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Introduction
This contribution is presenting the spherical coverage grid simulation results for PC1 UEs. 
PC1 Antenna Pattern and Beam Steering Assumptions
The simulations in this contribution are based on the following proposals for PC1 antenna pattern and beam steering assumptions [1], i.e., 
	Proposal 1: Number of antenna arrays – 1
Proposal 2: Number of elements in array  – 12 x 12
Proposal 3: Max DUT sizes – 30 cm
Proposal 4: Max DUT radiating aperture – 10.6 cm
Proposal 5: Power supply type – AC Power Supply
Proposal 6: Max weight of UE – 10 lbs
Proposal 7: Beam steering range and granularity in xz plane – 4 (from 30o to 150o)
Proposal 8: Beam steering range and granularity in xy plane – 4 (from -60o to 60o)



The 12x12 reference antenna pattern based on the assumptions in [1] and [2] is illustrated in Figure 1. 
[image: D:\OneDrive - Keysight Technologies\MATLAB\Measurement Grids\PC1\Spherical Coverage_PC1\12x12_Antenna_Pattern.png]
[bookmark: _Ref24027320]Figure 1: Illustration of the 12x12 Antenna Pattern
The cumulative antenna pattern, i.e., the maximum achievable EIRP in 3D based on the beam steering assumptions in [1], is shown in Figure 2.
[image: D:\OneDrive - Keysight Technologies\MATLAB\Measurement Grids\PC1\Spherical Coverage_PC1\12x12_cumulative_beam_steered_pattern.png]
Figure 2: Illustration of the cumulative 12x12 Antenna Pattern including beam steering
[bookmark: _Ref24032131]Spherical Coverage Measurement Grid
The simulation assumptions including the antenna patterns for the spherical coverage measurement grids are the same as Clause G.3 [2] except the 12x12 antenna array assumption [1] instead of 8x2 and the updated beam steering assumptions in [1].
The reference CDF curve was determined with a very fine constant step size measurement grid using a 1o step size in  and . The need for scaling the PDFs by sin() is highlighted in Figure 3 for an EIRP spherical coverage CDF analysis based on 10 random UE orientations with a 1o constant step size grid. While the CDF curves in Figure 3a are based on the PDF scaled by sin(), the curves in Figure 3b were not using the  dependent scaling. Clearly, the sin() scaling makes the CDF curves converge to the reference CDF curve for this very fine measurement grid, while the simulated CDFs without the sin() scaling of the PDF are spread rather wide and can therefore not be used for CDF analyses.
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  (a)                                                                        (b)
[bookmark: _Ref24032926]Figure 3: Sample CDF Analyses for a very fine 1o constant step size measurement grid. a) with the sin() scaling of the PDF and b) without the  dependent scaling.
At the 85%-tile CDF, i.e., the target CDF for Power Class 1, statistical analyses of all 10000 EIRPs, EIRP85%CDF, is performed. For the example of the 4.5o constant step size grid, the histogram is shown in Figure 4.
[image: ]
[bookmark: _Ref24033355]Figure 4: Sample Histogram of the 10000 min EIRPs at the 85%-tile CDF for a fine 4.5º constant step size measurement grid

The simulations in this contribution were only for the case where the beam peak is oriented in completely random orientations, i.e., the beam peak is not always aligned to a grid point. It is understood that the CDF curve cannot be used to accurately determine the TX beam peak (100%-tile CDF)
Unlike in [2], the simulations here were performed for EIRP only it was shown previously that the EIS simulations with infinitesimal DL power step sizes match the standard deviations of the EIRP results and that a finite DL power step size introduces a mean error that matches the DL power step size.  
The results for various constant-step size measurement grids are tabulated in Table 1.
[bookmark: _Ref24034537]Table 1: Statistical results of EIRP85%CDF for the 12x12 antenna array for constant step size measurement grids and the beam peak oriented in completely random orientations.
	Step Size [o]
	Number of unique grid points
	Std. Dev [dB]
	|Mean Error| [dB]

	4.5
	3122
	0.02
	0.00

	10
	614
	0.03
	0.00

	12
	422
	0.04
	0.01

	15
	266
	0.05
	0.01

	20
	146
	0.07
	0.02

	22.5
	114
	0.09
	0.04

	30
	62
	0.11
	0.06

	36
	42
	0.15
	0.12

	45
	26
	0.19
	0.19



Similar results for the constant-density measurement grids are tabulated in Table 2.
[bookmark: _Ref24034599]Table 2: Statistical results of EIRP50%CDF for the 12x12 antenna array for constant density measurement grids and the beam peak oriented in completely random orientations.
	Number of unique grid points
	Std. Dev [dB]
	|Mean Error| [dB]

	200
	0.05
	0.01

	175
	0.06
	0.01

	150
	0.06
	0.02

	125
	0.07
	0.02

	100
	0.08
	0.02

	50
	0.11
	0.05

	25
	0.17
	0.12

	15
	0.27
	0.27



In order to make a reasonable trade-off with measurement uncertainties, it is recommended to use the following recommendation in terms of min. number of grid points, standard deviation, and mean error for spherical coverage grids: 
· constant density grid (using the charged particle implementation) with at least 200 grid points: standard deviation (MU element ‘Influence of spherical coverage grid’) of 0.05dB and 0.01dB Mean Error
· constant step size grid with at least 266 grid points: standard deviation (MU element ‘Influence of spherical coverage grid’) of 0.05dB and 0.01dB Mean Error
· the MU element ‘Systematic error related to EIS spherical coverage’ is the DL step size, i.e., 0.2dB.
Conclusion
The following observations and proposals were made in this contribution
Proposal 1: Adopt the proposed measurement grids and assumptions for PC1 UEs:
· constant density grid (using the charged particle implementation) with at least 200 grid points: standard deviation (MU element ‘Influence of spherical coverage grid’) of 0.05dB and 0.01dB Mean Error
· constant step size grid with at least 266 grid points: standard deviation (MU element ‘Influence of spherical coverage grid’) of 0.05dB and 0.01dB Mean Error
· the MU element ‘Systematic error related to EIS spherical coverage’ is the DL step size, i.e., 0.2dB.
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