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Introduction
The previously agreed beam peak search assumptions are reviewed in this contribution. A revised proposal to determine the minimum number of beam peak search grid points are presented. 
Background
The way forward on measurement grids [1] suggested that the minimum number of measurement points for the beam peak search grid is based on a [0.25dB] EIRP deviation between the beam peak and the 4 closest, neighbouring measurement points.
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In [2], analyses for minimum number of measurement points based on constant step size and constant density grid types resulted in a very large number of min measurement points for a 0.25dB EIRP deviation. Subsequently, a deviation of 0.5dB between the peak and the closest measurement points was selected to reduce the number of points; the total number of grid points was still significant, i.e., 10224 and 7080 points, respectively.

In the mean time, RAN5 defined an MU element in [3] related to the beam peak search grid 

B.2.1.23
Influence of beam peak search grid
This contributor describes the uncertainty of absolute TX power beam peak measurements, e.g., EIRP in beam peak direction, due to the finite number of measurement points in the beam peak search grid.
And included the uncertainty term in the MU budget as part of the DUT measurement stage
	UID
	Uncertainty source
	Uncertainty value
	Distribution of the probability
	Divisor 
	Standard uncertainty (σ) [dB]

	Stage 2: DUT measurement

	…
	…
	…
	…
	…
	…

	14
	Influence of beam peak search grid (NOTE 6)
	0.5
	Actual
	1
	0.5


Most of the beam peak analyses so far have been based on the maximum deviation of 0.5dB in power level between the beam peak and the closest, neighbouring points for an assumed 8x2 antenna pattern. 

After closer investigation, the maximum deviation between the peak and the closest neighbour should not correspond to the error in predicting the beam peak. As shown in Figure 1, the red curve illustrates the pattern with the beam peak centred on a grid point and the pattern dropping by 0.5dB at the two neighbouring grid points, spaced apart by angle from the grid point of the peak. However, when the pattern is shifted by half that angle, /2, the maximum error in predicting the beam peak is less than 0.5dB. Instead of evaluating the maximum deviation between the peak and the closest neighbouring grid point, the maximum deviation between the peak and the pattern at half the angular distance between grid points should have been evaluated.    
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Figure 1: Illustration of the beam peak error
Observation 1: Instead of evaluating the maximum deviation in power level between the beam peak and the closest, neighbouring points, the max deviation between half the angular spacing of grid points should have been evaluated. 
Instead, it is proposed to revisit the MU assumptions for Beam Peak Searches. The most realistic approach is to analyse the statistical distribution of the beam peak error for a large number of random orientations, specifically 
· the mean error (with respect to the “true” beam peak) which should be added as systematic error to the uncertainty budget and 
· the standard deviation of the distribution which is added as MU element in the DUT Measurement stage.
Proposal 1: Consider the mean error (when compared to reference 8x2 antenna beam peak) of the statistical distribution as systematic error and the standard deviation as MU element in DUT measurement stage. 

Such analyses are presented in this contribution. The global beam peak of the 8x2 antenna array was determined first. Subsequently, the relative orientation of the simulated antenna array and the measurement grid was altered randomly. The statistical results from simulations using 1,000,000 random orientations are then used to determine mean error and the standard deviation of all maximum EIRPs for each measurement grid. The simulation assumptions of the rotations were the same as those outlined in Annex G.1.1 of [4]. 
Simulation Results 

Sample histograms for the beam peak error for constant step-size measurement grids are shown in Figure 2 and for the constant density measurement grid (based on the charged particle implementation) in Figure 3. Both figures show a half-normal distribution. Clearly, the maximum deviation between maximum EIRP and the reference antenna beam peak is a gross overestimation of the expected beam peak error. 
Observation 2: A maximum deviation of power levels referenced to the reference antenna beam peak should not be considered as MU element in the uncertainty budget. 
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Figure 2: Histogram of maximum beam peak errors for sample constant-step size meausurement grids
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Figure 3: Histogram of maximum beam peak errors for sample constant density measurement grids
The mean error and the standard deviation are tabulated in Table 1 for the constant step size grids and Table 2 for the constant density grids and plotted in Figure 4 and Figure 5, respectively
Table 1: Statistical Analyses of the 1M simulations for the constant step size grids

