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Introduction
This contribution is presenting statistical analyses for the EIRP spherical coverage using constant step size and constant density measurement grids. 
Background
This contribution is based on the antenna and beamformer assumptions outlined in [1], i.e., two 8x2 antenna arrays integrated in a smartphone UE, with the antenna array integrated in the front experiencing 5dB less implementation loss than the antenna array integrated towards the back. 
Additionally, the following UE Orientations/Rotations assumptions from [2] were taken into account for the analyses:
· 10000 random relative orientations between the simulated UE and the respective measurement grids 
· The rotations of UE/grid will be along  and  as well as around the beam peak

· The rotations along  will utilize a sin() weighting to assume a uniform sampling on the surface.
The reference CDF curve was determined with a very fine constant step size measurement grid using a 0.5o step size in  and . The need for scaling the PDFs by sin() is highlighted in Figure 1 for an EIRP spherical coverage CDF analysis based on 10000 random UE orientations with a 1o constant step size grid. While the CDF curves in Figure 1a are based on the PDF scaled by sin(), the curves in Figure 1b 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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Figure 1: 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 50%-tile CDF, i.e., the target CDF for PC3 [5], statistical analyses of all 10000 EIRPs, EIRP50%CDF, is performed. For the example of the 1o constant step size grid, the histogram is shown in Figure 2.

[image: image2]
Figure 2: Sample Histogram of the 10000 min EIRPs at the 50%-tile CDF for a very fine 1o constant step size measurement grid.
Analyses with 8x2 Antenna Array with Beam Peak on the Measurement Grid
The results in this section is based on the 8x2 antenna array with the beam peak always aligned on a grid point as suggested in [2]. For these simulations, the completely random UE rotations in  and  were always re-adjusted to the next closest measurement grid point. 

The results for various measurement grids are tabulated in Table 1 and sample CDF curves of the EIRP50%CDF for some sample grids are shown in Figure 3.
Table 1: Statistical results of the EIRP50%CDF for the 8x2 antenna array for constant step size measurement grids and the beam peak always aligned on a grid point.

	Step Size [o]
	Number of unique grid points
	STD [dB]
	Min 50%-tile CDF Norm. EIRP [dB]
	Max 50%-tile CDF Norm. EIRP [dB]
	|Mean Error| [dB]

	2.0
	16022
	0.01
	-0.02
	0.03
	0.00

	2.5
	10226
	0.01
	-0.04
	0.04
	0.00

	3.0
	7082
	0.01
	-0.05
	0.04
	0.00

	4.0
	3962
	0.02
	-0.08
	0.07
	0.00

	5.0
	2522
	0.03
	-0.10
	0.10
	0.00

	6.0
	1742
	0.03
	-0.14
	0.10
	0.00

	9.0
	762
	0.05
	-0.23
	0.24
	0.01

	10.0
	614
	0.06
	-0.32
	0.24
	0.01

	12.0
	422
	0.07
	-0.26
	0.22
	0.01

	15.0
	266
	0.12
	-0.69
	0.45
	0.01

	20.0
	146
	0.16
	-0.47
	0.61
	0.06

	22.5
	114
	0.27
	-1.40
	0.68
	0.04

	30.0
	62
	0.47
	-1.65
	1.10
	0.09

	45.0
	26
	0.91
	-3.42
	1.34
	0.20


 Observation 1: For the 8x2 reference antenna array with the beam peak always aligned on the measurement grid, the standard deviation of the EIRP50%CDF is negligible (<0.1dB) for more than ~300 unique measurement points for constant step size grids. 

Observation 2: For the 8x2 reference antenna array with the beam peak always aligned on the measurement grid, the mean error of the EIRP50%CDF is negligible (0.1dB) for more than ~62 unique measurement points for constant step size grids. 
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Figure 3: CDF results for the 8x2 antenna array for constant step size measurement grids and the beam peak always aligned on a grid point.
Similar results for the constant-density measurement grids are tabulated in Table 2 and sample CDF curves for some grids are shown in 
Figure 4
. 

