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Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]Different options regarding the selection of a measurement grid for TRP measurements have been discussed in previous meetings. The WF on NR MU and test tolerance from 3GPP TSG-RAN WG4 AH-1801 lists several options [1]. TRP measurement uncertainties for constant density measurement grids with different number of measurement points have been already discussed in [2].
This contribution goes one step back and compares constant step size measurement grids and constant density measurement grids with the help of the simulated 8 x 2 patch antenna array pattern from [3].
Discussion
Evaluation Setup
The same pattern of a simulated 8 x 2 patch antenna array as in [3] has been used for the subsequent analysis. Table 1 and Table 2 show the adapted equations from [4] that are used to calculate the UE antenna patterns.
Table 1: Single Antenna Element Radiation Pattern
	Antenna element horizontal radiation pattern
	
, Am =30 dB

	Horizontal half-power beamwidth of single element
	according to wanted element gain (e.g. 260° for 5 dBi element gain)

	Antenna element vertical radiation pattern
	
, SLAv =30 dB

	Vertical half-power beamwidth of single array element 
	according to wanted element gain (e.g. 130º for 5 dBi element gain)

	Array element radiation pattern
	


	Element gain without antenna losses
	GE,max = 1.5 dBi or 5 dBi




Table 2: Composite Antenna Array Radiation Pattern
	
Composite array radiation pattern in dB 
	

the super position vector is given by:


the weighting is given by:



	Antenna array configuration (Row×Column)
	8 × 2

	Horizontal radiating element spacing dh/λ
	0.5

	Vertical radiating element spacing dv/λ
	0.5



This contribution only focuses on measurement grids for in-band TRP measurements. Measurement grids for spherical coverage measurements (i.e. EIRP CDF) are discussed in contribution [3].
In order to assess the reproducibility of TRP measurements and the corresponding measurement uncertainty of the different measurement 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 10000 random orientations.
Figure 1 shows the composite antenna pattern of an 8 x 2 patch antenna array with an average antenna element gain of 5 dBi where the beam is steered in boresight direction. This EIRP pattern with a TRP value of 0 dBm is used throughout the subsequent analyses.
[image: C:\3GPPApril\180405_1816173GPP_Grid_Evaluation_February_Simulated Grid_8x2_5dBElementGain_0DegAzimuth_15.4459dBTotalGain__3D.png]
Figure 1: Radiation pattern of 8 x 2 patch antenna array steering the beam in boresight direction.


Measurement Results
Figure 2 shows a histogram of TRP measurement results for a constant step size measurement grid with a step size of 15 degrees (i.e. 264 measurement points). The histogram of the TRP values is derived from 10000 random orientations of the antenna array relative to the measurement grid. The mean and the standard deviation of the TRP results are in an acceptable range. Nevertheless, some outliers are present almost 1 dB below the expected TRP value of 0 dBm.
Observation 1:
Constant step size measurement grids produce outliers which underestimate the real TRP value even in cases where the statistics show an acceptable mean value and standard deviation.
[image: C:\3GPPApril\180403_190132_3GPP_Grid_Evaluation_February_Simulated Grid_Constant Step Size_264Points_10000RotationsPoleRandom_Histogram.png]8
Figure 2: Histogram of TRP measurement results for a constant step size measurement grid
with a step size of 15 degrees.
Figure 3 shows a similar histogram for the same measurement grid with 15 degrees step size. In this case the peak of the antenna array pattern is directed to one pole of the measurement grid. The histogram of TRP values in this case is derived from 10000 random orientations while keeping the beam peak always directed to one pole of the measurement grid. Therefore, only random orientations along the axis of the poles are introduced. This approach reduces the standard deviation of the TRP results almost completely. Nevertheless, this approach introduces a significant offset of 0.95 dB when comparing the mean TRP value of the histogram to the expected TRP value of 0 dBm.

