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Introduction
This contribution revises the MU elements values dependent on PC1 antenna array assumptions.
Measurement Grid Based MUs
In RAN5#89-e, a revised set of antenna array assumptions were agreed compared to the antenna assumptions previously agreed in RAN5#85 [1]. These revised assumptions essentially invalidated the measurement grid MU previously agreed in [3] and [4]. This contribution presents updated analyses. 
First of all, the changes in antenna array pattern agreed in [1] are strictly related to the single-element antenna array pattern. While the single-element array patterns in [2] were based on Table G.1.1-1 of TR 38.810 as summarized in Table 1, the single-element array patterns in [1] were based on Table 5.2.3.3-1 of TR 38.803 as summarized in Table 2. The differences are between the antenna assumptions are highlighted in yellow; it should be noted that only the 3dB Half-Power Beam-Widths (HPBWs), q3dB and f3dB, have a significant effect on the pattern shape which is the metric for the measurement grid MUs. 
[bookmark: _Ref58855494]Table 1: Single-Element Antenna Array Assumptions agreed in [2] 
	Parameter
	Values

	Antenna element vertical radiation pattern (dB)
	

	Antenna element horizontal radiation pattern (dB)
	


	Combining method for 3D antenna element pattern (dB)
	

	Maximum directional gain of an antenna element GE,max
	1.5 dBi

	(Mg, Ng, M, N, P) 
	 (1, 1, 12, 12, 2)

	(dv, dh)
	(0.5λ, 0.5λ)

	UE orientation
	Random orientation in the azimuth domain: uniformly distributed between -90 and 90 degrees*
Fixed elevation: 90 degrees

	NOTE:	This is done to emulate two panels: the configuration is equivalent to 2 panels with 180 shift in horizontal orientation and UE orientation uniformly distributed in the azimuth domain between -180 and 180 degrees.




[bookmark: _Ref58855508]


Table 2: Single-Element Antenna Array Assumptions agreed in [1]
	Parameter
	Values

	Antenna element vertical radiation pattern (dB)
	

	Antenna element horizontal radiation pattern (dB)
	


	Combining method for 3D antenna element pattern (dB)
	

	Maximum directional gain of an antenna element GE,max
	5 dBi

	(Mg, Ng, M, N, P) 
	 (1, 1, 12, 12, 2)

	(dv, dh)
	(0.5λ, 0.5λ)

	UE orientation
	Random orientation in the azimuth domain: uniformly distributed between -90 and 90 degrees*
Fixed elevation: 90 degrees

	NOTE:	This is done to emulate two panels: the configuration is equivalent to 2 panels with 180 shift in horizontal orientation and UE orientation uniformly distributed in the azimuth domain between -180 and 180 degrees.