Table 2: Statistical results of the EIRP50%CDF for the 8x2 antenna array for constant density measurement grids and the beam peak always aligned on a grid point.

	Number of unique grid points
	STD [dB]
	Min 50%-tile CDF Norm. EIRP [dB]
	Max 50%-tile CDF Norm. EIRP [dB]
	|Mean Error| [dB]

	30
	0.48
	-1.74
	1.72
	0.01

	40
	0.45
	-1.85
	1.39
	0.05

	50
	0.37
	-1.68
	1.14
	0.06

	70
	0.25
	-1.11
	0.71
	0.08

	100
	0.18
	-0.82
	0.69
	0.04

	150
	0.15
	-0.61
	0.60
	0.02

	200
	0.10
	-0.53
	0.40
	0.01

	300
	0.08
	-0.37
	0.25
	0.01

	400
	0.07
	-0.28
	0.33
	0.01

	500
	0.06
	-0.30
	0.20
	0.01



[image: image7]
Figure 4: CDF results for the 8x2 antenna array for constant density measurement grids and the beam peak always aligned on a grid point.
Observation 3: For the 8x2 reference antenna array with the beam peak always aligned on the measurement grid, the standard deviation of the EIRP50%CDF is negligible (<0.1dB) for more than ~200 unique measurement points for constant density size grids. 

Observation 4: For the 8x2 reference antenna array with the beam peak always aligned on the measurement grid, the mean error of the EIRP50%CDF is always negligible (0.1dB) even for very small number of measurement points for constant density size grids. 

The standard deviations between the constant step size and constant density grids is shown in Figure 5 for the 8x2 antenna with the beam peak always placed on a grid point.

[image: image8]
Figure 5: Comparison of the standard deviation of EIRP50%CDF for the 8x2 antenna with the beam peak always placed on a grid point.
Observation 5: The constant density measurement grids require slightly fewer measurement points than the constant step size grids to achieve the same standard deviation. 
Analyses with 8x2 Antenna Array with Beam Peak oriented completely randomly

The results in this section is based on the 8x2 antenna array with the beam peak oriented in completely random orientations, i.e., the beam peak is not always aligned to a grid point. This analysis was performed to see whether the beam peaks have to be aligned with a grid point if only the min. EIRP value at the 50%-tile CDF is of interest. It is understood that the CDF curve cannot be used to accurately determine the TX beam peak (100%-tile CDF). 
The results for various constant-step size measurement grids are tabulated in Table 3.
Table 3: Statistical results of EIRP50%CDF for the 8x2 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 [dB]
	Min 50%-tile CDF Norm. EIRP [dB]
	Max 50%-tile CDF Norm. EIRP [dB]
	|Mean Error| [dB]

	9
	762
	0.05
	-0.21
	0.21
	0.00

	10
	614
	0.06
	-0.22
	0.27
	0.00

	12
	422
	0.07
	-0.38
	0.27
	0.01

	15
	266
	0.12
	-0.61
	0.45
	0.01

	20
	146
	0.17
	-0.65
	0.54
	0.02

	23
	114
	0.23
	-1.14
	0.69
	0.05

	30
	62
	0.49
	-1.85
	1.48
	0.13

	45
	26
	0.83
	-3.60
	2.11
	0.27


Similar results for the constant-density measurement grids are tabulated in Table 4. 

Table 4: Statistical results of EIRP50%CDF for the 8x2 antenna array for constant density measurement grids and the beam peak oriented in completely random orientations.
	Number of unique grid points
	STD [dB]
	Min 50%-tile CDF Norm. EIRP [dB]
	Max 50%-tile CDF Norm. EIRP [dB]
	|Mean Error| [dB]

	30
	0.56
	-1.91
	1.78
	0.14

	40
	0.51
	-2.14
	1.80
	0.15

	50
	0.41
	-1.59
	1.57
	0.11

	70
	0.26
	-1.32
	1.02
	0.07

	100
	0.19
	-0.97
	0.77
	0.03

	150
	0.17
	-0.80
	0.62
	0.02

	200
	0.11
	-0.58
	0.42
	0.02

	300
	0.08
	-0.37
	0.30
	0.01

	400
	0.07
	-0.26
	0.24
	0.01

	500
	0.06
	-0.28
	0.23
	0.01


The standard deviations and mean errors for the constant step size and constant density grids are shown in Figure 6 and in Figure 7, respectively, for the 8x2 antenna with the beam peak always placed on a grid point and with the beam peak placed in completely random orientations. Figure 8 is looking at the max range of the 50%-tile CDF EIRPs which is the difference between the max and the min 50%-tile CDF EIRPs.  

