[bookmark: _Hlk6897498][bookmark: _Hlk3548187][bookmark: _Toc508617208]3GPP TSG-RAN WG5 #85		R5-198265
Reno, NV, USA, 18 – 22 November 2019 

Agenda item:	5.3.5.17
Source:	Keysight Technologies
Title:	Proposals for Beam Peak and TRP Measurement Grids for PC1 UEs
Document for:	Discussion and Endorsement
Introduction
This contribution is presenting the Beam Peak and TRP measurement 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)



[bookmark: _GoBack]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
TRP Measurement Grid
The simulation assumptions including the antenna patterns for the TRP measurement grids are the same as Clause G.1 [2] except a 12x12 antenna array assumption instead of 8x2. 
The results tabulated in this section outline the results of a statistical analyses with the positioning concept taken into account, i.e., the analyses were performed with and without the assumption that the beam peak direction is oriented away from the hemisphere towards the pole at = 180o. Additionally, the standard deviations are presented when ranges of pattern values are disregarded (zeroed out). For the constant-step size measurement grids, three cases were investigated, i.e., no pattern values are disregarded, values only at one latitude at =180o, and the values at the bottom two latitudes are disregarded. The results with the re-positioning concept applied are summarized in Table 1 for the sin(theta) and the Clenshaw-Curtis quadratures while the results without the re-positioning concept applied are summarized in Table 2.
For the constant density measurement grids, a similar investigation was performed using the Charged Particle implementation. Since there are no latitudes defined, two cases investigated were: no pattern values are disregarded and values between165o ≤ ≤ 180o are disregarded. The results with the re-positioning concept applied are summarized in Table 3 for the Charged Particle implementation while the results without the re-positioning concept applied are summarized in Table 4.
In order to make a reasonable trade-off between measurement uncertainties, at least the following number of points shall be included in the measurement grid for TRP measurements PC1 UEs based on the assumption that the standard deviation does not exceed 0.25dB. If the re-positioning concept is not applied to TRP test cases:
-	480 measurement grid points for constant density grid – Charged Particle implementation, with standard deviation of 0.23 dB 
-	25 latitudes and 48 longitudes (1106 unique grid points) for constant step size grid – sin (theta) weights integration approach, with standard deviation of 0.07dB with the allowance to skip and interpolate measurements at the pole at =180o, see Annex M.4.4 [3]
-	21 latitudes and 40 longitudes (762 unique grid points) for constant step size grid – Clenshaw Curtis weights integration approach, with standard deviation of 0.24 dB with the allowance to skip and interpolate measurements at the pole at =180o, see Annex M.4.4 [3]
If the re-positioning concept is applied to TRP test cases:
-	500 measurement grid points for constant density grid – Charged Particle implementation, with standard deviation of 0.24 dB with the allowance to skip and interpolate measurements beyond 165o in , see Annex M.4.4 [3]
-	25 latitudes and 48 longitudes (1106 unique grid points) for constant step size grid – sin (theta) weights integration approach, with standard deviation of 0.14dB with the allowance to skip and interpolate measurements beyond 165o in , see Annex M.4.4 [3]
-	21 latitudes and 40 longitudes (762 unique grid points) for constant step size grid – Clenshaw Curtis weights integration approach, with standard deviation of 0.25 dB with the allowance to skip and interpolate measurements beyond 162o in , see Annex M.4.4 [3]



[bookmark: _Ref23873991]Table 1: Statistics of quadrature approaches for constant step size measurement grids for the 12x12 reference antenna array with the re-positioning concept applied.
	Number of
	Step Size =
	Number of Latitudes disregarded
	Mean Error [dB]
	Std. Dev [dB]
	Quadrature
	Re-Positioning Concept Applied

	Latitudes
	Longitudes
	
	
	
	
	
	