The differences in the resulting antenna patterns are highlighted in the 3D pattern plots of the 12x12 antenna array in Figure 1; the pattern on the left is based on the originally agreed assumptions [2] and the pattern on the right is based on the most recently agreed assumptions [1]. Clearly, the front-to-back ratio is much lower for the original antenna pattern than the most recent pattern, i.e., the back lobe is effectively non-existing. Both patterns have an overall 3D HPBW of ~8.4o in both principal planes. 
[image: ] [image: ]
[bookmark: _Ref58855788]Figure 1: 12x12 Antenna Patterns. On the left, the original assumption per [2]; on the right, the most recent assumption per [1]
MU Elements: “Positioning misalignment” and “DUT repositioning”
The MU elements, other than those related to the measurement grid, depending on the antenna pattern have been identified in [9]: 
Positioning misalignment
DUT repositioning (EIRP/EIS)
The approach to determine the positioning misalignment MU is based on the approach outlined in [10] with a maximum deviation from the beam peak direction due to positioning misalignment to be 0.25o. The simulation results shown in Figure 2 show that the error based on the positioning misalignment is very small with maximum error between the theoretical beam peak and the pattern at the misaligned beam peak direction 0.02dB.
[image: ]
[bookmark: _Ref534369233]Figure 2: Histogram of maximum beam peak errors for a maximum misalignment error of 0.25o.
It is therefore proposed to define the standard uncertainty of the “Positioning misalignment” MU element for PC1 to be 0.02dB, i.e., the same as proposed and agreed previously [5].
[bookmark: _Ref31104987]Proposal 1: Keep the standard uncertainty of the “Positioning misalignment” MU element for PC1 to be 0.02dB
The approach to determine the DUT repositioning for EIRP/EIS metrics is based on the approach outlined in [11] with a maximum deviation from the beam peak direction due to DUT re-positioning to be 1o. The simulation results shown in Figure 3 show that the error based on the positioning misalignment is very small with maximum error between the theoretical beam peak and the pattern at the misaligned beam peak direction 0.35dB, i.e., the same as proposed and agreed previously [5].
[image: ]
[bookmark: _Ref31098959]Figure 3: Histogram of maximum beam peak errors for a maximum misalignment error of 1o.
[bookmark: _Ref31104992]Proposal 2: Keep the standard uncertainty of the “DUT repositioning” MU element for PC1 to be 0.35dB for EIRP and EIS metrics
MU Elements dependent on DUT Antenna Gain
The MU elements depending on the DUT Antenna gain are primarily related to the test equipment MUs and the Influence of Noise MUs since the UL/DL power spectral density is changed due to the increase in DUT Antenna Gain. The difference in peak gain between antenna assumptions for PC3 (8x2) and PC1 (12x12) is ~13.5dB which is similar to the 12dB difference in the MOP (Max EIRP, TRP) requirements in [12]. It should be noted that the peak gain difference between the previously agreed PC1 antenna pattern [2] and the recently agreed PC1 pattern [1] is ~3.5dB with the peak gain based on [1] greater than that of [2] as illustrated in Figure 1.
Given the difference power levels, another review of test equipment MUs similar to [13][14][15] for PC1 is needed for RF power measurement and gNB emulator uncertainty. Similarly, the following MU elements are dependent on the power levels and thus the DUT antenna gain and therefore need to be re-evaluated as well
Mismatch
Amplifier Uncertainties
Insertion Loss Variation
RF leakage (from measurement antenna to the receiver/transmitter)
[bookmark: _Ref39821847][bookmark: _Ref31104997]Proposal 3: Re-evaluate the MU values for the following list of MU elements for PC1: Uncertainty of the RF power measurement equipment, gNB emulator uncertainty, Mismatch, Amplifier Uncertainties, Insertion Loss Variation, RF leakage (from measurement antenna to the receiver/transmitter)
[bookmark: _Ref24032131]

Spherical Coverage Measurement Grid
The cumulative antenna pattern, i.e., the maximum achievable EIRP in 3D based on the beam steering assumptions in [1], is shown in Figure 4
[image: ]
[bookmark: _Ref58858130]Figure 4: Illustration of the cumulative 12x12 Antenna Pattern including beam steering
The simulation assumptions including the antenna patterns for the spherical coverage measurement grids are the same as Clause G.3 [6] except the 12x12 antenna array assumption [1] instead of 8x2 and the revised beam steering assumptions in [1].
The reference CDF curve, which utilized scaling the PDFs by sin(), was determined with a very fine constant step size measurement grid using a 1o step size in  and  and is highlighted in Figure 5 for an EIRP spherical coverage CDF analysis.
[image: ]
[bookmark: _Ref24032926]Figure 5: Sample CDF Analyses for a very fine 1o constant step size measurement grid with the sin() scaling of the PDF.
At the 85%-tile CDF, i.e., the target CDF for Power Class 1, statistical analyses of all 10000 EIRPs, EIRP85%CDF, is performed. For the example of the 15o constant step size grid, the histogram is shown in Figure 6.
[image: ]
[bookmark: _Ref24033355]Figure 6: Sample Histogram of the 10000 min EIRPs at the 85%-tile CDF for a fine 4.5º constant step size measurement grid

The simulations in this contribution were only for the case where the beam peak is oriented in completely random orientations, i.e., the beam peak is not always aligned to a grid point. It is understood that the CDF curve cannot be used to accurately determine the TX beam peak (100%-tile CDF)
Unlike in [6], the simulations here were performed for EIRP only it was shown previously that the EIS simulations with infinitesimal DL power step sizes match the standard deviations of the EIRP results and that a finite DL power step size introduces a mean error that matches the DL power step size.  
The results for various constant-step size measurement grids are tabulated in Table 3.
[bookmark: _Ref24034537]Table 3: Statistical results of EIRP85%CDF for the 12x12 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. Dev [dB]
	|Mean Error| [dB]