[image: image9]
Figure 6: Comparison of the standard deviation for the 8x2 antenna.


[image: image10]
Figure 7: Comparison of the mean error for the 8x2 antenna.


[image: image11]
Figure 8: Comparison of the max range of EIRP50%CDF for the 8x2 antenna.
Observation 6: For the 8x2 reference antenna array, the standard deviation of the EIRP at the 50%-tile CDF is independent on whether the beam peak is on the measurement grid or not. 
Measurement grids with MU values of 0.5dB and greater proposed in [2] should not be considered as suitable candidate grids for spherical coverage due to their very large span in EIRPs at 50%-tile CDF. 

Proposal 1: Consider spherical coverage grids with at least 200 unique measurement points, i.e., 

· constant density grid with at least 200 grid points: STD of 0.11dB and 0dB Mean Error size

· constant step size grid with at least 266 grid points: STD of 0.12dB and 0dB Mean Error
Proposal 2: Allow the EIRP spherical coverage measurement to be performed without having to have the beam peak having to be placed on a grid point, e.g., for coarse grids of beam peak searches. 

Analyses with 4x2 Antenna Array with Beam Peak on the Measurement Grid

The results in this section is based on the 4x2 antenna array with the beam peak always aligned on a grid point. For these simulations, the completely random UE rotations in  and  was always re-adjusted to the next closest measurement grid point. 

The standard deviations between the constant step size and constant density grids is shown in Figure 9. 

Observation 7: The standard deviations of the EIRP at the 50%-tile CDF are smaller for the 4x2 antenna array than for the 8x2 antenna array, especially for small number of grid points. 

[image: image12]
Figure 9: Comparison of the standard deviation for the 8x2 and 4x2 antenna with the beam peak always placed on a grid point.
Conclusion
The following observations and proposals were made in this contribution
Observation 1: For the 8x2 reference antenna array with the beam peak always aligned on the measurement grid, the standard deviation of the EIRP50%CDF is negligible (<0.1dB) for more than ~300 unique measurement points for constant step size grids. 

Observation 2: For the 8x2 reference antenna array with the beam peak always aligned on the measurement grid, the mean error of the EIRP50%CDF is negligible (0.1dB) for more than ~62 unique measurement points for constant step size grids. 
Observation 3: For the 8x2 reference antenna array with the beam peak always aligned on the measurement grid, the standard deviation of the EIRP50%CDF is negligible (<0.1dB) for more than ~200 unique measurement points for constant density size grids. 

Observation 4: For the 8x2 reference antenna array with the beam peak always aligned on the measurement grid, the mean error of the EIRP50%CDF is always negligible (0.1dB) even for very small number of measurement points for constant density size grids. 

Observation 5: The constant density measurement grids require slightly fewer measurement points than the constant step size grids to achieve the same standard deviation. 

Observation 6: For the 8x2 reference antenna array, the standard deviation of the EIRP at the 50%-tile CDF is independent on whether the beam peak is on the measurement grid or not. 
Proposal 1: Consider spherical coverage grids with at least 200 unique measurement points, i.e., 

· constant density grid with at least 200 grid points: STD of 0.11dB and 0dB Mean Error size

· constant step size grid with at least 266 grid points: STD of 0.12dB and 0dB Mean Error
Proposal 2: Allow the EIRP spherical coverage measurement to be performed without having to have the beam peak having to be placed on a grid point, e.g., for coarse grids of beam peak searches. 