	37
	72
	5
	0
	0.00
	0.03
	Sin(theta)
	yes

	37
	72
	5
	0
	0.00
	0.00
	Clenshaw-Curtis
	yes

	37
	72
	5
	1
	0.00
	0.03
	Sin(theta)
	yes

	37
	72
	5
	1
	0.00
	0.01
	Clenshaw-Curtis
	yes

	37
	72
	5
	2
	-0.01
	0.07
	Sin(theta)
	yes

	37
	72
	5
	2
	-0.01
	0.06
	Clenshaw-Curtis
	yes

	25
	48
	7.5
	0
	-0.01
	0.09
	Sin(theta)
	yes

	25
	48
	7.5
	0
	0.00
	0.02
	Clenshaw-Curtis
	yes

	25
	48
	7.5
	1
	-0.01
	0.08
	Sin(theta)
	yes

	25
	48
	7.5
	1
	0.00
	0.03
	Clenshaw-Curtis
	yes

	25
	48
	7.5
	2
	-0.02
	0.14
	Sin(theta)
	yes

	25
	48
	7.5
	2
	-0.02
	0.11
	Clenshaw-Curtis
	yes

	21
	40
	9
	0
	-0.02
	0.28
	Sin(theta)
	yes

	21
	40
	9
	0
	0.00
	0.22
	Clenshaw-Curtis
	yes

	21
	40
	9
	1
	-0.02
	0.28
	Sin(theta)
	yes

	21
	40
	9
	1
	-0.01
	0.23
	Clenshaw-Curtis
	yes

	21
	40
	9
	2
	-0.04
	0.31
	Sin(theta)
	yes

	21
	40
	9
	2
	-0.03
	0.25
	Clenshaw-Curtis
	yes

	19
	36
	10
	0
	-0.05
	0.62
	Sin(theta)
	yes

	19
	36
	10
	0
	-0.03
	0.51
	Clenshaw-Curtis
	yes

	19
	36
	10
	1
	-0.04
	0.58
	Sin(theta)
	yes

	19
	36
	10
	1
	-0.03
	0.52
	Clenshaw-Curtis
	yes

	19
	36
	10
	2
	-0.08
	0.61
	Sin(theta)
	yes

	19
	36
	10
	2
	-0.07
	0.54
	Clenshaw-Curtis
	yes

	16
	30
	12
	0
	-0.26
	1.48
	Sin(theta)
	yes

	16
	30
	12
	0
	-0.23
	1.44
	Clenshaw-Curtis
	yes

	16
	30
	12
	1
	-0.23
	1.48
	Sin(theta)
	yes

	16
	30
	12
	1
	-0.23
	1.46
	Clenshaw-Curtis
	yes

	16
	30
	12
	2
	-0.32
	1.52
	Sin(theta)
	yes

	16
	30
	12
	2
	-0.26
	1.46
	Clenshaw-Curtis
	yes

	13
	24
	15
	0
	-0.78
	2.72
	Sin(theta)
	yes

	13
	24
	15
	0
	-0.72
	2.68
	Clenshaw-Curtis
	yes

	13
	24
	15
	1
	-0.77
	2.71
	Sin(theta)
	yes

	13
	24
	15
	1
	-0.76
	2.68
	Clenshaw-Curtis
	yes

	13
	24
	15
	2
	-0.83
	2.74
	Sin(theta)
	yes

	13
	24
	15
	2
	-0.85
	2.69
	Clenshaw-Curtis
	yes





[bookmark: _Ref23874124]Table 2: Statistics of quadrature approaches for constant step size measurement grids for the 12x12 reference antenna array without the re-positioning concept applied.
	Number of
	Step Size =
	Number of Latitudes disregarded
	Mean Error [dB]
	Std. Dev [dB]
	Quadrature
	Re-Positioning Concept Applied

	Latitudes
	Longitudes
	
	
	
	
	
	

