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Introduction
This contribution addresses some observations made in [1]. The author would like to acknowledge the continued collaboration with the Wireless Research Center of North Carolina.  
Discussion
The data presented in [1] is presented below for reference. TRP errors are rounded to the nearest 0.01 dB as provided in [1] and sorted by directivity from lowest to highest.  Mean error and standard deviations (MU) were added for each grid on the bottom. The measurement grids investigated in [1] were based on work by Wireless Research Center of North Carolina [2][3]. 


Table 1: Measurement Data from [1]
[image: ]

For better clarity, summary values are listed below in Table 2. Candidate grids for TRP are highlighted in green and candidate grids for TIS are highlighted in yellow.
[bookmark: _Ref158962958]Table 2: Summary/Overview of Data [1]
[image: ]

[bookmark: _Ref158964972]Observation 1: The uncertainty from the legacy TIS grid (62 points, sin(q) quadrature), used as the reference for more than 20 years in industry, is greater than some of the coarser grids using Clenshaw-Curtis (30/60 hybrid and 30/60 theta phi with 32 and 26 points respectively.

Table 3 shows data for a sub-set of the TIS grids under consideration:
[bookmark: _Ref158968881]Table 3: Condensed summary of TIS candidate grids
[image: ]
Additional observations can be made:
[bookmark: _Ref158964973]Observation 2: With directive patterns, the mean error of the results tends to be negative.  This is in part because with a directive pattern it is likely that the peak of the pattern is not accurately captured.  Because of this, the use of course grids will underestimate results in most cases.
[bookmark: _Ref158964974]Observation 3: Possibly due to the limited sample size, a point reduction from the existing allowed grid (Theta dependent phi, 30 degree grid with ~50 points) to a coarser 30/60 hybrid grid (32 points) results in no increase in uncertainty.
The following observation from [1] seems to imply that the TRP errors are maximized if the peak direction is towards the pole(s).
	Observation 4:	As shown on Figure 13, the EiRP elevation weighting based on Clenshaw-Curtis approach is biased towards devices with antenna radiation patterns with higher directivity at the 90º elevation, i.e.: EiRP weight = 0.262 at 90º elevation, while at elevations 30º/150º the weight = 0.1315.
[image: A graph of a number of people

Description automatically generated with medium confidence]
Figure 13, Clenshaw-Curtis elevation weighting distribution.


This is closer investigated next using several examples.
A numerical analysis with a dipole-like pattern was performed where the plane of the peaks was rotated by 0°, 45° and 90° around the y axis. As shown in the table below, the rotations of the dipole pattern introduce no TRP errors for coarse (even vey coarse) measurement grids. 
Table 4: TRP Errors with rotated dipole patterns
	
	Rotation by 0°
	Rotation by 45°
	Rotation by 90°

	Plot (1° grid)
	[image: A red sphere with yellow and blue circles

Description automatically generated]
	[image: A red circle with a yellow circle with black letters and a blue circle with a yellow circle with a blue circle with a yellow circle with a blue circle with a yellow circle with a blue circle with

Description automatically generated]
	[image: A red circle with yellow and blue circles and arrows

Description automatically generated]

	Plot (15° grid)
	[image: A red and yellow sphere with a grid and a diagram

Description automatically generated with medium confidence]
	[image: A colorful sphere with a grid and a diagram

Description automatically generated with medium confidence]
	[image: A red and yellow sphere with a grid and a diagram

Description automatically generated with medium confidence]

	Plot (30° grid)
	[image: A colorful sphere with a blue center

Description automatically generated with medium confidence]
	[image: A colorful sphere with a grid and a diagram

Description automatically generated with medium confidence]
	[image: A diagram of a sphere

Description automatically generated]

	Plot (45° grid)
	[image: A red and blue geometrical object

Description automatically generated]
	[image: A colorful geometrical object with black text

Description automatically generated with medium confidence]
	[image: A red and blue geometrical object

Description automatically generated]

	TRP Error [dB]
	15°: 0.00dB
30°: 0.00dB
45°: 0.00dB
	15°: 0.00dB
30°: 0.00dB
45°: 0.00dB
	15°: 0.00dB
30°: 0.00dB
45°: 0.00dB


It can furthermore be shown that highly directive peaks towards x or z do not have significant effects on the TRP error as the low-value quadrature weights are compensated by the higher grid point density towards the pole. The following example shows a 4x2 antenna array (directivity of 14.5dB) with its peak directed to the z axis and the x axis. The grid points that are within 6dB of the peak are highlighted with blue grid points and those 6dB below the peak are marked in red (over a limited range of q and f). 
	
