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1. Introduction

At RAN4 meetings, different measurement grids for TRP and EIRP CDF measurements have been discussed (e.g. in [1], [2], [3], [4]). The choice of measurement grids has a major influence on the accuracy of OTA TRP measurements and on the validity of EIRP CDF and EIS measurements. In this contribution, we provide TRP and EIRP CDF measurement results for two antennas using different measurement grids which are applicable to EIS CDF as well.
2. Discussion
Measurement Results

For this contribution, the radiation pattern of two different antennas have been measured with a measurement grid resolution of 
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. Figure 1a shows the radiation pattern of a standard gain horn antenna (A-INFO LB-28-20). Figure 1b shows the radiation pattern of a 4x1 dipole antenna array. Similar dipole antenna arrays are likely to be one of the feasible antenna array implementations for NR UEs. Both radiation pattern measurements have been performed at 28 GHz.
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(a)                                                                      (b)
Figure 1: Radiation Pattern of 
(a) Standard Gain Horn Antenna and (b) 4x1 Dipole Antenna Array
Different Measurement Grids
Traditionally, OTA measurements are performed with constant step size measurement grids. Figure 2a shows such a measurement grid and indicates that azimuth and elevation angles are uniformly distributed. Nevertheless, when looking at Figure 2b, which represents the same measurement grid on a sphere, it becomes obvious that the measurement points are not uniformly distributed on the sphere. Instead, we see a high density of measurement points near the poles which influences the measurement results (e.g. EIRP CDF, TRP, etc.) when not taken into account.
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              (a)                                                           (b)
Figure 2: Constant Step Size Measurement Grid as 
(a) Azimuth / Elevation Representation (b) Sphere Representation

Figure 3 shows a different measurement grid where the measurement points are derived with the charged particle approach described in [5]. In azimuth and elevation domain, this results in an irregular distribution of measurement points as shown in Figure 3a. Nevertheless, we can see in Figure 3b that the measurement points are evenly distributed on the surface of the sphere with a constant density.
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              (a)                                                           (b)

Figure 3: Constant Density Measurement Grid as 
(a) Azimuth / Elevation Representation (b) Sphere Representation
Derived TRP Values for Different Measurement Grids
Table 1 shows the TRP measurement results for the standard gain horn antenna using a selection of the previously discussed measurement grids with different number of measurement points. Table 2 shows the same metrics for the 4x1 dipole antenna array. The TRP values for the constant step size measurement grids have been calculated using the following equation from [6]:
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The TRP values for the constant density grids have been calculated using the following equation, where [image: image11.png]


 is the number of measurement points:
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Table 1: TRP Measurement Results for Standard Gain Horn Antenna
	Measurement Grid
	# of Measurement Points
	TRP [dBm]