	Angular Step Size [o]
	Number of unique grid points
	Mean Error [dB]
	STD [dB]

	2.5
	10226
	0.02
	0.02

	3.0
	7082
	0.02
	0.02

	3.6
	4902
	0.04
	0.04

	4.0
	3962
	0.04
	0.04

	4.5
	3122
	0.06
	0.06

	5.0
	2522
	0.07
	0.07

	6.0
	1742
	0.10
	0.10

	7.5
	1106
	0.16
	0.15

	9.0
	762
	0.23
	0.22

	10.0
	614
	0.29
	0.27

	12.0
	422
	0.42
	0.39

	15.0
	266
	0.65
	0.60


Table 2: Statistical Analyses of the 1M simulations for the constant-density grids
	Number of unique grid points
	Mean Error [dB]
	STD [dB]

	50
	2.93
	2.24

	70
	2.13
	1.68

	100
	1.50
	1.23

	150
	0.99
	0.82

	200
	0.74
	0.61

	300
	0.49
	0.40

	400
	0.37
	0.30

	500
	0.29
	0.24

	750
	0.20
	0.16

	1000
	0.15
	0.12

	1500
	0.10
	0.08

	2000
	0.07
	0.06

	3000
	0.05
	0.04

	4000
	0.04
	0.03

	6000
	0.02
	0.02

	8000
	0.02
	0.02
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Figure 4: Mean error of the 1M simulations
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Figure 5: Standard deviation of the 1M simulations
Observation 3: Practical measurement grids of less than 1000 unique measurement points yield mean errors of less than 0.2dB and standard deviations of less than 0.2dB. 

In Table 3, the minimum number of unique grid points are listed for each grid type investigated for sample mean errors of 0.1dB, 0.15dB, 0.25dB and 0.5dB. The option with the 0.25dB mean error and 0.25dB MU seems to be best compromise in terms of MU and test points/test time. 
Table 3: Minimum number of unique grid points for sample systematic errors

	Systematic Error of ‘Beam Peak Search’: Mean Error 
	MU ‘Influence of Beam Peak Search’ in DUT Measurement Stage
	Minimum Number of Unique Grid Points for Constant Step Size Grid
	Minimum Number of Unique Grid Points for Constant Density Grid

	0.10dB
	0.10dB
	1742 (6o step size)
	1500

	0.15dB
	0.15dB
	1106 (7.5ostep size)
	1000

	0.25dB
	0.25dB
	762 (9o step size)
	750

	0.5dB
	0.40dB
	422 (12o step size)
	300


Proposal 2: Consider beam peak search grids with at least 750 unique measurement points, i.e.,

· Constant density grid with at least 750 grid points: MU “Influence of Beam Peak Search” of 0.25dB and 0.25dB Mean Error size (Systematic Error of “Beam Peak Search”)

· Constant step size grid with at least 762 grid points: MU “Influence of Beam Peak Search” of 0.25dB and 0.25dB Mean Error size (Systematic Error of “Beam Peak Search”)

Conclusion
The following observations and proposals were made in this contribution
Observation 1: Instead of evaluating the maximum deviation in power level between the beam peak and the closest, neighbouring points, the max deviation between half the angular spacing of grid points should have been evaluated. 
Proposal 1: Consider the mean error (when compared to reference 8x2 antenna beam peak) of the statistical distribution as systematic error and the standard deviation as MU element in DUT measurement stage. 

Observation 2: A maximum deviation of power levels referenced to the beam peak should not be considered as standard deviation in the uncertainty budget. 
Observation 3: Practical measurement grids of less than 1000 unique measurement points yield mean errors of less than 0.15dB and standard deviations of less than 0.15dB. 

Proposal 2: Consider beam peak search grids with at least 750 unique measurement points, i.e.,

· Constant density grid with at least 750 grid points: MU “Influence of Beam Peak Search” of 0.25dB and 0.25dB Mean Error size (Systematic Error of “Beam Peak Search”)

· Constant step size grid with at least 762 grid points: MU “Influence of Beam Peak Search” of 0.25dB and 0.25dB Mean Error size (Systematic Error of “Beam Peak Search”)
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