[image: C:\3GPPApril\180403_182845_3GPP_Grid_Evaluation_February_Simulated Grid_Constant Step Size_264Points_10000RotationsPole_Histogram.png]
Figure 3: Histogram of TRP measurement results for a constant step size measurement grid
with 15 degrees step size, where the beam peak is always directed to one pole of the measurement grid.
Figure 4 shows a histogram for a constant step size measurement grid with 10 degrees step size. Similar to Figure 3, the peak of the antenna array pattern is always directed to one pole of the measurement grid for all random orientations along the remaining rotational axis. The decreased step size of the measurement grid also decreases the offset of the measured TRP values from 0.95 dB in Figure 3 to 0.29 dB in Figure 4.
Observation 2:
When the peak beam is directed to the pole of a constant step size measurement grid, the TRP value is underestimated. The difference between the real TRP and the measured value depends on the antenna pattern of the DUT and the step size of the measurement grid.
[image: C:\3GPPApril\180403_185309_3GPP_Grid_Evaluation_February_Simulated Grid_Constant Step Size_612Points_10000RotationsPole_Histogram.png]
Figure 4: Histogram of TRP measurement results for a constant step size measurement grid
with 10 degrees step size, where the beam peak is always directed to one pole of the measurement grid.
Figure 5 shows another histogram for a measurement grid with a step size of 15 degrees (i.e. 264 measurement points). In this case the peak of the antenna array is always directed to one measurement point at the equator of the constant step size measurement grid. This approach reduces the standard deviation and the offset significantly. Other than being a well understood grid for omnidirectional antenna patterns, the constant step size grid has the advantage that tests could be optimized for speed, e.g., with the use of continuously moving positioners. On the other hand, beams with lobes with larger EIRPs in unintentional (side) directions will experience higher uncertainties [3]. For constant density grids, the intentional or unintentional beam peak directions do not need to be known before starting the TRP measurement.
Observation 3:
When the beam peak is directed to the equator of a constant step size measurement grid, the measurement uncertainty decreases significantly.

[image: C:\3GPPApril\180403_184308_3GPP_Grid_Evaluation_February_Simulated Grid_Constant Step Size_264Points_10000RotationsEquator_Histogram.png]
Figure 5: Histogram of TRP measurement results for a constant step size measurement grid
with 15 degrees step size, where the beam peak is always directed to the equator of the measurement grid.


Figure 6 shows a histogram of 10000 TRP measurements using a constant density measurement grid with 264 measurement points for comparison. The measurement grid was derived using the approach described in [5]. In this simulation, the orientation between the antenna array and the measurement grid was completely random (i.e. no restrictions in terms of rotational axis was applied). The results show that the variation of the measured TRP values when using a constant density measurement grid is below the variation of a constant step size grid with the same number of measurement points. The decreased measurement uncertainty is achieved without any knowledge of the beam peak direction or restrictions in terms of the rotational axis for the random orientation of the DUT and the measurement grid.
Observation 4:
Constant density measurement grids provide a lower measurement uncertainty compared to constant step size measurement grids with the same number of measurement points. 
[image: C:\3GPPApril\180405_171742_3GPP_Grid_Evaluation_February_Simulated Grid_Charged Particle_264Points_10000RotationsPoleRandom_Histogram.png]
Figure 6: Histogram of TRP measurement results for a constant density measurement grid
with 264 measurement points, where the orientation of the DUT is completely random.
As outlined above, the minimum number of measurements points yield different MUs, especially with different grid types. It is suggested to leave the number of measurement points up to the system vendor but have the vendors assess the MU for the chosen measurement grid type and number of measurement points for antenna arrays similar to the one evaluated. 
Proposal 1: The minimum number of measurement points to determine the TX and RX beam peak direction is TBD (and to be confirmed by the next meeting); vendors have to assess the MU for the chosen measurement grid type and number of measurement points for antenna arrays similar to the one evaluated.
Conclusion
[bookmark: _Ref473660868][bookmark: _Ref473660708][bookmark: OLE_LINK6][bookmark: OLE_LINK7]This contribution compared TRP variations of constant step size measurement grids and constant density measurement grids with the help of a simulated NR reference antenna architecture. Additionally, possibilities to reduce the TRP measurement uncertainties of constant step size measurement grids have been discussed. In order to derive the required statistics and the corresponding measurement uncertainties of the different measurement grids, a set of 10000 orientations have been tested for each measurement grid.
The contribution helps to select a feasible option from the WF on NR MU and test tolerance [1].
The following observations have been made:
Observation 1:
Constant step size measurement grids produce outliers which underestimate the real TRP value even in cases where the statistics show an acceptable mean value and standard deviation.
Observation 2:
When the peak beam is directed to the pole of a constant step size measurement grid, the TRP value is underestimated. The difference between the real TRP and the measured value depends on the antenna pattern of the DUT and the step size of the measurement grid.
Observation 3:
When the beam peak is directed to the equator of a constant step size measurement grid, the measurement uncertainty decreases significantly.
Observation 4:
Constant density measurement grids provide a lower measurement uncertainty compared to constant step size measurement grids with the same number of measurement points.

The following proposals have been made:
[bookmark: _GoBack]Proposal 1: The minimum number of measurement points to determine the TX and RX beam peak direction is TBD (and to be confirmed by the next meeting); vendors have to assess the MU for the chosen measurement grid type and number of measurement points for antenna arrays similar to the one evaluated.
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