	37
	72
	5
	0
	0.00
	0.03
	Sin(theta)
	No

	37
	72
	5
	0
	0.00
	0.00
	Clenshaw-Curtis
	No

	37
	72
	5
	1
	0.00
	0.03
	Sin(theta)
	No

	37
	72
	5
	1
	0.00
	0.02
	Clenshaw-Curtis
	No

	37
	72
	5
	2
	-0.03
	0.21
	Sin(theta)
	No

	37
	72
	5
	2
	-0.02
	0.18
	Clenshaw-Curtis
	No

	25
	48
	7.5
	0
	-0.01
	0.09
	Sin(theta)
	No

	25
	48
	7.5
	0
	0.00
	0.02
	Clenshaw-Curtis
	No

	25
	48
	7.5
	1
	-0.01
	0.07
	Sin(theta)
	No

	25
	48
	7.5
	1
	0.00
	0.06
	Clenshaw-Curtis
	No

	25
	48
	7.5
	2
	-0.06
	0.38
	Sin(theta)
	No

	25
	48
	7.5
	2
	-0.05
	0.35
	Clenshaw-Curtis
	No

	21
	40
	9
	0
	-0.02
	0.29
	Sin(theta)
	no

	21
	40
	9
	0
	-0.01
	0.22
	Clenshaw-Curtis
	no

	21
	40
	9
	1
	-0.02
	0.27
	Sin(theta)
	no

	21
	40
	9
	1
	-0.01
	0.24
	Clenshaw-Curtis
	no

	21
	40
	9
	2
	-0.09
	0.57
	Sin(theta)
	no

	21
	40
	9
	2
	-0.08
	0.53
	Clenshaw-Curtis
	no

	19
	36
	10
	0
	-0.04
	0.59
	Sin(theta)
	No

	19
	36
	10
	0
	-0.03
	0.51
	Clenshaw-Curtis
	No

	19
	36
	10
	1
	-0.04
	0.60
	Sin(theta)
	No

	19
	36
	10
	1
	-0.04
	0.52
	Clenshaw-Curtis
	No

	19
	36
	10
	2
	-0.15
	0.83
	Sin(theta)
	No

	19
	36
	10
	2
	-0.14
	0.77
	Clenshaw-Curtis
	No

	16
	30
	12
	0
	-0.24
	1.50
	Sin(theta)
	No

	16
	30
	12
	0
	-0.22
	1.44
	Clenshaw-Curtis
	No

	16
	30
	12
	1
	-0.28
	1.50
	Sin(theta)
	No

	16
	30
	12
	1
	-0.23
	1.46
	Clenshaw-Curtis
	No

	16
	30
	12
	2
	-0.42
	1.64
	Sin(theta)
	No

	16
	30
	12
	2
	-0.37
	1.59
	Clenshaw-Curtis
	No

	13
	24
	15
	0
	-0.79
	2.73
	Sin(theta)
	No

	13
	24
	15
	0
	-0.75
	2.67
	Clenshaw-Curtis
	No

	13
	24
	15
	1
	-0.75
	2.71
	Sin(theta)
	No

	13
	24
	15
	1
	-0.72
	2.67
	Clenshaw-Curtis
	No

	13
	24
	15
	2
	-0.97
	2.83
	Sin(theta)
	No

	13
	24
	15
	2
	-0.93
	2.76
	Clenshaw-Curtis
	No






[bookmark: _Ref23876566]Table 3: Statistics for constant density measurement grid types for the 12x12 reference antenna array with the re-positioning concept applied (charged particle implementation only)
	Number of Grid Points
	Range of Angles disregarded
	Mean Error [dB]
	Std. Dev [dB]
	Re-Positioning Concept Applied