	Peak towards z
	Peak towards x

	Plot
	[image: A colorful diagram of a sphere

Description automatically generated with medium confidence]
	[image: A rainbow colored oval with points and arrows

Description automatically generated]

	Number of grid points within 6 dB of peak 
	54 (including 24 grid points at q=0°)
	11

	∑Num. of grid points * Weight
	24*WCC(0°) + 24*WCC(15°) + 6*WCC(15°) = 2.54
	1*WCC(60°) + 3*WCC(75°) + 3*WCC(90°) + 3*WCC(105°) + 3*WCC(120°) = 2.76

	TRP Error with respect to very fine Dq=Df=1° grid [dB]
	0.00
	0.00


Additionally, IoT patterns post-processed in [4] with very high directivities are analysed next by studying the effect of placing the peak of the pattern towards x vs z. Here, the following approach is used:
1. Interpolate the reference (measurement) pattern (provided with the classical Dq=Df=15° grid) to a very fine Dq=Df=1° step size grid
2. Determine the reference TRP for the fine grid for each pattern
3. Rotate the fine pattern to align the peak of the pattern with the horizon (q=90°) and determine the TRP error for the considered grids in this contribution (the error is referenced with the TRP determined with the fine grid in the previous step)
4. Rotate the fine pattern to align the peak of the pattern with the pole (q=0°) and determine the TRP error for the considered grids in this contribution (the error is referenced with the TRP determined with the fine grid in the previous step)

The pattern with the highest directivity of 7.82 dB is analysed first. Figure 1 shows the original “Medical Telematics 4H” pattern with the 15° step size grid on the left, the interpolated pattern with 1° step size grid in the 2nd plot and the rotated pattern after sampling the fine, interpolated pattern with the original 15° grid and the peak of the pattern aligned with the horizon in the 3rd plot; in this case, the peak of the pattern already aligned with the horizon, i.e., no rotation of the fine reference pattern was necessary. The plot on the right shows the pattern rotated by -90° with the peak of the pattern aligned with the pole. The respective TRPs with the 15/15 and 1/1 grids are presented in the figure. 
[image: A screenshot of a graph

Description automatically generated]   [image: A screenshot of a graph

Description automatically generated]
[bookmark: _Ref158226349]Figure 1: Outline of steps 1 through 4 for high directivity pattern #1 (Medical Telematics 4H with directivity of 7.82 dB)
Similarly, Figure 2 shows the original “Smart Home Appliance 4L” pattern with directivity of 7.34 dB and the 15° step size grid on the left, the interpolated pattern with 1° step size grid in the 2nd plot and the rotated pattern after sampling the fine, interpolated pattern with the original 15° grid and the peak of the pattern aligned with the horizon in the 3rd plot; in this case, the peak of the pattern was rotated by -105° to align with the horizon. The plot on the right shows the pattern rotated by -195° with the peak of the pattern aligned with the pole.
[image: A screenshot of a computer screen

Description automatically generated]   [image: A screenshot of a computer screen

Description automatically generated]
[bookmark: _Ref158226629]Figure 2: Outline of steps 1 through 4 for high directivity pattern #2 (Smart Home Appliance 4L with directivity of 7.34 dB)
Similarly, Figure 3 shows the original “Parking Meter 4M” pattern with directivity of 6.72 dB and the 15° step size grid on the left, the interpolated pattern with 1° step size grid in the 2nd plot and the rotated pattern after sampling the fine, interpolated pattern with the original 15° grid and the peak of the pattern aligned with the horizon in the 3rd plot; in this case, the peak of the pattern was rotated by 60° to align with the horizon. The plot on the right shows the pattern rotated by -30° with the peak of the pattern aligned with the pole.
[image: A screenshot of a computer screen

Description automatically generated]   [image: A screenshot of a computer screen

Description automatically generated]
[bookmark: _Ref158229557]Figure 3: Outline of steps 1 through 4 for high directivity pattern #2 (Parking Meter 5M with directivity of 6.72 dB)

