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Introduction
The limitations of the classical TRP integration method which is using a sin(θ)-weighting for constant step size measurement grids have been observed and discussed in previous meetings. Several contributions during the last meeting discussed alternative integration methods which promise to overcome these limitations [1][2][3].
This contribution continues the discussion on spherical quadrature techniques by revisiting and comparing the previously proposed integration approaches, based on dedicated simulation campaigns.
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Simulation Assumptions
In order to assess and compare the quality of different spherical quadrature techniques different radiation patterns and different constant step size measurement grids have been used. The investigated radiation patterns (beside the reference standard gain horn) reflect feasible antenna arrays that are anticipated to be used in future NR UEs (8 x 2 patch array, 4 x 2 patch array, 4 x 1 dipole array).
Figure 1 depicts the deviation of the calculated TRP values from the real TRP value over different step sizes for a variety of integration methods and two antenna radiation patterns.
Figure 1a shows the results for a standard gain horn antenna and Figure 1b for a 4 x 1 dipole antenna array. In both cases, the beam is directed to the pole of the constant step size measurement grid. The results indicate that the performance of the integration method depends on the radiation pattern of the DUT. Consequently, this contribution extends the number of investigated antenna patterns to get a better understanding of the general performance of the different spherical quadrature techniques.
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(a)                                                                  (b)
Figure 1: Deviation of TRP vs. Step Size of Measurement Grid for
a) 20 dBi Standard Gain Horn Antenna and b) 4 x 1 Dipole Antenna Array.
Observation 1: The measurement grids in previous contributions have been optimizes for an 8 x 2 patch antenna array. Using other antenna characteristics results in different performances of the different integration methods.
The following spherical integration methods are analysed and have been used in order to calculate the TRP from a single set of EIRP measurements for each constant step size grid with a different step size:
· Sin(θ)-Weighting
· Spherical Surface Weighting
· Jacobian Matrix Integration
· Clenshaw-Curtis Quadrature
· Gauss-Legendre Quadrature
Regardless of the selected quadrature method, allowing multiple integration methods will cause significant additional effort during standardization, implementation and validation. Therefore, it is desirable to minimize the number of allowed integration methods in the specification. Ideally, only the integration method with the best overall performance should be allowed.
Observation 2: Allowing many different integration methods produces extra effort during standardization, implementation and subsequent validation of the implementations.
Proposal 1: Select the quadrature method with the best overall performance for conformance testing purposes.
Since the relative orientation of the DUT radiation pattern and the measurement grid is unknown during conformance testing (black-box testing approach), a statistically significant number of rotations of the radiation pattern (10,000 random orientations) is used in order to assess the performance of the different spherical quadrature techniques under realistic conditions.
Simulation Results (Simulated 8 x 2 Patch Antenna)
The same pattern of a simulated 8 x 2 patch antenna array as in [4] has been used for the subsequent analysis. Figure 2 shows the composite radiation 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.
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Figure 2: Radiation Pattern of 8 x 2 Patch Antenna Array
Steering the Beam in Boresight Direction.
Figure 3 shows the mean of the calculated TRP values (dark solid line) and the standard deviation of the calculated TRP values (light solid area) compared to the real TRP value (dashed line) for the previously mentioned integration methods. For the analysis, constant step size grids with different step sizes () have been used as measurement grid.
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Figure 3: TRP Results Based on Different Measurement Grid Step Sizes
and Integration Methods.


Table 1 summarizes the statistics of the 10,000 random orientation for the different integration methods depicted in Figure 3 assuming a constant step size measurement grid with a step size of 15 degrees and an 8 x 2 patch antenna array under test. Additionally, Table 2 provides similar statistics for a 4 x 2 patch antenna array. In both cases, the Jacobian matrix integration approach provides the best results regarding the standard deviation and the mean error of the calculated TRP values. Therefore, it is proposed to select the Jacobian matrix integration as the preferred integration method in the specification.
Observation 3: Jacobian matrix integration provides best results regarding the standard deviation and the mean error of the calculated TRP values.
Proposal 2: Select Jacobian matrix integration as preferred integration method for test case implementation.
Additionally, the simulation results show that using an appropriate integration method introduces little effects on the calculated TRP value when the antenna pattern (i.e. DUT) is rotated randomly. Therefore, it is proposed that no restrictions should apply for which axes of the DUT reference coordinate system is mapped to which of the positioner axes. 
Proposal 3: Since the orientation of the DUT has negligible effect on the calculated TRP value when using an appropriate integration method, restrictions for which axes of the DUT reference coordinate system is mapped to which of the positioner axes do not apply anymore.
Table 1: TRP Statistics for Simulated 8 x 2 Patch Antenna Array; 15 Degrees Step Size
	
	𝐬𝐢𝐧(𝝑) Weighting
	Spherical Surface Weighting
	Jacobian Matrix Integration
	Clenshaw-Curtis Quadrature
	Gauss-Legendre Quadrature

	Mean (dBm)
	25.1992
	24.8846
	25.2351
	25.3732
	25.3656

	STD (dB)
	0.1577
	0.0932
	0.1112
	0.3053
	0.2861

	Δ Mean (dB)
	−0.0331
	−0.3477
	0.0028
	0.1408
	0.1333



Table 2: TRP Statistics for Simulated 4 x 2 Patch Antenna Array; 15 Degrees Step Size
	
	𝐬𝐢𝐧(𝝑) Weighting
	Spherical Surface Weighting
	Jacobian Matrix Integration
	Clenshaw-Curtis Quadrature
	Gauss-Legendre Quadrature

	Mean (dBm)
	25.5725
	25.2477
	25.5959
	25.7795
	25.7743

	STD (dB)
	0.0395
	0.015
	0.0322
	0.1989
	0.1945

	Δ Mean (dB)
	−0.0245
	−0.3493
	−0.0011
	0.1825
	0.1773
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This contribution provided simulation and measurement results that help in assessing the performance of different spherical quadrature techniques that have been previously proposed for the TRP integration.
The following observations have been made:
Observation 1: The measurement grids in previous contributions have been optimizes for an 8 x 2 patch antenna array. Using other antenna characteristics results in different performances of the different integration methods.
Observation 2: Allowing many different integration methods produces extra effort during standardization, implementation and subsequent validation of the implementations.
Observation 3: Jacobian matrix integration provides best results regarding the standard deviation and the mean error of the calculated TRP values.
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The following proposals have been made:
Proposal 1: Select the quadrature method with the best overall performance for conformance testing purposes.
Proposal 2: Select Jacobian matrix integration as preferred integration method for test case implementation.
Proposal 3: Since the orientation of the DUT has negligible effect on the calculated TRP value when using an appropriate integration method, restrictions for which axes of the DUT reference coordinate system is mapped to which of the positioner axes do not apply anymore.
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