	12
	422
	0.10
	0.03

	15
	266
	0.12
	0.06

	20
	146
	0.23
	0.05



Similar results for the constant-density measurement grids are tabulated in Table 4.
[bookmark: _Ref24034599]Table 4: Statistical results of EIRP50%CDF for the 12x12 antenna array for constant density measurement grids and the beam peak oriented in completely random orientations.
	Number of unique grid points
	Std. Dev [dB]
	|Mean Error| [dB]

	150
	0.15
	0.06

	175
	0.13
	0.04

	200
	0.13
	0.04

	225
	0.10
	0.03

	250
	0.10
	0.03



In order to make a reasonable trade-off with measurement uncertainties, it is recommended to use the following recommendation in terms of min. number of grid points, standard deviation, and mean error for spherical coverage grids: 
· constant density grid (using the charged particle implementation) with at least 200 grid points: standard deviation (MU element ‘Influence of spherical coverage grid’) of 0.13dB and 0.04dB Mean Error
· constant step size grid with at least 266 grid points: standard deviation (MU element ‘Influence of spherical coverage grid’) of 0.12dB and 0.06dB Mean Error
· the MU element ‘Systematic error related to EIS spherical coverage’ is the DL step size, i.e., 0.2dB.
While the min. number of grid points have not changed, the std. deviation and mean errors have changed slightly. 
[bookmark: _Ref63678176]Proposal 4: Adjust the revised measurement uncertainties for spherical coverage measurement grids for PC1 UEs


TRP Measurement Grid
The simulation assumptions including the antenna patterns for the TRP measurement grids are those agreed in [1]. 
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 5 for the sin(theta) and the Clenshaw-Curtis quadratures while the results without the re-positioning concept applied are summarized in Table 6.
For the constant density measurement grids, a similar investigation was performed using the Charged Particle implementation. Two cases investigated were: no pattern values are disregarded and values betweenX ≤ ≤ 180o are disregarded. The results with the re-positioning concept applied are summarized in Table 7 for the Charged Particle implementation while the results without the re-positioning concept applied are summarized in Table 8.
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:
-	500 measurement grid points for constant density grid – Charged Particle implementation, with standard deviation of 0.25 dB 
-	25 latitudes and 48 longitudes (1106 unique grid points) for constant step size grid – sin (theta) weights integration approach, with standard deviation of 0.10dB with the allowance to skip and interpolate measurements at the pole at =180o, see Annex M.4.4 [7]
[bookmark: _Hlk63680806]-	25 latitudes and 48 longitudes (1106 unique grid points) for constant step size grid – Clenshaw Curtis 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 [7]
-	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 
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 0.25 dB with the allowance to skip and interpolate measurements beyond 150o in , see Annex M.4.4 [7]
-	25 latitudes and 48 longitudes (1106 unique grid points) for constant step size grid – sin (theta) weights integration approach, with standard deviation of 0.09dB with the allowance to skip and interpolate measurements beyond 150o in , see Annex M.4.4 [7]
[bookmark: _Hlk63680938]-	25 latitudes and 48 longitudes (1106 unique grid points) for constant step size grid – Clenshaw-Curtis weights integration approach, with standard deviation of 0.03dB with the allowance to skip and interpolate measurements beyond 150o in , see Annex M.4.4 [7]
-	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 beyond 144o in , see Annex M.4.4 [7]
[bookmark: _Ref23873991]Table 5: 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 Dq=Df
	Number of Latitudes disregarded
	Mean Error [dB]
	Std. Dev [dB]
	Quadrature
	Re-Positioning Concept Applied

	Latitudes
	Longitudes
	
	
	
	
	
	