The corresponding TRP analyses of the reference patterns with the peak of the pattern aligned with the horizon and the pole are tabulated in Table 5. The various results presented here clearly indicate that for almost all of the grids investigated, the claim in Observation 4 of [1] cannot be supported with the findings above and in Table 5 as the TRP errors are generally the same or smaller when the peak of the pattern is aligned with the pole.
[bookmark: _Ref158965074]Observation 4: The claim that TRP errors are maximized if the peak direction is towards the pole(s) cannot be confirmed.
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[bookmark: _Ref158230121]Table 5: Summary of TRP errors for high-directivity pattern with peak of pattern aligned with horizon and pole
	Device 
	Peak of Pattern Aligned with
	Directivity [dB]
	Rotation Angle theta [deg]
	TRP Error 15/15 [dB]
	TRP Error 15/30 [dB]
	TRP Error 30/30 [dB]
	TRP Error 30/45 [dB]
	TRP Error 30/60 [dB]
	TRP Error 45/45 [dB]
	TRP Error 15/30 Theta Dependent Phi [dB]
	TRP Error 30/30 Theta Dependent Phi [dB]
	TRP Error 30/60 Theta Dependent Phi [dB]

	Medical Telematics 4H
	Horizon
	7.82
	0
	0.13
	0.41
	0.66
	0.70
	1.33
	0.27
	0.27
	0.39
	0.97

	
	Pole
	7.82
	-90
	0.06
	0.14
	0.30
	0.17
	0.22
	0.13
	0.07
	0.39
	0.11

	Smart Home Appliance 4L
	Horizon
	7.34
	-105
	0.05
	-0.21
	-0.05
	0.62
	0.44
	0.73
	0.02
	0.13
	0.11

	
	Pole
	7.34
	-195
	0.03
	0.04
	0.10
	0.08
	0.07
	0.15
	0.00
	0.10
	0.28

	Parking Meter 4M
	Horizon
	6.72
	60
	0.01
	0.08
	-0.06
	0.09
	0.38
	0.21
	-0.07
	-0.07
	0.06

	
	Pole
	6.72
	-30
	0.00
	-0.02
	-0.07
	-0.01
	0.22
	0.16
	-0.07
	-0.03
	-0.15



Conclusion
The following observations and proposals were made in this contribution. 

Observation 1: The uncertainty from the legacy TIS grid (62 points, sin(q) quadrature), used as the reference for more than 20 years in industry, is greater than some of the coarser grids using Clenshaw-Curtis (30/60 hybrid and 30/60 theta phi with 32 and 26 points respectively.

Observation 2: With directive patterns, the mean error of the results tends to be negative.  This is in part because with a directive pattern it is likely that the peak of the pattern is not accurately captured.  Because of this, the use of course grids will underestimate results in most cases.

Observation 3: Possibly due to the limited sample size, a point reduction from the existing allowed grid (Theta dependent phi, 30 degree grid with ~50 points) to a coarser 30/60 hybrid grid (32 points) results in no increase in uncertainty.

Observation 4: The claim that TRP errors are maximized if the peak direction is towards the pole(s) cannot be confirmed.
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FS N41 2593 3.5 0.01 0.04 0.00 0.01 0.00 -0.01 0.01 0.04 -0.01 0.00 0.12 0.14 -0.29

