3GPP TSG-RAN WG4 Meeting #89


R4-1816716
Spokane, USA, 12 - 16 November 2018
	CR-Form-v11.2.1

	CHANGE REQUEST

	

	
	38.810
	CR
	-
	rev
	-
	Current version:
	16.0.0
	

	

	For HELP on using this form: comprehensive instructions can be found at 
http://www.3gpp.org/Change-Requests.

	


	Proposed change affects:
	UICC apps
	
	ME
	X
	Radio Access Network
	
	Core Network
	


	

	Title:

	Measurement grid point for Beam Peak direction search and Spherical Coverage to 38.810

	
	

	Source to WG:
	Rohde & Schwarz, Keysight Technologies

	Source to TSG:
	R4

	
	

	Work item code:
	FS_NR_test_methods
	
	Date:
	2018-11-16

	
	
	
	
	

	Category:
	F
	
	Release:
	Rel-16

	
	Use one of the following categories:
F  (correction)
A  (mirror corresponding to a change in an earlier release)
B  (addition of feature), 
C  (functional modification of feature)
D  (editorial modification)

Detailed explanations of the above categories can
be found in 3GPP TR 21.900.
	Use one of the following releases:
Rel-8
(Release 8)
Rel-9
(Release 9)
Rel-10
(Release 10)
Rel-11
(Release 11)
Rel-12
(Release 12)
Rel-13
(Release 13)
Rel-14
(Release 14)
Rel-15
(Release 15)
Rel-16
(Release 16)

	
	

	Reason for change:
	Missing analyses for beam peak search and spherical coverage measurement grids

	
	

	Summary of change:
	Add analysis for beam peak search and spherical coverage measurements grid types and implementations. 

	
	

	Consequences if not approved:
	Beam peak search and spherical coverage procedures could be implemented incorrectly. Faster and more accurarte measurement approaches would not be captured properly including analyses in the TR

	
	

	Clauses affected:
	Annex G

	
	

	
	Y
	N
	
	

	Other specs
	
	X
	 Other core specifications

	TS/TR ... CR ... 

	affected:
	X
	
	 Test specifications
	TS/TR .38.521-2.. CR ... 

	(show related CRs)
	
	X
	 O&M Specifications
	TS/TR ... CR ... 

	
	

	Other comments:
	


<< Start of Changes in Annex G>>

G.2
Beam Peak Search Measurement Grids
G.2.1
Assumptions
The simulation assumptions for the beam peak measurement grids are the same as outlined in Annex G.1.1. 
G.2.2
Grid Types
Same grids as in G.1.2 are considered. 
G.2.3 Simulation results
The most realistic approach is to analyse the statistical distribution of the beam peak error for a large number of random orientations. 
For the simulations, the relative orientation of the simulated antenna array and the measurement grid was altered randomly. The statistical results from simulations using 50,000 random orientations are then used to determine mean error, standard deviation and percentile analysis on CDF curve of all maximum EIRPs for each measurement grid. The EIRPs are normalized by the known 8x2 antenna peak antenna gain. 
Sample histograms and CDF distributions for the beam peak error for constant step-size measurement grids are shown in Figure G.2.3-1 and for the constant density measurement grid (based on the charged particle implementation) in Figure G.2.3-2. The histograms show a half-normal distribution. 

Given the half-normal distribution, the MU term should be based on the determination of the offset from the beam peak that contains 95% of the distribution (alternatively, the value at which the CDF is 5%).  This offset shall be considered a systematic error in the MU budget. The various statistical metrics are illustrated in Figure G.2.3-3.

[image: image1.png]Histogram

1800

1600

1400

1200

N
o
o
o

800

600

400

200

I Histogram/PDF
CDF

Beam Peak Error (Max EIRP - Beam Peak EIRP) [dB]

0.9



 [image: image2.png]3000

I Histogram/PDF
CDF 4109

2500

2000

Histogram
@
o
o

1000

500

-04 03 -03 -025 -02 -0.15 -01 -0.05 0
Beam Peak Error (Max EIRP - Beam Peak EIRP) [dB]



 [image: image3.png]3000

I Histogram/PDF
CDF 4109

2500

2000

Histogram
@
o
o

1000

500

-1 -09 -08 -07 -06 -05 -04 -03 -02 -01 0
Beam Peak Error (Max EIRP - Beam Peak EIRP) [dB]




Figure G.2.3-1: Histogram of maximum beam peak errors for sample constant-step size meausurement grids (left: 2.5o, middle: 5o, right: 7.5o step size) 
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Figure G.2.3-2: Histogram of maximum beam peak errors for sample constant density measurement grids (left: 4000, middle: 1500, right: 500 grid points)
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Figure G.2.3-3: Statistical metrics for a sample half-normal distribution

The mean error and the standard deviation, and the offset at which the CDF is 5% are tabulated in Table G.2.3-1 for the constant step size grids and Table G.2.3-2 for the constant density grids and plotted in Figures G.2.3-4. Figure G.2.3-5 and Figure G.2.3-6 respectively.

