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Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]At previous RAN4 meetings, different measurement grids for TRP and EIRP CDF measurements have been discussed (e.g. in [1] and [2]). In this contribution we want to continue the discussion on this topic by providing TRP and EIRP CDF measurement results for two antennas using different measurement grids which are applicable to TRS and EIS CDF as well. 
Discussion
Measurement Results
For this contribution, the radiation pattern of two different antennas have been measured with a measurement grid resolution of. 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 implementation for NR UEs. 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
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 distributed uniformly on the sphere. Instead we see a high density of measurement points at the poles which influences the measurement results (e.g. EIRP CDF, TRP, etc.) when not taken into account.
 [image: C:\3GPP_Grid_Evaluation__GridAzimuthElevation_Constant Step (15 Deg).png][image: C:\3GPP_Grid_Evaluation__Grid3DSphere_Constant Step (15 Deg).png]
              (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 approach described in [3]. 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.
[image: C:\3GPP_Grid_Evaluation__GridAzimuthElevation_Constant Density 100.png][image: C:\3GPP_Grid_Evaluation__Grid3DSphere_Constant Density 100.png]
              (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 [4]:

The TRP values for the constant density grids have been calculated using the following equation, where  is the number of measurement points:


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 (30 Deg.)
	60
	11.9

	Constant Step Size (45 Deg.)
	24
	5.6

	Constant Density 300
	301
	16.5

	Constant Density 100
	109
	16.5

	Constant Density 50
	45
	19.0

	Constant Density 20
	25
	21.1




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 (30 Deg.)
	60
	13.4

	Constant Step Size (45 Deg.)
	24
	11.8

	Constant Density 300
	301
	13.0

	Constant Density 100
	109
	13.0

	Constant Density 50
	45
	13.3

	Constant Density 20
	25
	13.1



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 very 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 measurements 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 different constant step size measurement grids. It can be seen that the curves show significant different behaviours depending on the resolution of the used measurement grid. Additionally, using a different relative orientation of the DUT and the measurement grid highly affects the EIRP CDF curve. Nevertheless, this effect shall not be within the scope of this contribution since it was already discussed in [1].
[image: C:\3GPP_Grid_Evaluation_Horn Antenna_CDF_ThetaPhi.png]

Figure 4: EIRP CDF Curves of Horn Antenna for Constant Step Size Measurement Grids
In comparison, Figure 5 shows the EIRP CDF curves of the standard gain horn antenna using constant density grids with different number of measurement points. Interestingly, reducing the number of measurement points that is used to derive the EIRP CDF seems to have little influence on the general curve shape. Especially, meaningful percentile points discussed in other contributions are almost constant independent of the used measurement grid.
[image: C:\3GPP_Grid_Evaluation_Horn Antenna_CDF_Density.png]
Figure 5: EIRP CDF Curves of Horn Antenna for Constant Density Grids
Figure 6 shows the EIRP CDF curves of the 4x1 dipole antenna array using different constant step size grids. It can be seen that the difference of the EIRP CDF curve between the measurement grids is less than 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 as can be seen in the radiation pattern in Figure 1b. Nevertheless, the variation of the EIRP CDF curves is still not negligible. Figure 6 shows deviations of up to 3 dB.
[image: C:\3GPP_Grid_Evaluation_4x1 Dipole Array_CDF_ThetaPhi.png]
Figure 6: EIRP CDF Curves of 4x1 Dipole Antenna Array
for Constant Step Size Measurement Grids
In comparison, Figure 7 shows the EIRP CDF curves of the same 4x1 dipole antenna array using different constant density grids. Again, we see little differences in the shape of the CDF curve for different number of measurement points.
Observation 4: Using a constant step size grid is not feasible for CDF evaluation of EIRP values since a theta-dependant correction factor 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.
[image: C:\3GPP_Grid_Evaluation_4x1 Dipole Array_CDF_Density.png]
Figure 7: EIRP CDF Curves of 4x1 Dipole Antenna Array
for Constant Density Grids
[bookmark: _GoBack]The next step is the investigation of adaptive grids based on the constant density grid approach.
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 very 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 factor would be needed to account for the high number of measurement points at the poles.
[bookmark: _Ref473660868][bookmark: _Ref473660708][bookmark: OLE_LINK6][bookmark: OLE_LINK7]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.
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