Observation 7: The standard deviations of the EIRP at the 50%-tile CDF are smaller for the 4x2 antenna array than for the 8x2 antenna array, especially for small number of grid points. 
References

[1] R4-1813581, “Antenna and Beamforming Assumptions for Spherical Coverage Analyses”, Keysight Technologies, 3GPP TSG-RAN WG4 Meeting #88bis, October 2018
[2] R4-1814310, “Way Forward on Measurement Grids for Beam Peak Search & Spherical Coverage”, Keysight Technologies, Rohde&Schwarz, 3GPP TSG-RAN WG4 Meeting #88bis, October 2018
[3] R4-1804464, “On spherical coverage/CDF Measurement Grids for mm-wave”, Rohde & Schwarz, 3GPP TSG RAN WG4 Meeting #86bis, April 2018

[4] TR 38.810, Study on test methods for New Radio, V16.0.0 (2018-09)

[5] TS38.101-2, User Equipment (UE) radio transmission and reception; Part 2: Range 2 Standalone, V15.3.0 (2018-09)
[image: image13.png]Histogram of 50% EIRP for constant step size grid
with step size of 1°
700
| COF with sin() scaling of POF
600
500 |-
g a00f
f=4 5 10 15 20 25
g EIRP [dBm]
o
2 300}
T
200
100

0
18448 18.45 18.452 18.454 18456 18.458 18.46 18.462 18.464
EIRP [dBm]




[image: image14.png]CDF

CDF for constant density grid: ChPa

CDF for constant density grid: ChPa

CDF for constant density grid: ChPa

1 T T T 1 I ; T 1 I ;
Simulations with 500 pts Simulations with 70 pts Simulations with 30 pts
Reference Reference Reference
9% ti 9% ti 9% ti
0| | *rmmeun 50%-tile CDF target 0| | *rmmeun 50%-tile CDF target 0| | *rmmeun 50%-tile CDF target
0.6 - 0.6 -
w
............................................................................. a
o
04 0.4
0.2 0.2
L . . " L 0 . . 0 L .
4 6 8 10 12 14 16 18 20 22 24 6 8 10 12 14 16 18 20 22 24 6 8 10 12 14 16 18 20 22
EIRP [dBm] EIRP [dBm] EIRP [dBm]

24



[image: image15.png]6.00

5.00

b
=}
S

~
=}
S

Max Range of 50%-CDF EIRP [dB]
&
o

1.00

0.00

Spherical Coverage Analysis for 8x2

100

—e— Const Step-Peak On Grid
--m-- Const Step-Peak Completely Random
—e— Const Dens-Peak on Grid

--m-- Const Dens-Peak Completely Random

200 300 400
# of grid points

500



[image: image16.png]STD [dB]

Spherical Coverage Analysis
1.0
0.9 —e—3x2 (Constant Step)
—e—4x2 (Constant Step)

0.8

—e—38x2 (Constant Dens.)
0.7

—e—4x2 (Constant Dens.)

0.6

0.5

0.4

03

0.2

0.1

0.0
0 100 200 300 400 500

# of grid points



[image: image17.png]0.30

0.25

0.20

=}
o
«

Mean Error [dB]

o
s
o

0.05

0.00

-
\
\
v
\
\
\
\
\
\

\
\
\
\
\
\
A
\

100

Spherical Coverage Analysis for 8x2

—e— Const Step-Peak On Grid

--m--Const Step-Peak Completely Random
—e— Const Dens-Peak on Grid

--m-- Const Dens-Peak Completely Random

200 300

400
# of grid points

500



[image: image18.png]STD [dB]

1.0

0.9

0.8

0.7

0.6

0.5

0.4

03

0.2

0.1

0.0

n --m--Const Step-Peak Completely Random

Spherical Coverage Analysis for 8x2

—=e@— Const Step-Peak On Grid

—=e— Const Dens-Peak on Grid

--m-- Const Dens-Peak Completely Random

100 200 300 400 500
# of grid points



[image: image19.png]STD [dB]

1.0

0.9

0.8

0.7

0.6

0.5

0.4

03

0.2

0.1

0.0

Spherical Coverage Analysis

—e—38x2 (Constant Step)

—e—38x2 (Constant Dens.)

100 200 300 400 500
# of grid points