Table G.2.3-1: Statistical Analyses of the 50k simulations for the constant step size grids

	Angular Step Size [deg]
	Number of unique grid points
	Mean Error [dB]
	STD [dB]
	Offset5%CDF [dB]

	2.5
	10226
	0.02
	0.02
	0.05

	3.0
	7082
	0.02
	0.02
	0.08

	3.6
	4902
	0.04
	0.04
	0.11

	4.0
	3962
	0.05
	0.04
	0.14

	4.5
	3122
	0.06
	0.06
	0.17

	5.0
	2522
	0.07
	0.07
	0.21

	6.0
	1742
	0.10
	0.10
	0.31

	7.5
	1106
	0.16
	0.15
	0.48

	9.0
	762
	0.23
	0.22
	0.69

	10.0
	614
	0.29
	0.27
	0.84

	12.0
	422
	0.42
	0.39
	1.21

	15.0
	266
	0.65
	0.60
	1.88


Table G.2.3-2: Statistical Analyses of the 50k simulations for the constant-density grids
	Number of unique grid points
	Mean Error [dB]
	STD [dB]
	Offset5%CDF [dB]

	50
	2.93
	2.25
	7.08

	70
	2.13
	1.69
	5.85

	100
	1.50
	1.24
	4.08

	150
	1.00
	0.82
	2.73

	200
	0.74
	0.61
	2.00

	300
	0.49
	0.40
	1.34

	400
	0.37
	0.30
	1.00

	500
	0.29
	0.24
	0.80

	600
	0.24
	0.20
	0.67

	750
	0.19
	0.16
	0.54

	800
	0.18
	0.15
	0.50

	820
	0.18
	0.15
	0.49

	850
	0.17
	0.14
	0.48

	900
	0.16
	0.13
	0.44

	1000
	0.15
	0.12
	0.40

	1200
	0.12
	0.10
	0.33

	1400
	0.10
	0.09
	0.29

	1500
	0.10
	0.08
	0.27

	2000
	0.07
	0.06
	0.20

	3000
	0.05
	0.04
	0.13

	4000
	0.04
	0.03
	0.10

	6000
	0.02
	0.02
	0.07

	8000
	0.02
	0.02
	0.05
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Figure G.2.3-4: Mean error of the 50k simulations
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Figure G.2.3-5: Standard deviation of the 50k simulations

[image: image10.png]1.00

0.75

Offsetgg,cpr [dB]
o
w
o

0.25

0.00

2000

4000

—e—Constant Step Size (50k Simulations)

—e— Constant Density (50k Simulations)

6000 8000
Grid Points

10000




Figure G.2.3-6: Offset from the beam peak at which the CDF is 5% of the 50k simulations

It can be seen that 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, and offsets from beam peak at which CDF is 5% of less than about 0.5dB. 

In Table G.2.3-3, the minimum number of unique grid points are listed for each grid type investigated for sample systematic errors of ‘Beam Peak Search’ of 0.2 to 0.7dB. The option with the 0.5dB seems to be best compromise in terms of MU and test points/test time. 

Table G.2.3-3: Minimum number of unique grid points for sample systematic errors

	Systematic Error of ‘Beam Peak Search’: Offset from Beam Peak at which CDF is 5% 
	Minimum Number of Unique Grid Points for Constant Step Size Grid
	Minimum Number of Unique Grid Points for Constant Density Grid

	0.2dB
	2522 (5o step size)
	2000

	0.3dB
	1742 (6o step size)
	1500

	0.4dB
	N/A
	1000

	0.5dB
	1106 (7.5ostep size)
	800

	0.6dB
	N/A
	750

	0.7dB
	762 (9o step size)
	600


Taking into account simulation results above and in order to make a reasonable trade-off with measurement uncertainties, it is recommended to use for beam peak search the following measurement grids leading to a systematic error of “Beam Peak Search” of 0.5 dB:

