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Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]At the previous RAN4 NR ad-hoc meeting in Nagoya, different measurement grids for TRP and EIRP CDF measurements have been discussed and analysed, e.g. in [1] and [2] in the UE RF session. In this contribution we want to continue the discussion on feasible measurement grids by investigating how to reduce the number of needed test points further. For this purpose adaptive measurement grids are introduced. For the evaluation of the measurement grids, the same two measured antenna patterns in [2] have been used.
Discussion
Measurement Results
This contribution uses the same antennas as in [2]. The antenna patterns have been measured with a measurement grid resolution of. Figure 1 shows the radiation pattern of both antennas. Both radiation pattern measurements have been performed at 28 GHz.
[image: C:\3GPP_Grid_Evaluation_Horn Antenna_3D.png][image: C:\3GPP_Grid_Evaluation_4x1 Dipole Array_3D.png]
(a)                                                                      (b)
Figure 1: Radiation Pattern of 
(a) Standard Gain Horn Antenna and (b) 4x1 Dipole Antenna Array

Different Measurement Grids
Figure 2 shows a constant density measurement grid, Constant Density 100, where 109 measurement points are derived with the approach described in [3]. In azimuth and elevation domain, this results in an irregular distribution of measurement points as shown in Figure 2a. Nevertheless, we can see in Figure 2b that the measurement points are evenly distributed on the surface of the sphere with a constant density.
[image: C:\3GPP_Grid_Evaluation__GridAzimuthElevation_Constant Density 100.png][image: C:\3GPP_Grid_Evaluation__Grid3DSphere_Constant Density 100.png]
              (a)                                                           (b)
Figure 2: Constant Density Measurement Grid as 
(a) Azimuth / Elevation Representation (b) Sphere Representation
In order to further decrease the number of measurement points without increasing the measurement uncertainty noticeably, the use of adaptive measurement grids was evaluated in this contribution. 
It should be noted that this analysis is a post-processing approach of known/measured antenna patterns to determine the effectiveness of adaptive measurement grids. An adaptive density measurement grid adjusts the distribution density of the measurement points according to the absolute level of measured antenna gain. If this approach is considered suitable for FR2 measurement grids, suitable algorithms that can be applied during the pattern measurements could be investigated next.
Figure 3 shows two different constant density grids which can be combined in an adaptive density grid by using the normalized gain as transition criteria which is indicated by the blue (gain is more than 15dB below the peak gain) and white (gain is less than 15dB below the peak gain) regions.
[image: C:\3GPP_Grid_Evaluation_Horn Antenna_MeasPoints300_AdaptiveGridComparison.png][image: C:\3GPP_Grid_Evaluation_Horn Antenna_MeasPoints30_AdaptiveGridComparison.png]
    (a)                                                                      (b)
Figure 3: Adaptive Density Measurement Grid consisting of
(a) Constant Density 300 Grid and (b) Constant Density 30 Grid
Figure 4 shows such a sample adaptive measurement grid with the two measurement point densities from Figure 3a (Constant Density 300) and Figure 3b (Constant Density 30) combined into one, Adaptive Density 40. The normalized gain of the horn antenna from Figure 1a is used to determine the transition between the two density regions. In this example, a normalized gain threshold of -15 dB is used. 
[image: C:\3GPP_Grid_Evaluation_Horn Antenna_MeasPoints41_TRP16.3443_AdaptiveGrid.png]
Figure 4: Adaptive Density Measurement Grid showing two Density Regions with a total of 41 Measurement Points
Another measurement grid for the horn antenna from Figure 1a with a total number of 25 measurement points is shown in Figure 5. The measurement grid was created from two constant density measurement grids, Constant Density 300 and Constant Density 10. As in the previous example, a normalized gain threshold of -15 dB is used to determine the transition between the two initial constant density grids.
[image: C:\3GPP_Grid_Evaluation_Horn Antenna_MeasPoints25_TRP16.1164_AdaptiveGrid.png]
Figure 5: Adaptive Density Measurement Grid showing two Density Regions with a total of 25 Measurement Points
Figure 6 shows an adaptive measurement grid for the 4x1 dipole antenna array from Figure 1b. Similar to the previously shown adaptive measurement grids, two regions of different densities have been used, Constant Density 300 and Constant Density 10. Compared to the horn antenna, the 4x1 dipole antenna array is less directive. Therefore, a normalized gain threshold of -4 dB is used to determine the transition between the two initial constant density grids. Using a threshold value of -15 dB will also allow accurate TRP measurements, but will lead to a larger number of measurement points since the normalized gain threshold will only be exceeded for a small area of the antenna pattern.
[image: C:\3GPP_Grid_Evaluation_4x1 Dipole Array_MeasPoints42_TRP13.0087_AdaptiveGrid.png]
Figure 6: Adaptive Density Measurement Grid showing two Density Regions with a total of 42 Measurement Points