	Constant Step Size (1 Deg.)
	57600
	16.6

	Constant Step Size (15 Deg.)
	240
	15.5

	Constant Step Size (20 Deg.)
	146
	12.9

	Constant Step Size (30 Deg.)
	60
	11.9

	Constant Step Size (45 Deg.)
	24
	5.6

	Constant Density 240
	240
	16.2

	Constant Density 146
	146
	16.2 

	Constant Density 60
	60
	18.0

	Constant Density 24
	24
	12.6


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

	Constant Step Size (1 Deg.)
	57600
	13.4

	Constant Step Size (15 Deg.)
	240
	13.6

	Constant Step Size (20 Deg.)
	146
	13.3

	Constant Step Size (30 Deg.)
	60
	13.4

	Constant Step Size (45 Deg.)
	24
	11.8

	Constant Density 240
	240
	13.0

	Constant Density 146
	146
	13.0

	Constant Density 60
	60
	13.0

	Constant Density 24
	24
	13.6


When comparing the derived TRP values it becomes obvious that using coarser constant step size grids results in a high deviation of the calculated TRP value. This is especially true for the standard gain horn antenna due to the higher directivity and the resulting smaller beamwidth. Using a constant density grid shows better agreement in calculated TRP values when compared to the extremely fine grid even with a relatively low number of measurement points. 
Observation 1: Constant step size measurement grids are not feasible for measurements that require spherical surface integrations of EIRP or EIS, i.e., TRP or TRS, in NR due to the anticipated beamforming capabilities and directivity of NR UEs.
Observation 2: Constant density measurement grids show good correlation of calculated TRP values even with relatively small number of measurement points.
Derived EIRP CDF Curves for Different Measurement Grids
In the following chapter we want to have a look at the EIRP CDF curves for different measurement grids. Since it is meaningful to use the same measurement grid for TRP and EIRP CDF measurements in order to perform both measurements in a single step, we are using the same grids as for the TRP measurements provided in the previous section.
Observation 3: The same measurement grid should be used for TRP and EIRP CDF measurements in order to minimize needed test time.
Figure 4 shows the EIRP CDF curves of the standard gain horn antenna using a constant step size measurement grid with the horn antenna pointing in 1000 arbitrary directions. It can be seen that the curves show significant different behaviours depending on the relative angle between the measurement grid and the horn antenna resulting in a broad distribution of EIRP CDF curves. This highlights that a different relative orientation between the DUT and the measurement grid highly affects the EIRP CDF curve for a constant step size grid.
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Figure 4: EIRP CDF Curves of Horn Antenna for Constant Step Size Measurement Grid
In comparison, Figure 5 shows the EIRP CDF curves of the standard gain horn antenna using a constant density grid with the same number of measurement points as in Figure 4. The variation of the curves is much smaller compared to the constant step size grid.
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Figure 5: EIRP CDF Curves of Horn Antenna for Constant Density Grid
Figure 6 shows the EIRP CDF curves of the 4x1 dipole antenna array using a constant step size grid. It can be observed that the maximum horizontal variation of the EIRP CDF curves is less than that for the standard gain horn antenna. The reason for this is the almost omnidirectional antenna pattern in yz-plane of the 4x1 dipole antenna array (see the radiation pattern in Figure 1b). Nevertheless, the variation of the EIRP CDF curves is still not negligible. 
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Figure 6: EIRP CDF Curves of 4x1 Dipole Antenna Array
for Constant Step Size Measurement Grid
Figure 7 displays the EIRP CDF curves of the same 4x1 dipole antenna array using a constant density grid with the same number of measurement points. Again, we see that the variation of the curves is much smaller compared to the case of the constant step size grid.
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Figure 7: EIRP CDF Curves of 4x1 Dipole Antenna Array
for Constant Density Grid
Observation 4: Using a constant step size grid is not feasible for CDF evaluation of EIRP values since a theta-dependant correction would be needed to account for the high number of measurement points at the poles.
Observation 5: A measurement grid with constant density is preferable in order to guarantee reproducible measurement results independent of the DUT orientation relative to the measurement grid.
Observation 6: Currently the responsibility of defining the measurement grid is unclear.

Proposal 1: RAN5 is asked to choose one the below options:

a) 
Choice of the measurement grid is to be taken by RAN4.

b) 
A constant density grid is chosen as measurement grid type and defined for OTA TRP and CDF EIRP and EIS measurements by RAN5.
c) 
The choice of the measurement grid is up to the test equipment manufacturer. An upper limit for the measurement uncertainty based on the grid shall be defined by either RAN4 or RAN5.
Proposal 2:

The details of the measurement grid such as the number of grid points depends on the device type and antenna performance, e.g., the directivity and half-power beam width.
Option c) allows for further optimization of the test time by applying, e.g., adaptive measurement grids [4].
3. Summary
This contribution provided radiation pattern measurement results for two different antenna implementations and derived TRP values and EIRP CDF curves for different measurements grids. 
The following observations have been made:
Observation 1: Constant step size measurement grids are not feasible for measurements that require spherical surface integrations of EIRP or EIS, i.e., TRP or TRS, in NR due to the anticipated beamforming capabilities and directivity of NR UEs.
Observation 2: Constant density measurement grids show good correlation of calculated TRP values even with relatively small number of measurement points.

Observation 3: The same measurement grid should be used for TRP and EIRP CDF measurements in order to minimize needed test time.
Observation 4: Using a constant step size grid is not feasible for CDF evaluation of EIRP values since a theta-dependant correction would be needed to account for the high number of measurement points at the poles.
Observation 5: A measurement grid with constant density is preferable in order to guarantee reproducible measurement results independent of the DUT orientation relative to the measurement grid.

Observation 6: Currently the responsibility of defining the measurement grid is unclear. 

Proposal 1: RAN5 is asked to choose one the below options:

a) 
Choice of the measurement grid is to be taken by RAN4.

b) 
A constant density grid is chosen as measurement grid type and defined for OTA TRP and CDF EIRP and EIS measurements by RAN5. 
c) 
The choice of the measurement grid is up to the test equipment manufacturer. An upper limit for the measurement uncertainty based on the grid shall be defined by either RAN4 or RAN5.
Proposal 2:

The details of the measurement grid such as the number of grid points depends on the device type and antenna performance, e.g., the directivity and half-power beam width.
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