· Constant density grid (using the charged particle implementation) with at least 800 grid points.
· Constant step size grid with at least 1106 grid points, corresponding to an angular step size of 7.5º.
The metric using a single, fine grid for the TX beam peak search is EIRP and for the RX beam peak search it is EIS. 
G.2.4 Coarse and fine measurement grids
The baseline beam peak search is based on a single and fine beam peak search grid to determine the TX/RX beam peak of the DUT in any given direction. This means that even in sectors where poor EIRP/EIS performance is observed, a very fine grid is used to search for the TX/RX beam peak.  

An optimized approach, based on an initial coarse search followed by a subsequent fine search could reduce the number of beam peak search grid points significantly. The basis for this approach is to use a coarse grid with fewer number of points than the ones described in section G.2.3 in the first stage to identify candidate regions that contain the global beam peak and search for the global beam peak with the fine grid in the second stage with a minimum number of points described in section G.2.3.
As an example, Figure G.2.4-1 illustrates the coarse and fine measurement grid approach applied to TX beam search; while this illustration is for EIRP, it can easily be extended to RX beam peak search using EIS or throughput metrics For simplification purposes, 2D coarse and fine searches are illustrated but the concept can be extended to 3D easily. The UE is assumed to form a total of six beams in the 2D plane as illustrated on the left of Figure G.2.4-1. In the centre of Figure G.2.4-1, the 36 coarse beam peak search grid points in the 2D plane are illustrated. On the right, the grey circles on the respective antenna patterns illustrate the measured EIRP values towards each coarse grid point direction based on the respective beam steering directions. This illustration shows that the EIRP beam peak of the coarse search, EIRPCSBP, is found to be the peak of the orange beam while the global TX beam peak (red beam) was not identified due to the coarse sampling of the grid points. 


[image: image11]
Figure G.2.4-1: Illustration of the Coarse Search Approach for TX Beam Peak Search. Left: Antenna Pattern assumptions in 2D, Centre: Coarse beam peak search grid points/discrete antenna measurement positions, Right: TX beam EIRP measurements per grid point

The proposed fine search approach is illustrated further in Figure G.2.4-2. A fine search region starting from the beam peak identified in the coarse search, EIRPCSBP, over a range of FS is used to identify the regions that need to be investigated more closely with the fine search algorithm. The fine search range FS is a function of the angular spacing of the coarse beam peak search grid as well as the beam width of the reference antenna pattern considered for smartphone UEs. 


[image: image12]
Figure G.2.4-2: Illustration of the fine beam peak search grid. Left: identify the measurement grid points that yielded EIRP values within the fine search region, right: placement of fine beam peak search grid points
Figure G.2.4-3 illustrates coarse and fine grids for constant step size measurement grids while Figure G.2.4-4 illustrates the same for constant density grid.
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Figure G.2.4-3: Illustration: Coarse& Fine Constant Step Size Grids
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Figure G.2.4-4: Illustration: Coarse& Fine Constant Density Grids
The metric using a coarse & fine grid approach for the TX beam peak search is EIRP for both grids. For RX beam peak search either EIS or Throughput could be used for coarse grids while only EIS for fine grid,
G.3
Spherical coverage Measurement Grids

G.3.1
Assumptions
The simulation assumptions for the spherical coverage grids are the same as outlined in Annex G.1.1. 
Regarding the antenna implementation and beamformer, the following assumptions have been made (refer to Figure G.3.1-1):

· Two 8x2 antenna arrays are integrated in the UE for the spherical coverage analyses

· The implementation loss for the antenna near the front is 5dB less than that for the antenna near the back

· For Beam Steering Assumptions

· In the xz plane, 45o beam steering granularity (from 45o to 135o) has been used
· In the xy plane, 22.5o beam steering granularity (from -90o to 90o) has been used

[image: image15]
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Figure G.3.1-1:  Illustration of the two antenna arrays integrated in the UE.