	25
	48
	7.5
	0
	-0.01
	0.10
	Sin(theta)
	yes

	25
	48
	7.5
	0
	0.00
	0.03
	Clenshaw-Curtis
	yes

	25
	48
	7.5
	1
	-0.01
	0.09
	Sin(theta)
	yes

	25
	48
	7.5
	1
	0.00
	0.03
	Clenshaw-Curtis
	yes

	25
	48
	7.5
	2
	-0.01
	0.10
	Sin(theta)
	yes

	25
	48
	7.5
	2
	0.00
	0.03
	Clenshaw-Curtis
	yes

	25
	48
	7.5
	3
	-0.01
	0.09
	Sin(theta)
	yes

	25
	48
	7.5
	3
	0.00
	0.03
	Clenshaw-Curtis
	yes

	25
	48
	7.5
	4
	-0.01
	0.09
	Sin(theta)
	yes

	25
	48
	7.5
	4
	0.00
	0.03
	Clenshaw-Curtis
	yes

	21
	40
	9
	0
	-0.02
	0.32
	Sin(theta)
	yes

	21
	40
	9
	0
	-0.01
	0.24
	Clenshaw-Curtis
	yes

	21
	40
	9
	1
	-0.02
	0.31
	Sin(theta)
	yes

	21
	40
	9
	1
	-0.01
	0.24
	Clenshaw-Curtis
	yes

	21
	40
	9
	2
	-0.02
	0.31
	Sin(theta)
	yes

	21
	40
	9
	2
	-0.01
	0.24
	Clenshaw-Curtis
	yes

	21
	40
	9
	3
	-0.02
	0.32
	Sin(theta)
	yes

	21
	40
	9
	3
	-0.01
	0.24
	Clenshaw-Curtis
	yes

	21
	40
	9
	4
	-0.02
	0.32
	Sin(theta)
	yes

	21
	40
	9
	4
	-0.01
	0.24
	Clenshaw-Curtis
	yes

	19
	36
	10
	0
	-0.06
	0.64
	Sin(theta)
	yes

	19
	36
	10
	0
	-0.03
	0.56
	Clenshaw-Curtis
	yes

	19
	36
	10
	1
	-0.05
	0.64
	Sin(theta)
	yes

	19
	36
	10
	1
	-0.04
	0.56
	Clenshaw-Curtis
	yes

	19
	36
	10
	2
	-0.05
	0.64
	Sin(theta)
	yes

	19
	36
	10
	2
	-0.03
	0.56
	Clenshaw-Curtis
	yes

	19
	36
	10
	3
	-0.05
	0.64
	Sin(theta)
	yes

	19
	36
	10
	3
	-0.04
	0.56
	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 6: 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 Dq=Df
	Number of Latitudes disregarded
	Mean Error [dB]
	Std. Dev [dB]
	Quadrature
	Re-Positioning Concept Applied

	Latitudes
	Longitudes
	
	
	
	
	
	

	25
	48
	7.5
	0
	-0.01
	0.10
	Sin(theta)
	No

	25
	48
	7.5
	0
	0.00
	0.03
	Clenshaw-Curtis
	No

	25
	48
	7.5
	1
	-0.01
	0.10
	Sin(theta)
	No

	25
	48
	7.5
	1
	0.00
	0.07
	Clenshaw-Curtis
	No

	25
	48
	7.5
	2
	-0.07
	0.64
	Sin(theta)
	No

	25
	48
	7.5
	2
	-0.07
	0.62
	Clenshaw-Curtis
	No

	25
	48
	7.5
	3
	-0.12
	0.68
	Sin(theta)
	No

	25
	48
	7.5
	3
	-0.11
	0.67
	Clenshaw-Curtis
	No

	25
	48
	7.5
	4
	-0.17
	0.79
	Sin(theta)
	No

	25
	48
	7.5
	4
	-0.16
	0.78
	Clenshaw-Curtis
	No

	25
	48
	7.5
	5
	-0.22
	0.90
	Sin(theta)
	No

	25
	48
	7.5
	5
	-0.21
	0.89
	Clenshaw-Curtis
	No

	21
	40
	9
	0
	-0.02
	0.32
	Sin(theta)
	no

	21
	40
	9
	0
	-0.01
	0.24
	Clenshaw-Curtis
	no

	21
	40
	9
	1
	-0.02
	0.31
	Sin(theta)
	no

	21
	40
	9
	1
	-0.01
	0.28
	Clenshaw-Curtis
	no

	21
	40
	9
	2
	-0.12
	0.90
	Sin(theta)
	no

	21
	40
	9
	2
	-0.11
	0.87
	Clenshaw-Curtis
	no

	21
	40
	9
	3
	-0.20
	1.06
	Sin(theta)
	No

	21
	40
	9
	3
	-0.19
	1.05
	Clenshaw-Curtis
	No

	21
	40
	9
	4
	-0.28
	1.25
	Sin(theta)
	No

	21
	40
	9
	4
	-0.28
	1.25
	Clenshaw-Curtis
	No

	19
	36
	10
	0
	-0.05
	0.65
	Sin(theta)
	No

	19
	36
	10
	0
	-0.03
	0.55
	Clenshaw-Curtis
	No

	19
	36
	10
	1
	-0.05
	0.64
	Sin(theta)
	No

	19
	36
	10
	1
	-0.05
	0.61
	Clenshaw-Curtis
	No

	19
	36
	10
	2
	-0.19
	1.21
	Sin(theta)
	No

	19
	36
	10
	2
	-0.18
	1.19
	Clenshaw-Curtis
	No






[bookmark: _Ref23876566]Table 7: 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
	0.07
	no

