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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 measurement grids for non-sparse antenna arrays from 3GPP TSG-RAN WG4#86bis requests to determine the minimum number of measurement points for constant density and constant step size measurement grid types [1]. TRP standard deviations for constant density measurement grids with different number of measurement points have already been discussed in [2].
This contribution provides an analysis of the minimum number of measurement points for constant density and constant step size measurement grids based on the simulated 8 x 2 patch antenna array pattern from [1] and proposes minimum numbers of measurement points that comply with the agreement that the standard deviation for the TRP measurement grid shall not exceed 0.25 dB for all DUT types [1].
Discussion
Evaluation Setup
The same pattern of a simulated 8 x 2 patch antenna array as in [1] has been used for the subsequent analysis. Table 1 and Table 2 show the adjusted equations from [4] that are used to calculate the UE antenna pattern.
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 = 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 beam peak search and spherical coverage measurements (i.e. EIRP CDF) are discussed in contribution [3].
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.
In order to assess the reproducibility of TRP measurements and the corresponding standard deviation of the different measurement grids, the relative orientation of the DUT and the measurement grid was altered randomly.
The minimum number of random rotations required to produce repeatable standard deviation estimations was derived by performing multiple simulation runs with different number of random rotations.
Table 3 shows the difference between the minimum and maximum standard deviations based on 100 independent simulations for 100, 1000, and 10000 random rotations. This analysis was performed for two example measurement grids: one that yields a standard deviation above and one below the agreed 0.25 dB as shown in the next subsection. It can be seen that repeatable simulation results can be achieved by increasing the number of random orientations. Therefore, the statistics in terms of TRP variation for each measurement grid are derived from a set of 10000 random orientations.
Table 3: Difference of standard deviation for different number of random orientations
	Number of Measurement Points (Charged Particle)
	Difference of
Standard Deviation
(100 Rotations)
	Difference of
Standard Deviation
(1000 Rotations)
	Difference of
Standard Deviation (10000 Rotations)

	112
	0.11 dB
	0.04 dB
	0.01 dB

	264
	0.01 dB
	0.00 dB
	0.00 dB



Measurement Results
Figure 2 shows the standard deviation of TRP measurement results for constant step size measurement grids with different uniform step sizes in elevation and azimuth. The standard deviation of the TRP values is derived from 10000 completely random orientations of the antenna array relative to the measurement grid.
[image: C:\3GPPMarch\180507_1726543GPP_Grid_Evaluation_March_Simulated Grid_8x2_5dBElementGain_0DegAzimuth_15.4459dBTotalGain_Constant Step Size_10000Rotations_STDvsPoints.png]
Figure 2: Standard deviation of TRP measurement results for constant step size measurement grids
with different step sizes (30, 22.5, 18 and 15 degrees).
Observation 1:
Constant step size measurement grids with a step size of 15 degrees yield a standard deviation of the TRP measurement results which is below 0.25 dB.
Figure 3 shows a similar analysis for constant step size measurement grids. In this case the peak of the antenna array pattern is directed to one measurement point at the equator of the measurement grid as agreed in [1]. The standard deviation of TRP values is derived from 10000 random orientations while keeping the beam peak always directed to one measurement point at the equator of the measurement grid. Therefore, only random orientations along the remaining axis are introduced. This approach reduces the standard deviation and the offset which was already discussed in [5]. Nevertheless, this approach requires that the beam peak direction is known in advance and the measurement grid is aligned to it which could result in repositioning of the DUT or a coordinate transformation.
 [image: C:\3GPPMarch\FinallyUsed\180508_1236503GPP_Grid_Evaluation_March_Simulated Grid_8x2_5dBElementGain_0DegAzimuth_15.4459dBTotalGain_Constant Step Size_10000Rotations_STDvsPoints.png] 
Figure 3: Standard deviation of TRP measurement results for constant step size measurement grids
with different step sizes, where the beam peak is always directed to the equator of the measurement grid.
Proposal 1: The maximum step size of a constant step size measurement grid for TRP measurements in order to yield a TRP standard deviation smaller than 0.25 dB is 15 degrees (i.e. 264 measurement points).
Proposal 2: In order to reduce the TRP offset for constant step size measurement grids, the beam peak needs to be oriented to a measurement point on the equator (unless a correction is identified for the TRP mean error caused by the sin(theta) term in the TRP equation for the constant step size grid).
Figure 4 shows a similar analysis using constant density measurement grids with a varying number of measurement points. The measurement grids were derived using the approach described in [6]. 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 and the peak of the beam did not have to align with a measurement point). 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 standard 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 2:
Constant density measurement grids provide a lower standard deviation compared to constant step size measurement grids with the same number of measurement points.
  [image: C:\3GPPMarch\180507_1752163GPP_Grid_Evaluation_March_Simulated Grid_8x2_5dBElementGain_0DegAzimuth_15.4459dBTotalGain_Charged Particle_10000Rotations_STDvsPoints.png]
Figure 4: Standard deviation of TRP measurement results for constant density measurement grids
with different number of measurement points.
As outlined above, the minimum number of measurements points yield different standard uncertainties, especially with different grid types. Based on the results in Figure 4, a minimum number of 140 measurement points is needed to achieve a standard deviation of 0.25 dB with the constant density grid.
Proposal 3: The minimum number of measurement points of a constant density measurement grid for TRP measurements in order to yield a TRP standard deviation smaller than 0.25 dB is 140 measurement points.
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 for different numbers of measurement points with the help of a simulated NR reference antenna architecture. 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.
This contribution proposes a minimum number of measurement points for both grid types as requested by the WF on measurement grids for non-sparse antenna arrays [1].
The following observations have been made:
Observation 1:
Constant step size measurement grids with a step size of 15 degrees yield a standard deviation of the TRP measurement results which is below 0.25 dB.
Observation 2:
Constant density measurement grids provide a lower standard deviation compared to constant step size measurement grids with the same number of measurement points.
The following proposals have been made:
Proposal 1: The maximum step size of a constant step size measurement grid for TRP measurements in order to yield a TRP standard deviation smaller than 0.25 dB is 15 degrees (i.e. 264 measurement points).
Proposal 2: In order to reduce the TRP offset for constant step size measurement grids, the beam peak needs to be oriented to a measurement point on the equator (unless a correction is identified for the TRP mean error caused by the sin(theta) term in the TRP equation for the constant step size grid).
Proposal 3: The minimum number of measurement points of a constant density measurement grid for TRP measurements in order to yield a TRP standard deviation smaller than 0.25 dB is 140 measurement points.
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3 STD vs. Number of Measurement Points (Constant Step Size)
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3 STD vs. Number of Measurement Points (Charged Particle)

- N
- 3] N o1
T T T T

Standard Deviation in dB

ot
wn
T

50

100 150 200
Number of Measurement Points




image1.wmf
(

)

dB

A

A

m

dB

H

E

ú

ú

û

ù

ê

ê

ë

é

÷

÷

ø

ö

ç

ç

è

æ

-

=

,

12

min

2

3

,

j

j

j


oleObject1.bin