Regarding UE Orientations/Rotations, the following assumptions were made 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.
When using constant step size measurement grids, a theta-dependent correction shall be applied, i.e., the PDF probability contribution for each measurement point is scaled by sin(theta)
G.3.2
Grid Types
Same grids as in G.1.2 are considered.
G.3.3 Simulation results

G.3.3.1 EIRP spherical coverage
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 G.3.3.1-1 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 G.3.3.1-1a are based on the PDF scaled by sin(), the curves in Figure G.3.3.1-1b 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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  (a)                                                                        (b)

Figure G.3.3.1-1: 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 Power Class 3, 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 G.3.3.1-2.
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Figure G.3.3.1-2: Sample Histogram of the 10000 min EIRPs at the 50%-tile CDF for a very fine 1º constant step size measurement grid.
G.3.3.1.1 Analyses with 8x2 Antenna Array with Beam Peak on the Measurement Grid

The results shown in this section are based on the 8x2 antenna array with the beam peak always aligned on a grid point. 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 G.3.3.1.1-1 and sample CDF curves of the EIRP50%CDF for some sample grids are shown in Figure G.3.3.1.1-1.

Table G.3.3.1.1-1: 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


It can be observed that:

· 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. 

· 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. 
[image: image19.png]CDF

Constant step size grid with step size of 10

Peak on Grid: yes

1CDF with sin(0) scaling of PDF

0.8

0.6

0.4

0.2

chF without sin(0) scaling of PDF

Simulations with 10*
Reference
......... 50%ile target

Simulations with 10°
Reference
50%tile target

5 10 15 20 25
EIRP [dBm]

5 10 15 20 25
EIRP [dBm]



 [image: image20.png]Constant step size grid with step size of 20”
Peak on Grid: yes

1CDF with sin(0) scaling of PDF chF without sin(0) scaling of PDF

CDF

0.8

0.6

0.4

0.2

Simulations with 20"
Reference
......... 50%ile target

5 10 15

EIRP [dBm]

20

25

Simulations with 20"
Reference
50%tile target

10

15
EIRP [dBm]

20

25



 [image: image21.png]Constant step size grid with step size of 30
Peak on Grid: yes

1CDF with sin(0) scaling of PDF chF without sin(0) scaling of PDF

CDF

0.8

0.6

0.4

0.2

Simulations with 30"
Reference
......... 50%ile target

Simulations with 30°
Reference
........ 50%-tile target

5 10 15

EIRP [dBm]

20

25

10 15
EIRP [dBm]

20

25




Figure G.3.3.1.1-1: 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 G.3.3.1.1-2 and sample CDF curves for some grids are shown in Figure G.3.3.1.1-2. 

Table G.3.3.1.1-2: 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
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Figure G.3.3.1.1-2: CDF results for the 8x2 antenna array for constant density measurement grids and the beam peak always aligned on a grid point.

It can be observed that:

· 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 (using the charged particle implementation). 

· 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 G.3.3.1.1-3 for the 8x2 antenna with the beam peak always placed on a grid point.
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Figure G.3.3.1.1-3: Comparison of the standard deviation of EIRP50%CDF for the 8x2 antenna with the beam peak always placed on a grid point.

The constant density measurement grids require fewer measurement points than the constant step size grids to achieve the same standard deviation. 
G.3.3.1.2 Analyses with 8x2 Antenna Array with Beam Peak oriented completely randomly

The results in this section are 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 G.3.3.1.2-1.

Table G.3.3.1.2-1: 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 G.3.3.1.2-2. 

Table G.3.3.1.2-2: 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 Figures G.3.3.1.2-1 and G.3.3.1.2-2 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 G.3.3.1.2-3 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.  
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Figure G.3.3.1.2-1: Comparison of the standard deviation for the 8x2 antenna.
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Figure G.3.3.1.2-2: Comparison of the mean error for the 8x2 antenna.
[image: image26.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




Figure G.3.3.1.2-3: Comparison of the max range of EIRP50%CDF for the 8x2 antenna.

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. 
G.3.3.1.2.3 Conclusions
According to results in section G.3.3.1.1 and G.3.3.1.2, the following conclusions can be extracted:

· The EIRP spherical coverage measurement can 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. 
· In order to make a reasonable trade-off with measurement uncertainties, it is recommended to use for spherical coverage grids measurement grids with at least 200 unique measurement points, i.e., 
· constant density grid (using the charged particle implementation) with at least 200 grid points: STD of 0.11dB and 0dB Mean Error

· constant step size grid with at least 266 grid points: STD of 0.12dB and 0dB Mean Error

G.3.3.2 EIS spherical coverage
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 G.3.3.2-1 for an EIS spherical coverage CDF analysis based on 10000 random UE orientations with a 1o constant step size grid. While the CDF curves in Figure G.3.3.2-1a are based on the PDF scaled by sin(), the curves in Figure G.3.3.2-1b 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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  (a)                                                                        (b)

Figure G.3.3.2-1: 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 EISs, EIS50%CDF, is performed. For the example of the 1o constant step size grid, the histogram is shown in Figure G.3.3.2-2.
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Figure G.3.3.2-2: Sample Histogram of the 10000 min EISs at the 50%-tile CDF for a very fine 1o constant step size measurement grid.