	680
	none
	0.00
	0.09
	no

	660
	none
	0.00
	0.09
	no

	640
	none
	0.00
	0.09
	no

	620
	none
	0.00
	0.10
	no

	600
	none
	0.00
	0.12
	no

	580
	none
	0.00
	0.14
	no

	560
	none
	0.00
	0.14
	no

	540
	none
	0.00
	0.19
	no

	520
	none
	-0.01
	0.21
	no

	500
	none
	-0.01
	0.25
	no

	480
	none
	-0.01
	0.30
	no

	460
	none
	-0.02
	0.37
	no

	440
	none
	-0.02
	0.43
	no

	420
	none
	-0.03
	0.51
	no

	400
	none
	-0.04
	0.62
	no

	380
	none
	-0.06
	0.72
	no

	360
	none
	-0.09
	0.87
	no

	340
	none
	-0.12
	1.03
	no

	320
	none
	-0.16
	1.21
	no

	300
	none
	-0.24
	1.44
	no

	700
	165o-180o
	0.00
	0.07
	no

	680
	165o-180o
	0.00
	0.09
	no

	660
	165o-180o
	0.00
	0.09
	no

	640
	165o-180o
	0.00
	0.09
	no

	620
	165o-180o
	0.00
	0.10
	no

	600
	165o-180o
	0.00
	0.12
	no

	580
	165o-180o
	0.00
	0.14
	no

	560
	165o-180o
	0.00
	0.15
	no

	540
	165o-180o
	0.00
	0.18
	no

	520
	165o-180o
	-0.01
	0.21
	no

	500
	165o-180o
	-0.01
	0.25
	no

	480
	165o-180o
	-0.01
	0.30
	no

	460
	165o-180o
	-0.01
	0.37
	no

	440
	165o-180o
	-0.02
	0.43
	no

	420
	165o-180o
	-0.03
	0.51
	no

	400
	165o-180o
	-0.04
	0.62
	no

	380
	165o-180o
	-0.06
	0.73
	no

	360
	165o-180o
	-0.09
	0.88
	no

	340
	165o-180o
	-0.12
	1.03
	no

	320
	165o-180o
	-0.16
	1.20
	no

	300
	165o-180o
	-0.23
	1.43
	no

	700
	150o-180o
	0.00
	0.07
	no

	680
	150o-180o
	0.00
	0.09
	no

	660
	150o-180o
	0.00
	0.09
	no

	640
	150o-180o
	0.00
	0.09
	no

	620
	150o-180o
	0.00
	0.10
	no

	600
	150o-180o
	0.00
	0.12
	no

	580
	150o-180o
	0.00
	0.14
	no

	560
	150o-180o
	0.00
	0.14
	no

	540
	150o-180o
	-0.01
	0.18
	no

	520
	150o-180o
	-0.01
	0.21
	no

	500
	150o-180o
	-0.01
	0.25
	no

	480
	150o-180o
	-0.01
	0.30
	no

	460
	150o-180o
	-0.02
	0.36
	no

	440
	150o-180o
	-0.02
	0.43
	no

	420
	150o-180o
	-0.03
	0.51
	no

	400
	150o-180o
	-0.04
	0.61
	no

	380
	150o-180o
	-0.06
	0.73
	no

	360
	150o-180o
	-0.09
	0.87
	no

	340
	150o-180o
	-0.12
	1.03
	no

	320
	150o-180o
	-0.16
	1.21
	no

	300
	150o-180o
	-0.23
	1.44
	no



[bookmark: _Ref23876579]Table 8: 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
	0.07
	no