	700
	none
	0.00
	0.05
	yes

	680
	none
	0.00
	0.06
	yes

	660
	none
	0.00
	0.07
	yes

	640
	none
	0.00
	0.07
	yes

	620
	none
	0.00
	0.08
	yes

	600
	none
	0.00
	0.09
	yes

	580
	none
	0.00
	0.11
	yes

	560
	none
	0.00
	0.11
	yes

	540
	none
	0.00
	0.14
	yes

	520
	none
	-0.01
	0.16
	yes

	500
	none
	-0.01
	0.19
	yes

	480
	none
	-0.01
	0.23
	yes

	460
	none
	0.00
	0.28
	yes

	440
	none
	-0.02
	0.32
	yes

	420
	none
	-0.02
	0.41
	yes

	400
	none
	-0.02
	0.45
	yes

	380
	none
	-0.05
	0.56
	yes

	360
	none
	-0.04
	0.65
	yes

	340
	none
	-0.08
	0.82
	yes

	320
	none
	-0.10
	0.93
	yes

	300
	none
	-0.16
	1.16
	yes

	700
	165o-180o
	-0.04
	0.15
	yes

	680
	165o-180o
	-0.04
	0.16
	yes

	660
	165o-180o
	-0.04
	0.15
	yes

	640
	165o-180o
	-0.03
	0.15
	yes

	620
	165o-180o
	-0.04
	0.16
	yes

	600
	165o-180o
	-0.03
	0.16
	yes

	580
	165o-180o
	-0.04
	0.18
	yes

	560
	165o-180o
	-0.04
	0.18
	yes

	540
	165o-180o
	-0.04
	0.20
	yes

	520
	165o-180o
	-0.04
	0.21
	yes

	500
	165o-180o
	-0.04
	0.24
	yes

	480
	165o-180o
	-0.04
	0.27
	yes

	460
	165o-180o
	-0.05
	0.33
	yes

	440
	165o-180o
	-0.04
	0.35
	yes

	420
	165o-180o
	-0.05
	0.43
	yes

	400
	165o-180o
	-0.05
	0.47
	yes

	380
	165o-180o
	-0.07
	0.59
	yes

	360
	165o-180o
	-0.08
	0.67
	yes

	340
	165o-180o
	-0.10
	0.84
	yes

	320
	165o-180o
	-0.15
	0.95
	yes

	300
	165o-180o
	-0.18
	1.17
	yes



[bookmark: _Ref23876579]Table 4: Statistics for constant density measurement grid types for the 12x12 reference antenna array without the re-positioning concept applied (charged particle implementation only)
	Number of Grid Points
	Range of Angles disregarded
	Mean Error [dB]
	Std. Dev [dB]
	Re-Positioning Concept Applied