While EIRP is measured with a seemingly infinitesimal power accuracy by the test equipment, EIS is determined for finite DL power levels which has to be taken into account for the analyses. For instance, if the “true” EIS in a direction was -90.65dBm, the EIS following EIS values would be measured:

· -90.6dBm for a 0.1dB DL power step size

· -90.5dBm for a 0.5dB DL power step size

· -90dBm for a 1dB DL power step size

The analyses in this contribution are taking an unrealistic infinitesimal DL power step size as well as finite 0.1, 0.5, and 1dB step sizes into account. 

G.3.3.2.1 Analyses with 8x2 Antenna Array with Beam Peak on the Measurement Grid

The results shown in this section are based on the 8x2 antenna array with the beam peak always aligned on a grid point. 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 G.3.3.2.1-1 and plotted in Figure G.3.3.2.1-1. Sample CDF curves of the EIS50%CDF for some sample grids are shown in Figure G.3.3.2.1-2.

Table G.3.3.2.1-1: Statistical results of the EIS50%CDF for the 8x2 antenna array for constant step size measurement grids and the beam peak always aligned on a grid point.

	
	
	DL Power Step Size: infinitesimal 
	DL Power Step Size: 0.1dB
	DL Power Step Size: 0.5dB
	DL Power Step Size: 
1dB

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

	6.0
	1742
	0.03
	0.01
	0.24
	0.03
	0.10
	0.25
	0.03
	0.51
	0.23
	0.02
	1.02
	0.22

	9.0
	762
	0.05
	0.02
	0.50
	0.05
	0.12
	0.48
	0.05
	0.52
	0.44
	0.04
	1.03
	0.42

	10.0
	614
	0.06
	0.01
	0.61
	0.06
	0.10
	0.54
	0.07
	0.51
	0.56
	0.05
	1.02
	0.53

	12.0
	422
	0.08
	0.02
	0.58
	0.08
	0.11
	0.55
	0.07
	0.51
	0.53
	0.07
	1.02
	0.49

	15.0
	266
	0.13
	0.02
	1.15
	0.12
	0.10
	1.15
	0.12
	0.51
	1.01
	0.10
	1.04
	0.97

	20.0
	146
	0.18
	0.11
	1.13
	0.18
	0.18
	1.14
	0.17
	0.58
	1.21
	0.17
	1.10
	1.27

	22.5
	114
	0.29
	0.09
	2.07
	0.29
	0.17
	2.07
	0.28
	0.55
	1.90
	0.28
	1.07
	1.89

	30.0
	62
	0.50
	0.03
	2.93
	0.50
	0.04
	2.90
	0.49
	0.39
	2.92
	0.49
	0.86
	3.10

	45.0
	26
	0.91
	0.34
	4.76
	0.92
	0.43
	4.83
	0.92
	0.72
	4.92
	0.89
	1.17
	5.33


It can be observed that:

· With the beam peak always aligned on the measurement grid, the standard deviation of the EIS50%CDF is negligible (<0.1dB) for more than ~350 unique measurement points for constant step size grids. 
· The DL power step size has no impact on the standard deviation for constant-step size measurement grids. 
· With the beam peak always aligned on the measurement grid, the mean error of the EIS50%CDF roughly matches the DL power step size with more than ~200 unique measurement points for constant step size grids. 
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Figure G.3.3.2.1-1: Statistical results of the EIS50%CDF for the 8x2 antenna array for constant step size measurement grids and the beam peak always aligned on a grid point, on the left: standard deviation, on the right: mean error
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Figure G.3.3.2.1-2: CDF results for the 8x2 antenna array for constant step size measurement grids and the beam peak always aligned on a grid point. On top: DL power step size of 0.1dB, on bottom: DL power step size: 1dB.

