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Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]Recent discussions in 3GPP propose different constant density measurement grids for TRP and EIRP CDF measurements [1][2][3][4]. The required equal spacing of points on a sphere in order to create such a constant density grid is a common problem, which needs to be solved for many different applications. Feasible approaches include the approach from George Marsaglia [5], UV Mapping [1][2][3], and many more (e.g. Fibonacci sphere [3], charged particle approach [6], icosahedron subdivision, etc.).
The question is now which constant density measurement grid with a given parametrisation is the best compromise in terms of number of measurement points (i.e. measurement duration) and uncertainty of TRP measurements. This contribution tries to give an answer to this question using the data of real antenna measurements and provides expected TRP uncertainties for different measurement grids.
Discussion
Evaluation Setup
The pattern of a 4 x 1 dipole array from a previous contribution [4] is used for the subsequent analysis. The measurement grid evaluation uses the following constant density measurement grids:
- Marsaglia 300 [5]
- Marsaglia 30 [5]
- Charged Particle 300 [6]
- Charged Particle 30 [6]
In order to assess the reproducibility of TRP measurements and the corresponding measurement uncertainty of the different measurements grids, the relative orientation of the DUT and the measurement grid was altered randomly. The statistics in terms of TRP variation for each measurement grid are derived from a set of 100,000 random orientations. From the evaluation results of each antenna pattern and measurement grid combination, a histogram was derived showing the average and the standard deviation of the TRP results.
Measurement Results
Figure 1 shows the histogram of 100,000 TRP measurements with different relative orientations between the DUT (4 x 1 dipole array) and a constant density measurement grid with 300 measurement points. The points of the measurement grid are derived from [5].
Figure 2 shows a similar histogram for a constant density measurement grid which is also derived from [5] using only 30 measurement points. It can be seen that the standard deviation increases from 0.10 dB to 0.86 dB when reducing the number of measurement points.
[image: C:\3GPP_Grid_Evaluation_4x1 Dipole Array_Marsaglia_300Points_1Rotations_Histogram.png]
Figure 1: Histogram of TRP measurements using 100,000 random relative orientations between DUT and constant density measurement grid (Marsaglia 300).
[image: C:\3GPP_Grid_Evaluation_4x1 Dipole Array_Marsaglia_30Points_1Rotations_Histogram.png]
Figure 2: Histogram of TRP measurements using 100,000 random relative orientations between DUT and constant density measurement grid (Marsaglia 30).
Observation 1:
Using a constant density measurement grid with a low number of measurement points results in an increased standard deviation of the calculated TRP values when taking all measurements with different relative orientation of the DUT into account.
Figure 3 shows the histogram of 100,000 TRP measurements with a constant density measurement grid with 300 measurement points. The points of the measurement grid are derived using the charged article approach described in [6].
Figure 4 shows a similar histogram for a constant density measurement grid which is also derived from [6] using only 30 measurement points. It can be seen that the standard deviation increases from 0.02 dB to 0.41 dB when reducing the number of measurement points.
Additional grids have also been investigated during the preparation of this contribution (e.g. Fibonacci sphere). Due to the slightly superior performance of the charged particle approach, the results of the additional grids are not part of this contribution.
[image: C:\3GPP_Grid_Evaluation_4x1 Dipole Array_Charged Particle_300Points_1Rotations_Histogram.png]
Figure 3: Histogram of TRP measurements using 100,000 random relative orientations between DUT and constant density measurement grid (Charged Particles 300).
Observation 2:
Among all investigated constant density measurement grids, grids based on the charged particle approach show the lowest standard deviation of TRP measurements.
[image: C:\3GPP_Grid_Evaluation_4x1 Dipole Array_Charged Particle_30Points_1Rotations_Histogram.png]
Figure 4: Histogram of TRP measurements using 100,000 random relative orientations between DUT and constant density measurement grid (Charged Particles 30).
Due to Observation 2, grids based on the charged particle approach were selected for the subsequent analysis. Figure 5 shows the standard deviation of measured TRP values for different grid sizes using the charged particle approach to derive the measurement grid. The number of measurement points varies between 30 and 300 in steps of 5 measurement points. The DUT was the same 4 x 1 dipole array as in the previous measurement results, i.e., Figures 1 through 4.
[image: C:\3GPP_Grid_Evaluation_4x1 Dipole Array_Charged Particle_300Points_1000Rotations_STDvsPoints.png]
Figure 5: Standard deviation of TRP measurement results depending on the number of points of the measurement grid (Charged Particle) for 4 x 1 dipole array.


Observation 3:
The standard deviation of TRP results using a constant density grid decreases rapidly initially and then remains almost constant when increasing the number of measurement points. 

Figure 6 shows similar measurement results for the horn antenna from [4]. We can see that the shape of the curve is similar to Figure 5 but the standard deviation values are significantly higher due to the more directive properties of the antenna. Therefore, in order to reach the same standard deviation for the high gain horn antenna, more measurement points are required.
[image: C:\New folder\3GPP_Grid_Evaluation_Horn Antenna_Charged Particle_300Points_100Rotations_STDvsPoints.png]
Figure 6: Standard deviation of TRP measurement results depending on the number of points of the measurement grid (Charged Particle) for horn antenna.
Observation 4:
The directivity of the DUT antenna has a significant impact on the standard deviation of TRP results for measurement grids with uniform grid density.

Proposal 1:
The number of measurement points for a constant density grid should be selected in a way that is adequate for anticipated NR antenna patterns in terms of TRP measurement uncertainty.
Proposal 2:
RAN4 should agree on a constant density measurement grid with a maximum measurement uncertainty of [TBD] dB. The measurement uncertainty needs to be assessed with a given reference antenna pattern using a similar approach as presented in this contribution.
Conclusion
[bookmark: _Ref473660868][bookmark: _Ref473660708][bookmark: OLE_LINK6][bookmark: OLE_LINK7]This contribution discussed TRP measurement results derived from different measurement grids for two antenna implementations (4 x 1 dipole array and horn antenna). In order to derive statistics and the corresponding measurement uncertainties of the different measurement grids, a set of 100,000 random orientations have been tested.

The following observations have been made:
Observation 1:
Using a constant density measurement grid with a low number of measurement points results in an increased standard deviation of the calculated TRP values when taking all measurements with different relative orientation of the DUT into account.
Observation 2:
Among all investigated constant density measurement grids, grids based on the charged particle approach show the lowest standard deviation of TRP measurements.
Observation 3:
The standard deviation of TRP results using a constant density grid decreases rapidly initially and then remains almost constant when increasing the number of measurement points. 
[bookmark: _GoBack]Observation 4:
The directivity of the DUT antenna has a significant impact on the standard deviation of TRP results for measurement grids with uniform grid density.

The following proposals have been made:
Proposal 1:
The number of measurement points for a constant density grid should be selected in a way that is adequate for anticipated NR antenna patterns in terms of TRP measurement uncertainty.
Proposal 2:
RAN4 should agree on a constant density measurement grid with a maximum measurement uncertainty of [TBD] dB. The measurement uncertainty needs to be assessed with a given reference antenna pattern using a similar approach as presented in this contribution.
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