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1. Introduction

During 3GPP RAN4 #84-bis, UE RF testability discussions mainly focused on the definition of each uncertainty term of the measurement uncertainty budget for the baseline measurement setup. Some terms’ definitions were agreed while for others further studying was needed. Especially the uncertainty associated with the measurement distance was recognized to be requiring some further investigations before removing the TBD.
This contribution provides some simulations results with the aim of understanding the measurement uncertainty associated with the measurement distance – range length.

2. Background
In [1] a baseline measurement system setup has been defined. This setup must be capable of emulating a plane wave at FF distance. If the FF criteria is given by the 2D^2/lambda formula, where D is the whole DUT dimension, the associated measurement distances and free space path losses are reported in Table 1:
	DUT Size [m]
	Freq [GHz]
	FF distance [m]
	System Path Loss [dB]

	0.15
	30
	4.5
	-75

	0.15
	40
	6
	-80


Table 1. FF measurement distance and path loss
Due to the very high path loss (system dynamic range) and the need of large anechoic chambers, RAN4 has been studying a new FF criteria. 
Before estimating what happens to the UE RF requirements such as, for example EIRP and EVM when those will be measured at a shorter distance than the 2D^2/lambda, it is a requirement for the measurement setup to emulate a plane wave with a certain amplitude taper and phase taper at the DUT location [1]. From [2], it is known that 22.5deg is the phase curvature of the plane wave in the QZ when elementary source is used as probe awhen at 2D^2/lambda (FF distance). The effect of phase variation is that the nulls of the pattern are partially filled, and the amplitudes of the side lobes are changed [2] as it is shown in Figure 1:
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Figure 1. Calculated Radiation Patterns Illustrating the Effect of Quadratic Phase Errors Encountered in Measuring Patterns at the Ranges Indicated. A 30 dB Taylor Distribution Is Assumed
Anyway, how to translate this phase variation [deg] in measurement uncertainty [dB] is not defined in literature. 
This can be estimated by using the so called “Transmission formula” [6] given below:
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where [image: image3.png]w(A, y.8.¢)



 is the measured signal, [image: image5.png]


 are the AUT (Antenna under test) Spherical Wave Coefficients (SWC), and [image: image7.png]


 are the probe SWC. This formulation allows to emulate the signal radiated by an AUT and sampled by a receiving probe all over the measurement sphere. From this formulation, the measurement uncertainty due to the measurement distance can potentially be estimated since the phase curvature in the QZ can be seen as [image: image9.png]


 while the UE antenna array pattern as [image: image11.png]


. It shall be noted that the measurement uncertainty due to the measurement distance is seen as UE antenna dependent.

This contribution provides simulations for this approach when using two type of antennas at 30GHz. Estimation of the uncertainty on the EIRP beam pattern and peak EIRP is also provided. 
3. Simulations assumptions
Two antennas were simulated:

1- Dipole antenna at 28GHz embedded in a phone mock up [5] – the measured [5] antenna pattern is used for the simulation
2- 4x2 antenna array at 30GHz -> the array is ideal and implemented in the simulation by placing 8 Huygens sources at 0.7λ spacing
In both cases the FF radiation pattern (infinite distance between Measurement Antenna and AUT) was used as a baseline for the radiation pattern comparison. 
To address the impact of the phase curvature of the field in the QZ to the UE antenna beam pattern, the antennas were tested by a dipole, a SGH and an artificially generated QZ with 0.4dB amplitude ripple, and 7deg phase ripple to represent a generic QZ from a CATR. For the cases where the dipole and SGH are used as sources the simulated range lengths were 45cm, 62.5cm, and 72.5cm while for the artificial CATR QZ, the simulated range lengths were 62.5cm and 72.5cm.
4. Simulation Results
In section 4.1 and 4.2 the simulation results in terms of pattern comparison for the mock up and ideal 4x2 antenna array at 30GHz are highlighted respectively.

4.1 Measured Mock up
In Figure 3, the test case is shown:
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Figure 3. Phone mock up test case
Element 1 in figure 3 is the dipole antenna tested.

In Figures 4 to 10, the simulation results are shown when the range length is set to 45cm, 62.5cm, 72.5cm when both SGH and dipole are used as sources. The simulations for the Simulated QZ are shown just in cases of 62.5cm, and 72.5cm:
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Figure 4. Pattern Comparison – 45cm range length – (a) Phi=0deg, (b) Phi=90deg , (c) Theta=90deg
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Figure 5. Zoom in Pattern Phi=0deg – 45cm range length
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Figure 6. Pattern Comparison – 62.5cm range length – (a) Phi=0deg, (b) Phi=90deg , (c) Theta=90deg
[image: image14.png]dBi

T T
—Reference

—Dipole at R=0.625m

—Simulated QZ at R=0.625m
—SGH at R=0.625m

Now A oo

6 1 1 1 1 1 1 1 1 1 1 1 1
20 30 40 50 60 70 80 20 100 110 120 130 140 150

Theta (°)





Figure 7. Zoom in Pattern Phi=0deg – 62.5cm range length
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Figure 8. Pattern Comparison – 72.5cm range length – (a) Phi=0deg, (b) Phi=90deg , (c) Theta=90deg
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Figure 9. Zoom in Pattern Phi=0deg – 72.5cm range length
It can be observed that there is a max delta of around 2dB which doesn’t decrease if you move from 45cm to 62.5cm while it is around 1dB when you move the dipole and SGH to 72.5cm. As it was expected, the Simulated QZ curve is in good agreement with reference for 62.5, and 72.5cm range lengths.

4.2 Ideal 4x2 antenna array
In figure 10, the test case is shown:
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Figure 10. 4x2 array test case
As it can be seen the 4x2 antenna array has been offset to be at the corner of the DUT.
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In Figures 11 to 16 the simulation results are shown for 45cm, 62.5cm and 72.5cm range lengths. As for the phone mock up the Simulated QZ curves have been only reported for the 62.5, and 72.5cm range lengths.

Figure 11. Pattern comparison – 45cm range length – (a) Phi=0deg, (b) Phi=90deg
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Figure 12. Zoom in Pattern Phi=0deg – 45cm range length 
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Figure 13. Pattern comparison – 62.5cm range length – (a) Phi=0deg, (b) Phi=90deg
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Figure 14. Zoom in Pattern Phi=0deg– 62.5cm range length
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Figure 15. Pattern comparison – 72.5cm range length – (a) Phi=0deg, (b) Phi=90deg
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Figure 16. Zoom in Pattern Phi=0deg – 72.5cm range length 

It can be observed that there is a pointing error of 4deg for the case where the range length is 45cm and the source is a dipole. This error reduces to 2deg when the range length is 62.5cm and 72.5cm. In all the cases, the pointing error would translate in a max delta of 0.5dB.
5. Conclusion

A numerical approach for estimating the measurement uncertainty associated with the measurement distance has been proposed. Simulation results have been also provided for two antenna types. 
It was observed that in case of the phone mock up, the radiation pattern delta is around 2dB while it reduces to 0.5dB for the 4x2 antenna array. In case of the 4x2 antenna array, only the array which dimension is around 3cm, has been simulated. This makes the FF distance (2D^2/lambda) to be  15cm at 30GHz so for our simulation even the dipole and the SGH were considered to be in FF. This is not true for the phone mock up case, the whole device (16cm) was simulated so that SGH and dipole are clearly seen as near field sources.
The above to say that once we have agreed on the approach to be used for estimating the uncertainty, simulation must be run by using UE antenna array which has either been simulated or measured on phone mock up.
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