Similar results for the constant-density measurement grids are tabulated in Table G.3.3.2.1-2 and sample CDF curves for some grids are shown in Figure G.3.3.2.1-3.
Table G.3.3.2.1-2: Statistical results of the EIS50%CDF for the 8x2 antenna array for constant density measurement grids and the beam peak always aligned on a grid point.

	 
	DL Power Step Size: infinitesimal
	DL Power Step Size: 0.1dB
	DL Power Step Size: 0.5dB
	DL Power Step Size: 
1dB

	Number of unique grid points
	STD [dB]
	|Mean Error| [dB]
	Span [dB]
	STD [dB]
	|Mean Error| [dB]
	Span [dB]
	STD [dB]
	|Mean Error| [dB]
	Span [dB]
	STD [dB]
	|Mean Error| [dB]
	Span [dB]

	30
	0.50
	0.01
	3.63
	0.50
	0.09
	3.60
	0.51
	0.39
	3.20
	0.47
	0.91
	3.28

	40
	0.45
	0.05
	3.19
	0.45
	0.02
	3.20
	0.44
	0.34
	2.79
	0.43
	0.88
	2.83

	50
	0.37
	0.06
	2.83
	0.37
	0.01
	2.80
	0.38
	0.34
	2.83
	0.38
	0.87
	2.85

	70
	0.23
	0.08
	1.90
	0.23
	0.15
	1.80
	0.23
	0.51
	1.80
	0.23
	1.04
	1.74

	100
	0.19
	0.04
	1.35
	0.19
	0.13
	1.35
	0.20
	0.50
	1.44
	0.18
	1.05
	1.22

	150
	0.15
	0.03
	1.23
	0.15
	0.06
	1.23
	0.15
	0.44
	1.19
	0.14
	0.97
	1.18

	200
	0.10
	0.00
	0.93
	0.09
	0.08
	0.88
	0.10
	0.48
	0.79
	0.09
	1.01
	0.73

	300
	0.08
	0.02
	0.65
	0.07
	0.07
	0.58
	0.08
	0.47
	0.60
	0.07
	1.01
	0.53

	400
	0.07
	0.01
	0.52
	0.06
	0.08
	0.54
	0.07
	0.48
	0.45
	0.05
	1.00
	0.43

	500
	0.06
	0.01
	0.42
	0.05
	0.08
	0.43
	0.06
	0.48
	0.45
	0.05
	1.00
	0.43
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Figure G.3.3.2.1-3: Statistical results of the EIS50%CDF for the 8x2 antenna array for constant density measurement grids and the beam peak always aligned on a grid point, on the left: standard deviation, on the right: mean error
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Figure G.3.3.2.1-4: CDF results for the 8x2 antenna array for constant density measurement grids and the beam peak always aligned on a grid point. From left to right: 700, 70, and 50 grid points. On top: DL power step size of 0.1dB, on bottom: DL power step size: 1dB.

It can be observed that:

· With the beam peak always aligned on the measurement grid, the standard deviation of the EIS50%CDF is negligible (<0.1dB) for more than ~200 unique measurement points for constant density grids (using the charged particle implementation). 
· The DL power step size has no impact on the standard deviation for constant density measurement grids. 
· With the beam peak always aligned on the measurement grid, the mean error of the EIS50%CDF roughly matches the DL power step size with more than ~200 unique measurement points for constant density grids. 

The standard deviations between the constant step size and constant density grids is shown in Figure G.3.3.2.1-5 for the 8x2 antenna with the beam peak always placed on a grid point with a DL power step size of 0.1dB.
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Figure G.3.3.2.1-5: Comparison of the standard deviation of EIS50%CDF for the 8x2 antenna with the beam peak always placed on a grid point. DL power step size of 0.1dB. 

It can be seen that the constant density measurement grids require slightly fewer measurement points than the constant step size grids to achieve the same standard deviation. 

G.3.3.2.2 Analyses with 8x2 Antenna Array with Beam Peak oriented completely randomly

The results in this section are 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. EIS value at the 50%-tile CDF is of interest. It is understood that the CDF curve cannot be used to accurately determine the RX beam peak (100%-tile CDF). 

The results for various constant-step size measurement grids are tabulated in Table G.3.3.2.2-1.

Table G.3.3.2.2-1: Statistical results of EIS50%CDF for the 8x2 antenna array for constant step size measurement grids and the beam peak oriented in completely random orientations.

