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1. Introduction

During the last RAN4 meetings, there have been discussions about sampling grid to be used for TRP computation. Specifically, two types of measurement grids have been compared, uniform and constant density. 
This contribution highlights the TRP uncertainty versus the sampling grid when using a uniform measurement grid. Results are presented for three types of beam pattern.

2. Background
During the past meetings, contributions about TRP uncertainty versus sampling grid have been presented. Specifically, two types of measurement grids have been compared, uniform and constant density. The latter was indicated to be the good choice when computing the TRP from an UE antenna array beam-type at mm-Wave. In [1], results of the TRP uncertainty versus the number of points when using a constant density grid was presented for a 4x1 antenna array type. It was then proposed to use a constant density grid and abandon the uniform grid. Unfortunately, results for the uniform grid where missing. This contribution provides results for the TRP uncertainty vs sampling grid when uniform grid is used and TRP is computed for typical UE antenna arrays such as 4x1 and 8x1. TRP uncertainty was also estimated for more directive beam pattern than the 4x1, and 8x1 array. As was expected, the higher the directivity, the finer the sampling grid required to have the same TRP uncertainty.
3. Results
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Figure 1 shows the beam pattern which have been considered for computing TRP:
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Figure 1. 3D Beam patterns – (a) 4x1 antenna array (b) 8x1 antenna array (c) SGH – 25dBi (d) Standard Horn – 13dBi
Due to the fact that a uniform measurement grid (constant step size in theta and phi) is used for simulating/measuring EIRP, TRP has been calculated by using the following:
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Where N is the number of angular intervals in the nominal theta range from 0 to π and M is the number of angular intervals in the nominal phi range from 0 to 2 π. 
In this contribution we are interested in the TRP uncertainty versus the sampling grid. The TRP calculated on a full sphere pattern measured with 1deg steps in both theta, and phi is considered as a reference.
Figures 2, and 3 show how the beam pattern changes when increasing the step in both Theta and Phi from 1deg – reference to 30deg for the 4x1 antenna array beam pattern.
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                                             (e)                                                                                           (f)

Figure 2. 4x1 antenna array 3D beam pattern vs sampling grid – (a) 1deg-reference, (b) 5deg, (c) 10deg, (d) 15deg, (e) 20deg, (f) 30deg
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Figure 3. 4x1 antenna array 1D beam pattern vs sampling grid
Figures 4, and 5 show how the beam pattern changes when increasing the step in both Theta and Phi from 1deg – reference to 30deg for the SGH beam pattern.
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Figure 4. SGH beam pattern vs sampling grid – (a) 1deg-reference, (b) 5deg, (c) 10deg, (d) 15deg, (e) 20deg, (f) 30deg 
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Figure 5. SGH 1D beam pattern vs sampling grid 

It can be observed that the shape of the pattern is impacted by the sampling grid. As expected, this would determine an error in the TRP integral (uncertainty) which is higher for the SGH than 4x1 antenna array due to the difference in directivity.
4. TRP uncertainty vs sampling grid

Figure 6 shows the uncertainty curves vs sampling grid for the beam patterns in Figure 1:
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Figure 6. Uncertainty curves vs sampling grid

In table 1, the TRP uncertainty versus the sampling grid is also reported:

	Sampling grid
	1deg - reference
	5deg
	10deg
	15deg
	20deg
	30deg

	Number of points
	64800
	2592
	648
	288
	162
	72

	Antenna Array Type 4x1 – 9dBi
	0
	0.048
	0.07
	0.11
	0.17
	0.48

	Antenna Array Type 8x1 – 12dBi
	0
	0.04
	0.1
	0.2
	0.18
	1.17

	SH4000 at 28GHz - 14dBi
	0
	0.03
	0.12
	0.33
	0.5
	1.53

	SGH1000 at 15GHz - 25dBi
	0
	0.51
	1.73
	6.28
	7.62
	10.57


Table 1. TRP Uncertainty versus sampling grid
It can be observed that in case of 4x1 and 8x1 antenna array, a sampling grid of 20deg, 162 points would determine an uncertainty on TRP calculation of less than 0.2dB. This uncertainty needs to be added to the MU budget for TRP type of measurements regardless the test methods being used for EIRP measurements.
5. Conclusion

This contribution has reported the TRP uncertainty versus sampling grid when measuring full sphere EIRP with using uniform measurement grid. Specifically, it was shown that 20deg sampling grid would translate in a 0.2dB uncertainty on TRP for the cases of 4x1, and 8x1 antenna array beam pattern. 
Observation: Uniform measurement grid can be used for EIRP type of measurement for UE antenna array.
Proposal: The uncertainty due to the sampling grid, either uniform or constant density shall be added to the MU budget for TRP measurements.
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