Since the 4x1 dipole antenna array has less directivity, it is possible to further reduce the number of needed measurement points. Figure 7 shows another adaptive measurement grid using two different density regions, Density 50 and Density 10. The same normalized gain threshold as for the previous measurement grid is used (-4 dB).
[image: C:\3GPP_Grid_Evaluation_4x1 Dipole Array_MeasPoints13_TRP12.8869_AdaptiveGrid.png]
Figure 7: Adaptive Density Measurement Grid showing two Density Regions with a total of 13 Measurement Points
Derived TRP Values for Different Measurement Grids
Table 1 shows the TRP measurement results for the standard gain horn antenna using a selection of constant density measurement grids which are already discussed in [2]. Additionally, the adaptive measurement grids from the previous section (Figure 4 and Figure 5) are shown in comparison. Table 2 shows the same metrics for the 4x1 dipole antenna array using the measurement grids from Figure 6 and Figure 7.
The TRP values for the constant density grids have been calculated using the following equation, where  is the number of measurement points:

The TRP values for the adaptive density grids have been calculated by weighting each measurement point with the density of the corresponding grid.

Table 1: TRP Measurement Results for Standard Gain Horn Antenna
	Measurement Grid
	# of Measurement Points
	TRP [dBm]

	Constant Density 300
	301
	16.5

	Constant Density 100
	109
	16.5

	Constant Density 50
	45
	19.0

	Constant Density 20
	25
	21.1

	Adaptive Density 40
	41
	16.3

	Adaptive Density 25
	25
	16.1





Table 2: TRP Measurement Results for 4x1 Dipole Antenna Array
	Measurement Grid
	# of Measurement Points
	TRP [dBm]

	Constant Density 300
	301
	13.0

	Constant Density 100
	109
	13.0

	Constant Density 50
	45
	13.3

	Constant Density 20
	25
	13.1

	Adaptive Density 40
	42
	13.0

	Adaptive Density 10
	13
	12.9



When comparing the derived TRP values it becomes obvious that using a constant density grid with less measurement points results in a significant deviation of the calculated TRP value for the standard gain horn antenna. The reason for is the higher directivity and the resulting smaller beamwidth. In this case, using an adaptive density measurement grid shows better agreement in calculated TRP values even with a relatively low number of measurement points. For antennas with lower gain, e.g., 4x1 dipole antenna array, this effect is non existing.
Observation 1: Adaptive density measurement grids show very good correlation of calculated TRP values even with very small number of measurement points.
Observation 2: Adaptive density measurement grids are especially beneficial for antennas with a relatively high gain.

Summary
This contribution discussed the radiation pattern measurement results for two different antenna implementations from [2] and derived TRP values for different adaptive measurement grids in comparison to the constant density measurement grids introduced in [2].
The following observations have been made:
[bookmark: _Ref473660868][bookmark: _Ref473660708][bookmark: OLE_LINK6][bookmark: OLE_LINK7]Observation 1: Adaptive density measurement grids show very good correlation of calculated TRP values even with very small number of measurement points.
Observation 2: Adaptive density measurement grids are especially beneficial for antennas with a relatively high gain.
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