	
	
	DL Power Step Size: infinitesimal 
	DL Power Step Size: 0.1dB
	DL Power Step Size: 0.5dB
	DL Power Step Size: 
1dB

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

	6.0
	1742
	0.03
	0.00
	0.24
	0.03
	0.10
	0.22
	0.03
	0.50
	0.22
	0.02
	1.02
	0.19

	9.0
	762
	0.05
	0.00
	0.43
	0.05
	0.10
	0.44
	0.05
	0.50
	0.38
	0.04
	1.02
	0.40

	10.0
	614
	0.06
	0.00
	0.52
	0.06
	0.10
	0.52
	0.06
	0.50
	0.44
	0.05
	1.02
	0.42

	12.0
	422
	0.08
	0.01
	0.76
	0.07
	0.10
	0.63
	0.07
	0.50
	0.57
	0.07
	1.02
	0.66

	15.0
	266
	0.12
	0.02
	1.08
	0.12
	0.10
	1.00
	0.11
	0.50
	1.02
	0.10
	1.02
	0.94

	20.0
	146
	0.17
	0.03
	1.27
	0.17
	0.11
	1.22
	0.17
	0.50
	1.21
	0.16
	1.02
	1.25

	22.5
	114
	0.24
	0.05
	1.87
	0.23
	0.12
	1.88
	0.23
	0.51
	1.88
	0.22
	1.03
	1.88

	30.0
	62
	0.49
	0.13
	3.45
	0.50
	0.22
	3.13
	0.48
	0.57
	3.35
	0.47
	1.06
	3.06

	45.0
	26
	0.86
	0.28
	5.71
	0.86
	0.36
	5.83
	0.86
	0.70
	5.59
	0.82
	1.12
	5.64


Similar results for the constant-density measurement grids are tabulated in Table G.3.3.2.2.-2. 

Table G.3.3.2.2-2: Statistical results of EIS50%CDF for the 8x2 antenna array for constant density measurement grids and the beam peak oriented in completely random orientations.

	 
	DL Power Step Size: infinitesimal
	DL Power Step Size: 0.1dB
	DL Power Step Size: 0.5dB
	DL Power Step Size: 
1dB

	Number of unique grid points
	STD [dB]
	|Mean Error| [dB]
	Span [dB]
	STD [dB]
	|Mean Error| [dB]
	Span [dB]
	STD [dB]
	|Mean Error| [dB]
	Span [dB]
	STD [dB]
	|Mean Error| [dB]
	Span [dB]

	30
	0.56
	0.16
	3.85
	0.56
	0.23
	4.20
	0.55
	0.57
	3.50
	0.53
	1.03
	3.63

	40
	0.50
	0.15
	3.87
	0.50
	0.23
	3.40
	0.49
	0.58
	3.77
	0.47
	1.04
	3.67

	50
	0.41
	0.11
	3.25
	0.41
	0.18
	3.10
	0.39
	0.54
	2.87
	0.38
	1.03
	2.83

	70
	0.25
	0.06
	2.31
	0.24
	0.14
	2.20
	0.24
	0.51
	2.02
	0.23
	1.02
	2.00

	100
	0.20
	0.03
	1.50
	0.20
	0.11
	1.58
	0.19
	0.50
	1.41
	0.18
	1.00
	1.35

	150
	0.17
	0.02
	1.36
	0.17
	0.10
	1.43
	0.17
	0.50
	1.33
	0.15
	1.00
	1.37

	200
	0.10
	0.02
	0.80
	0.10
	0.10
	0.86
	0.10
	0.50
	0.79
	0.09
	1.01
	0.74

	300
	0.08
	0.01
	0.65
	0.08
	0.10
	0.66
	0.08
	0.50
	0.56
	0.07
	1.01
	0.67

	400
	0.06
	0.01
	0.54
	0.06
	0.10
	0.49
	0.06
	0.50
	0.44
	0.05
	1.01
	0.48

	500
	0.06
	0.01
	0.53
	0.06
	0.10
	0.47
	0.06
	0.50
	0.43
	0.05
	1.01
	0.42


The standard deviations and mean errors for the constant step size and constant density grids are shown in Figure G.3.3.2.2-1 and in Figure G.3.3.2.2-2, 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 G.3.3.2.2-3 is looking at the max range of the 50%-tile CDF EISs which is the difference between the max and the min 50%-tile CDF EISs.  
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Figure G.3.3.2.2-1: Comparison of the standard deviation for the 8x2 antenna. DL power step size of 0.1dB.
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Figure G.3.3.2.2-2: Comparison of the mean error for the 8x2 antenna. DL power step size of 0.1dB.
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Figure G.3.3.2.2-3: Comparison of the max range of EIS50%CDF for the 8x2 antenna. DL power step size of 0.1dB.

