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1. Introduction
At the last RAN4 meeting (RAN4#86bis in Melbourne) it was suggested to use 1o grid as reference for TRP measurement and error calculation [1].
The variations in radiated fields, and therefore the required angular step for accurate TRP measurement is dependent on the electrical size of the radiation source. For example, 1o angular step can be too dense or too sparse depending on the electrical size of the radiation source. Using the proper angular step can help reducing the measurement time for electrically small radiation sources and reduce the TRP error for electrically large sources.
This contribution discusses the reference angular step which is a function of the electrical size (physical size and frequency) [2, 3]. Different array sizes are used to demonstrate the error in TRP estimation vs. the angular step.
The results presented in this contribution are based on the assumption that the power flux density is measured without error. Eventual errors in power flux density will add to the TRP errors presented herein.

2. Discussion
For a device with dimensions d, w, h defined in Figure 1, the cylindrical and spherical diameters,  and D are given as


For each emission frequency, the reference angular steps   and  in radians are calculated as [2]


In the results presented in this contribution,  is assumed for simplicity.
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[bookmark: _Ref511812845]Figure 1 - Spherical coordinates and device dimensions, depth (d), width(w) and height (h). 

Table I – The four array configurations used in the results.
	Array configuration
	Number of elements
	Frequency (GHz)
	Element spacing (mm)
	D (mm)
	 (deg)

	1
	2x2
	28
	5.9
	25.8
	23.8

	2
	4x4
	28
	5.9
	41.5
	14.8

	3
	8x8
	28
	5.9
	74.2
	8.3

	4
	16x4
	28
	6
	105.2
	5.8



Figures 2-5 shows radiation pattern of 4 different array configurations with broadside beams, plotted with 1 degree resolution and with their respective reference angular step for comparison. The array configurations are summarized in Table I. 
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	Figure 2 – The radiation pattern of array #1, (left) sampled with 1 degree, and (right) with reference angular step
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	Figure 3 – The radiation pattern of array #2, (left) sampled with 1 degree, and (right) with reference angular step
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	Figure 4 – The radiation pattern of array #3, (left) sampled with 1 degree, and (right) with reference angular step
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	Figure 5 – The radiation pattern of array #4, (left) sampled with 1 degree, and (right) with reference angular step



Observation 1: Fine details of the radiation pattern are not detected if it is sampled with the reference angular spacing.
Figure 6 shows the TRP error of the four array configurations calculated with different angular steps. The reference angular step is shown with the vertical dashed line. Different levels of correlation between the array elements are considered to show the effect of correlation on the TRP error.
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	Figure 6 - The TRP error of different array configurations with different correlation levels vs. the angular step. The reference angular step is shown with the vertical dashed line. 



Observation 2: TRP can be accurately calculated with the reference angular step. Increasing the density of the measurement grid will not result in improved TRP but will only increase the measurement time.
Observation 3: The electrical size of the radiation source determines the reference angular step. The level of correlation has no effect on the reference angular step. As a result we do not need to find the positions peaks of the emissions  

3. Conclusion
  Using a grid with reference angular step is enough for accurate error-free TRP estimation based on power flux density measurements. The reference angular step is dependent only on the electrical size of the radiation source (i.e., physical size and the emission frequency) and is not affected by the correlation level. With When sampling with the reference angular step, fine details of the radiation pattern are not observed, but the TRP value is not affected. Using fixed grid spacing can lead to unnecessarily long measurement time for electrically small radiation sources. Moreover, it can lead to wrong TRP estimation in the case of electrically large sources. 
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