	680
	none
	0.00
	0.08
	no

	660
	none
	0.00
	0.09
	no

	640
	none
	0.00
	0.09
	no

	620
	none
	0.00
	0.10
	no

	600
	none
	0.00
	0.12
	no

	580
	none
	0.00
	0.14
	no

	560
	none
	0.00
	0.15
	no

	540
	none
	0.00
	0.19
	no

	520
	none
	0.00
	0.21
	no

	500
	none
	-0.01
	0.25
	no

	480
	none
	-0.01
	0.30
	no

	460
	none
	-0.02
	0.36
	no

	440
	none
	-0.02
	0.43
	no

	420
	none
	-0.03
	0.51
	no

	400
	none
	-0.04
	0.61
	no

	380
	none
	-0.06
	0.74
	no

	360
	none
	-0.09
	0.87
	no

	340
	none
	-0.12
	1.03
	no

	320
	none
	-0.17
	1.22
	no

	300
	none
	-0.23
	1.43
	no

	700
	165o-180o
	-0.15
	0.97
	no

	680
	165o-180o
	-0.14
	0.98
	no

	660
	165o-180o
	-0.13
	0.93
	no

	640
	165o-180o
	-0.12
	0.91
	no

	620
	165o-180o
	-0.15
	1.01
	no

	600
	165o-180o
	-0.12
	0.88
	no

	580
	165o-180o
	-0.14
	0.99
	no

	560
	165o-180o
	-0.14
	0.95
	no

	540
	165o-180o
	-0.16
	1.06
	no

	520
	165o-180o
	-0.12
	0.92
	no

	500
	165o-180o
	-0.14
	1.00
	no

	480
	165o-180o
	-0.12
	0.92
	no

	460
	165o-180o
	-0.16
	1.07
	no

	440
	165o-180o
	-0.15
	1.05
	no

	420
	165o-180o
	-0.18
	1.15
	no

	400
	165o-180o
	-0.18
	1.15
	no

	380
	165o-180o
	-0.22
	1.30
	no

	360
	165o-180o
	-0.24
	1.35
	no

	340
	165o-180o
	-0.25
	1.42
	no

	320
	165o-180o
	-0.38
	1.77
	no

	300
	165o-180o
	-0.35
	1.67
	no



[bookmark: _Ref63061040]Proposal 5: Adopt the revised measurement grids for TRP for PC1 UEs
Beam Peak Search Measurement Grid
The simulation assumptions including the antenna patterns for the TRP measurement grids are the same as Clause G.2 [6] except a 12x12 antenna array assumption instead of 8x2 with the exception of the single-element antenna pattern from [1]. 
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 7 and for the constant density measurement grid (based on the charged particle implementation) in Figure 8. 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 9.
[image: ]  [image: ]
[bookmark: _Ref23868899][bookmark: _Ref528606051]Figure 7: Histogram of maximum beam peak errors for sample constant-step size meausurement grids (left: 2.5o, right: 6o step size)
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[bookmark: _Ref23868914]Figure 8: Histogram of maximum beam peak errors for sample constant density measurement grids (left: 5000, right: 1000 grid points)
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[bookmark: _Ref23868947][bookmark: _Ref529831405]Figure 9: 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 9 for the constant step size grids Table 10 for the constant density grids.
[bookmark: _Ref528606778]Table 9: 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
	0.29
	0.20
	0.65

	4.0
	3962
	0.35
	0.24
	0.81

	4.5
	3122
	0.45
	0.31
	1.02

	5.0
	2522
	0.55
	0.38
	1.27

	6.0
	1742
	0.81
	0.56
	1.85



[bookmark: _Ref23875586]Table 10: 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
	0.42

	4500
	0.23
	0.14
	0.47

	4000
	0.26
	0.15
	0.52

	3500
	0.30
	0.18
	0.60

	3000
	0.35
	0.21
	0.70

	2000
	0.53
	0.31
	1.06

	1500
	0.70
	0.42
	1.42

	1000
	1.06
	0.64
	2.16


In Table 11, 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 11: 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.
[bookmark: _Ref63061041]Proposal 6: Keep the previously agreed proposed measurement grids for Beam Peak Search for PC1 UEs

Conclusion
Proposal 1: Keep the standard uncertainty of the “Positioning misalignment” MU element for PC1 to be 0.02dB
Proposal 2: Keep the standard uncertainty of the “DUT repositioning” MU element for PC1 to be 0.35dB for EIRP and EIS metrics
Proposal 3: Re-evaluate the MU values for the following list of MU elements for PC1: Uncertainty of the RF power measurement equipment, gNB emulator uncertainty, Mismatch, Amplifier Uncertainties, Insertion Loss Variation, RF leakage (from measurement antenna to the receiver/transmitter)
Proposal 4: Adjust the revised measurement uncertainties for spherical coverage measurement grids for PC1 UEs
Proposal 5: Adopt the revised measurement grids for TRP for PC1 UEs
Proposal 6: Keep the previously agreed proposed measurement grids for Beam Peak Search for PC1 UEs
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