For the 8x2 reference antenna array, the standard deviation of the EIS at the 50%-tile CDF is independent on whether the beam peak is on the measurement grid or not. 
G.3.3.2.3 Conclusions
According to results in section G.3.3.2.1 and G.3.3.2.2, the following conclusions can be made:

· The EIS spherical coverage measurement to be performed without having to have the beam peak placed on a grid point, e.g., for coarse grids of beam peak searches. 
· In order to make a reasonable trade-off with measurement uncertainties, it is recommended to use for spherical coverage grids with at least 200 unique measurement points, i.e., 

· constant density grid with at least 200 grid points: STD of 0.1dB and Mean Error: DL power step size

· constant step size grid with at least 266 grid points: STD of 0.12dB and Mean Error: DL power step size 

G.3.4 Clarification of Min. EIRP at fixed CDF value
For FR2, requirements have been defined for minimum EIRP at a fixed CDF percentile and similar spherical requirements are expected for maximum EIS. 

Especially for coarse spherical coverage measurement grids, the number of non-zero PDF values could be very limited which causes the CDF curve to appear staggered. One sample, simulated CDF curve is shown in Figure G.3.4-1 for a coarse measurement grid (in this case, a constant step size measurement grid with angular spacing in  and  of 30o). 
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Figure G.3.4-1: Sample CDF Curve for a coarse measurement grid

While for very fine measurement grids, the definition of the min EIRP at the target CDF, EIRPtarget-CDF, is pretty clear since the CDF curve is smooth, the definition of the EIRP value at the respective CDF target should be clarified for coarse grids with staggered CDF curves. Two scenarios are outlined in Figure G.3.4-2; Figure G.3.4-2a shows the case where the CDF is not met with any EIRP value while in Figure G.3.4-2b, the target CDF is met with one (or more, as illustrated) EIRP values. 
For the case shown in Figure G.3.4-2a, min. EIRP at the target CDF shall be determined based on an interpolation of the CDF curve between the top of raising edges located right above the CDF target (blue circle) and right below the target (green circle). 
For the case where the target CDF is met with one or more EIRP value, as illustrated in Figure G.3.4-2b, min. EIRP at the target CDF shall be determined as the min. EIRP value that meets the CDF target. 
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Figure G.3.4-2: Illustration of CDF scenarios, a) CDF target is not met with any EIRP value, b) CDF target is met with one or more EIRP values.
It can be concluded that, for the case when the target CDF is not met with any EIRP values, the min. EIRP at the target CDF is determined based on an interpolation of the CDF curve between the raising edges located right above the CDF target and right below the target. For the case where the target CDF is met with one more or EIRP value, define the min. EIRP at the target CDF as the min. EIRP value that meets the CDF target.
G.4
Combined Beam Peak and Spherical Coverage Analyses
Since the beam peak does not have to be aligned on the spherical coverage grid for spherical coverage analyses (as described in section G.3), the EIRP/EIS results from the EIRP/EIS beam peak search using single fine grids (as described in section G.2) could be re-used for EIRP/EIS spherical coverage which could further reduce the EIRP/EIS spherical coverage MU.
Coarse EIRP/EIS beam peak searches (as described in section G.2.3) can be used for EIRP/EIS spherical coverage analyses as long as they meet the minimum number of measurement points (200 grid points for constant density using the charged particle implementation and 266 for constant step size). As the fine grid points in the coarse & fine grid approach are localized near maximum beam peaks, only the results from the coarse search grid can be used for the CDF analyses. 

Subsequent fine search approaches using constant step size grids used to determine the EIRP/EIS beam peaks require a minimum step size of 7.5º
Subsequent fine search approaches using constant density grids used to determine the EIRP/EIS beam peaks require at least 6 points around the peak identified with the coarse grid, with a spacing corresponding to a constant density (using the charged particle implementation) over the whole sphere of at least 800 points.
Therefore, EIRP/EIS spherical coverage requirement can be verified using the results from the corresponding EIRP/EIS coarse beam peak search.
<< End of Changes in Annex G>>
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