	700
	none
	0.00
	0.05
	no

	680
	none
	0.00
	0.06
	no

	660
	none
	0.00
	0.07
	no

	640
	none
	0.00
	0.07
	no

	620
	none
	0.00
	0.08
	no

	600
	none
	0.00
	0.09
	no

	580
	none
	0.00
	0.11
	no

	560
	none
	0.00
	0.11
	no

	540
	none
	0.00
	0.14
	no

	520
	none
	0.00
	0.16
	no

	500
	none
	0.00
	0.19
	no

	480
	none
	-0.01
	0.23
	no

	460
	none
	-0.01
	0.28
	no

	440
	none
	0.00
	0.32
	no

	420
	none
	-0.02
	0.41
	no

	400
	none
	-0.02
	0.45
	no

	380
	none
	-0.04
	0.56
	no

	360
	none
	-0.05
	0.65
	no

	340
	none
	-0.07
	0.82
	no

	320
	none
	-0.10
	0.93
	no

	300
	none
	-0.16
	1.15
	no

	700
	165o-180o
	-0.12
	0.56
	no

	680
	165o-180o
	-0.10
	0.52
	no

	660
	165o-180o
	-0.10
	0.50
	no

	640
	165o-180o
	-0.08
	0.45
	no

	620
	165o-180o
	-0.10
	0.54
	no

	600
	165o-180o
	-0.09
	0.47
	no

	580
	165o-180o
	-0.11
	0.57
	no

	560
	165o-180o
	-0.10
	0.53
	no

	540
	165o-180o
	-0.12
	0.58
	no

	520
	165o-180o
	-0.10
	0.54
	no

	500
	165o-180o
	-0.10
	0.55
	no

	480
	165o-180o
	-0.08
	0.49
	no

	460
	165o-180o
	-0.11
	0.61
	no

	440
	165o-180o
	-0.12
	0.64
	no

	420
	165o-180o
	-0.11
	0.67
	no

	400
	165o-180o
	-0.11
	0.69
	no

	380
	165o-180o
	-0.16
	0.81
	no

	360
	165o-180o
	-0.14
	0.85
	no

	340
	165o-180o
	-0.18
	0.96
	no

	320
	165o-180o
	-0.23
	1.15
	no

	300
	165o-180o
	-0.24
	1.24
	no



Beam Peak Measurement Grid
The simulation assumptions including the antenna patterns for the TRP measurement grids are the same as Clause G.2 [2] except a 12x12 antenna array assumption instead of 8x2. 
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 12x12 antenna peak antenna gain.
Sample histograms and CDF distributions 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. 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 4.
[image: D:\OneDrive - Keysight Technologies\MATLAB\Measurement Grids\TX Beam Peak\PC1\BPerror_stepsize-2.5_NoOfRot-50000(Hist).png]  [image: D:\OneDrive - Keysight Technologies\MATLAB\Measurement Grids\TX Beam Peak\PC1\BPerror_stepsize-7.5_NoOfRot-50000(Hist).png]
[bookmark: _Ref23868899][bookmark: _Ref528606051]Figure 2: Histogram of maximum beam peak errors for sample constant-step size meausurement grids (left: 2.5o, right: 7.5o step size)

  [image: D:\OneDrive - Keysight Technologies\MATLAB\Measurement Grids\TX Beam Peak\PC1\BPerror(ConstDens)_NoOfPts-5000_NoOfRot-50000(Hist).png] [image: D:\OneDrive - Keysight Technologies\MATLAB\Measurement Grids\TX Beam Peak\PC1\BPerror(ConstDens)_NoOfPts-1000_NoOfRot-50000(Hist).png]
[bookmark: _Ref23868914]Figure 3: Histogram of maximum beam peak errors for sample constant density measurement grids (left: 5000, right: 1000 grid points)

[image: ]
[bookmark: _Ref23868947][bookmark: _Ref529831405]Figure 4: 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 5 for the constant step size grids Table 6 for the constant density grids.
[bookmark: _Ref528606778]Table 5: Statistical Analyses of the 50k simulations for the constant step size grids
	Angular Step Size [o]
	Number of unique grid points
	Mean Error [dB]
	STD [dB]
	Offset5%CDF [dB]

	2.5
	10226
	0.14
	0.09
	0.31

	3.0
	7082
	0.20
	0.14
	0.45

	3.6
	4902
	0.28
	0.20
	0.65

	4.0
	3962
	0.35
	0.24
	0.80

	4.5
	3122
	0.44
	0.31
	1.02

	5.0
	2522
	0.55
	0.38
	1.26

	6.0
	1742
	0.80
	0.55
	1.83

	7.5
	1106
	1.25
	0.88
	2.94

	9.0
	762
	1.85
	1.31
	4.31

	10.0
	614
	2.30
	1.66
	5.45

	12.0
	422
	3.42
	2.52
	8.25

	15.0
	266
	5.68
	4.31
	14.27



[bookmark: _Ref23875586]Table 6: Statistical Analyses of the 50k simulations for the constant-density grids
	Number of unique grid points
	Mean Error [dB]
	STD [dB]
	Offset5%CDF [dB]

	8000
	0.13
	0.08
	0.26

	7000
	0.15
	0.09
	0.30

	6000
	0.17
	0.10
	0.35

	6500
	0.16
	0.09
	0.32

	5000
	0.21
	0.12
	0.41

	4500
	0.23
	0.14
	0.46

	4000
	0.26
	0.15
	0.52

	3500
	0.30
	0.18
	0.60

	3000
	0.35
	0.21
	0.69

	2000
	0.53
	0.31
	1.05

	1500
	0.70
	0.42
	1.41

	1000
	1.06
	0.64
	2.15



In Table 7, the minimum number of unique grid points are listed for each grid type investigated for sample systematic errors of ‘Beam Peak Search’ of 0.3 to 0.7dB. The option with the 0.7dB seems to be best compromise in terms of MU and test points/test time. It should be noted that for PC3 devices, a systematic error of 0.5dB was selected. 
[bookmark: _Ref23870768]Table 7: 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

	0.3dB
	10226 (2.5o step size)
	7000

	0.4dB
	N/A
	5000

	0.5dB
	7082 (3ostep size)
	4500

	0.6dB
	N/A
	3500

	0.7dB
	4902 (3.6o step size)
	3000



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 0.7 dB:
-	Constant density grid (using the charged particle implementation) with at least 3000 grid points.
-	Constant step size grid with at least 4902 grid points, corresponding to an angular step size of 3.6º.
Conclusion
The following observations and proposals were made in this contribution
Proposal 1: Adopt the proposed measurement grids and assumptions for PC1 UEs
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