: Comparing a delta of standard deviation values with the 0 degrees’ rotational error, rotational errors around x, y and z axes have  impacts on TRP measurement result.

Observation 7: Impact from rotation around z axis is ignorable for constant step size grid.

Observation 8: Rotation around z axis is not ignorable for constant density grid since the nature of “constant density” is lost.
Observation 9: Considering a simplicity of DUT turnover MU, and also a balance between an impact to the total MU values and achievable rotational error, adding 0.1 dB as DUT turnover MU is appropriate.
Proposal 1: For spurious emission measurement, set MU values of DUT turnover as 0.1 dB for in-band, 2nd and non-2nd harmonic frequency region.  


4.
References

[1] R5-195912, “DUT repositioning and its relations with QoQZ for OTA measurement”, Anritsu, RAN5 #84, Ljubljana
[2] R5-190387, “On MU Element for DUT Repositioning”, Keysight Technologies, RAN5 #4-5G-NR Adhoc, Singapore
[3] TR 38.810, “Study on test methods”, V16.3.0, 2019-06

Hemisphere 1





Hemisphere 2





z





Hemisphere 1





Hemisphere 2





z








Page 1