FS N41 2593 3.6 0.01 0.05 0.00 0.00 0.00 0.00 0.00 -0.01 -0.02 0.03 -0.30 -0.27 0.23

FS N79 4700 3.8 0.01 -0.04 0.00 0.00 0.01 -0.08 -0.06 0.02 -0.10 -0.06 -0.29 -0.27 -0.35

FS N79 4700 3.8 0.01 0.00 0.00 0.00 0.00 -0.05 -0.04 0.09 -0.06 -0.05 -0.29 -0.26 -0.25

FS N41 2593 3.9 0.02 0.02 0.00 0.00 0.00 -0.04 -0.03 -0.07 -0.04 0.05 -0.34 -0.33 0.25

FS N41 2593 4.1 0.02 0.03 0.00 0.00 0.01 -0.03 -0.02 -0.03 -0.03 -0.02 -0.13 -0.13 0.11

FS N78 2593 4.9 0.01 0.13 0.00 0.00 0.00 0.05 -0.06 0.21 0.01 -0.05 0.62 0.68 -0.83

FS N78 2593 6.3 -0.01 0.90 0.00 0.00 -0.01 -0.89 -0.90 -1.10 -0.91 -0.80 -0.60 -0.28 -2.29

FS N41 2593 6.6 -0.01 0.15 0.00 0.00 -0.01 -0.11 -0.12 -0.19 -0.10 -0.04 -0.32 -0.23 -0.44

FS N78 2593 6.7 -0.01 -0.80 0.00 -0.02 0.04 -0.77 -0.76 -0.87 -0.75 -0.85 -0.64 -0.24 -3.00

FS N41 2593 6.8 -0.01 -0.06 0.00 -0.01 0.03 -0.06 -0.10 -0.11 -0.18 -0.20 -0.18 0.40 -0.80

BHHR N79 4700 7.2 0.00 -0.30 0.00 -0.02 -0.01 -0.33 -0.37 -0.52 -0.29 -0.20 -0.18 -0.10 -0.82

BHHR N41 2593 7.4 0.00 -0.10 0.00 -0.02 0.01 -0.12 -0.13 0.06 -0.39 -0.47 -0.11 0.01 0.46

FS N78 2593 7.4 -0.03 -0.39 0.00 0.00 -0.04 -0.34 -0.44 -0.63 -0.39 -0.50 -0.43 -0.04 -1.66

BHHR N41 2593 7.4 0.00 -0.13 0.00 0.00 -0.01 -0.15 -0.16 -0.01 -0.45 -0.48 -0.16 -0.01 0.54

FS N78 2593 7.4 -0.02 -0.49 0.00 -0.01 -0.05 -0.46 -0.57 -0.68 -0.48 -0.61 -0.59 -0.26 -1.33

BHHR N79 4700 7.5 0.02 0.10 0.00 -0.01 0.02 0.03 0.07 0.23 0.17 0.27 0.04 0.00 -0.41

FS N41 2593 7.6 -0.02 -0.23 0.00 0.01 0.00 -0.20 -0.19 -0.19 -0.19 -0.29 0.18 0.25 -0.88

FS N41 2593 7.6 -0.03 -0.44 0.00 -0.01 0.01 -0.41 -0.42 -0.57 -0.39 -0.46 -0.87 -0.44 -1.42

FS N41 2593 7.6 -0.02 -0.18 0.00 0.00 0.01 -0.15 -0.13 -0.11 -0.16 -0.32 0.17 0.24 -0.79

FS N41 2593 7.6 -0.02 -0.29 0.00 0.01 0.00 -0.27 -0.23 -0.12 -0.25 -0.26 -0.36 -0.03 -0.28

FS N40 2350 7.6 -0.03 -0.49 0.00 0.00 0.00 -0.45 -0.45 -0.57 -0.43 -0.49 -1.02 -0.61 -1.03

FS N79 4700 7.7 -0.03 -0.21 0.00 0.02 -0.09 -0.18 -0.32 -0.50 -0.18 -0.44 -0.75 -0.55 -0.49

BHHR N79 4700 7.7 0.02 0.14 0.00 0.02 0.00 0.07 0.12 0.26 0.19 0.25 0.02 -0.01 -0.30

FS N78 2593 7.8 -0.02 -0.61 0.00 0.00 0.00 -0.58 -0.58 -0.59 -0.57 -0.60 -0.55 -0.38 -1.92

BHHR N78 2593 7.8 0.01 -0.28 0.00 -0.08 0.09 -0.31 -0.28 -0.29 -0.15 0.00 -0.30 -0.26 -0.50

BHHR N79 4700 7.8 0.00 -0.05 0.00 -0.02 0.01 -0.09 -0.06 -0.07 -0.24 -0.14 -0.13 -0.01 0.12

BHHR N79 4700 7.8 0.01 -0.24 0.00 -0.06 0.05 -0.26 -0.29 -0.27 -0.25 -0.04 -0.03 -0.02 -0.90

FS N78 2593 7.8 -0.02 -0.59 0.00 0.00 -0.01 -0.55 -0.55 -0.54 -0.55 -0.61 -0.60 -0.41 -1.86

BHHR N79 4700 7.9 0.01 -0.24 0.00 -0.06 0.05 -0.26 -0.29 -0.27 -0.25 -0.04 -0.03 -0.02 -0.90

BHHR N79 4700 8.0 0.00 -0.22 0.00 0.04 -0.06 -0.22 -0.23 -0.11 -0.30 -0.50 0.27 0.28 -0.62

BHHR N79 4700 8.1 0.00 -0.21 0.00 0.05 -0.06 -0.21 -0.22 -0.14 -0.30 -0.47 0.38 0.38 -0.60

BHHR N79 4700 8.6 0.01 -0.33 0.00 -0.05 0.02 -0.35 -0.41 -0.58 -0.24 -0.08 -0.13 -0.09 -0.90

FS N40 2350 8.6 -0.04 -0.32 0.00 0.00 0.01 -0.30 -0.27 -0.17 -0.32 -0.42 -0.83 -0.36 -0.70

0.00 -0.17 0.00 -0.01 0.00 -0.24 -0.25 -0.25 -0.25 -0.26 -0.25 -0.10 -0.73
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