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Introduction
This contribution outlines our view on topic #1 (Test methodology for high DL power and low UL power test cases) of the Enhanced Testability SI [1]. 
Discussion
A lot of progress with CFFDNF and CFFNF methodologies were made in the last meeting [2][3]  and the following open issues were identified in the status report for this topic:
	2.4.2	Remaining Open issues
-	Objective 1 (test methodology for high DL power and low UL power test cases)
-	Derive preliminary assessment of measurement uncertainty of the test methodology enhancements


This contribution is addressing some of the remaining issues with revised/updated MU assessments.


Simulation Results for CFFDNF for PC1
In this section, additional CFFDNF simulation results are provided for the CFFDNF methodology to determine the min range length for PC1 which was not finalized in the last meeting. CFFDNF results obtained with Matlab for additional range lengths, i.e., 40cm and 45cm, are provided in Table 1. Clearly, even at 45cm range length, the mean error is not insignificant, i.e., a non-zero MU needs to be considered for PC1 devices in the NF.
[bookmark: _Ref78910132]Table 1: Statistical results of EIRP CFFDNF offset simulations based on black&white-box approach with random antenna array offsets uniformly spaced within 10cm (PC1) in a single hemisphere. The antenna array offsets were compensated.
	Tool ►►►►►
	CST [2]
	Matlab

	Number of Offsets ►►
	500
	1000

	Method
	Range Length (m)
	|Mean Error| (dB)
	Std. Dev (dB)
	|Mean Error| (dB)
	Std. Dev (dB)

	CFFDNF
(B&W Box)
	0.25
	1.98
	0.47
	1.85
	0.44

	
	0.3
	1.26
	0.24
	1.17
	0.22

	
	0.35
	0.89
	0.14
	0.81
	0.13

	
	0.4
	 
	 
	0.59
	0.08

	
	0.45
	 
	 
	0.45
	0.05


[bookmark: _Ref78920111]Proposal 1: Consider the min. range length for EIRP/EIS measurements based on the CFFDNF methodology for PC1 devices to be 45cm with an MU for the mean error of 0.5dB (systematic error). 


Simulation Results for Sensitivity of CFFNF to Relative Measurement Uncertainties
Simulation results how uncertainties of power measurements in the NF, p(di), affect the estimates for EIRP/EIS measurements based on the asymptotic expansion approach, were presented in the last meeting [2][3]. Additional simulations with the asymptotic expansion approach ported to Matlab are presented next. 
First, the CFFNF EIRP MUs for PC3 devices are compared with previously presented results in Table 2. These new results based on Matlab clearly show very good agreement with results presented in the last meeting, i.e., with different tools from the same company and between different companies [2][3]. The Matlab based simulations should therefore allow accurate results for sensitivity to relative measurement uncertainties as well. Additionally, since this contribution is also investigating the PC1 devices, a similar comparison between previously presented CST based simulations [2] and Matlab simulations are presented in Table 3 for CFFNF. Again, very good agreement between different tools can be observed. 
[bookmark: _Ref78796460]Table 2: Statistical results of EIRP CFFNF offset simulations based on black&white-box approach with random antenna array offsets uniformly spaced within 12.5cm (PC3) in a single hemisphere. The antenna array offsets were compensated.
	Company►►►►►
	KS [2]
	R&S [3]
	KS 

	Tool ►►►►►
	CST
	Matlab
	Matlab

	Number of Offsets►►►►►
	500
	500
	1000

	Method
	Range Length r1 (m)
	Range Length r2 (m)
	|Mean Error| (dB)
	Std. Dev (dB)
	|Mean Error| (dB)
	Std. Dev (dB)
	|Mean Error| (dB)
	Std. Dev (dB)

	CFFNF
B&W Box
r2=r1+1cm
(PC3)
	0.2
	0.21
	0.04
	0.04
	0.06
	0.03
	0.03
	0.02

	
	0.25
	0.26
	0.03
	0.03
	0.03
	0.01
	0.01
	0

	
	0.3
	0.31
	0.03
	0.03
	 
	 
	0
	0

	
	0.35
	0.36
	 
	 
	 
	 
	0
	0

	
	0.4
	0.41
	 
	 
	 
	 
	0
	0

	
	0.45
	0.46
	 
	 
	 
	 
	0
	0

	
	20
	20.01
	 
	 
	 
	 
	0
	0

	CFFNF
B&W Box
r2=r1+2cm
(PC3)
	0.2
	0.22
	0.04
	0.04
	 
	 
	0.02
	0.02

	
	0.25
	0.27
	0.03
	0.04
	 
	 
	0.01
	0

	
	0.3
	0.32
	0.03
	0.04
	 
	 
	0
	0

	
	0.35
	0.37
	 
	 
	 
	 
	0
	0

	
	0.4
	0.42
	 
	 
	 
	 
	0
	0

	
	0.45
	0.47
	 
	 
	 
	 
	0
	0

	
	20
	20.02
	 
	 
	 
	 
	0
	0



[bookmark: _Ref78822509]Table 3: Statistical results of EIRP CFFNF offset simulations based on black&white-box approach with random antenna array offsets uniformly spaced within 10cm (PC1) in a single hemisphere. The antenna array offsets were compensated.
	Tool ►►►►►
	CST [2]
	Matlab

	Number of Offsets ►►
	500
	1000

	Method
	Range Length (m)
	|Mean Error| (dB)
	Std. Dev (dB)
	|Mean Error| (dB)
	Std. Dev (dB)

	CFFNF
B&W Box
r2=r1+1cm
(PC1)
	0.26
	0.36
	0.15
	0.30
	0.12

	
	0.31
	0.18
	0.07
	0.13
	0.04

	
	0.36
	0.10
	0.05
	0.07
	0.02

	CFFNF
B&W Box
r2=r1+2cm
(PC1)
	0.27
	0.33
	0.14
	0.27
	0.11

	
	0.32
	0.17
	0.06
	0.12
	0.04

	
	0.37
	0.10
	0.04
	0.06
	0.02

	Note: The range length for CFFNF with black&white-box approach is reported for radius r2>r1.



Table 5.1.4.8-2 in [2] lists the sensitivity to relative measurement uncertainties, ui, for PC3 devices and a min. range length, r1, of 20cm. This table is augmented in Table 4 with the new simulation results obtained with 1000 random offsets using Matlab for N=1 and N=30 averages. Again, these results show good agreement with Keysight’s previously presented results for N=30. The simulations with N=1, i.e., no averages, show larger sensitivities than those presented in [3]. Table 5 shows the results from similar analyses for PC1 devices with a minimum range length of r1=30cm. 
[bookmark: _Ref78797839]Table 4: Impact of measurement uncertainty ui applied to p(d) measurements on FF EIRP with 1000 random offsets up to 12.5cm for PC3 devices and r1=20cm&r2=22cm.
	Std. Deviation of ui (dB)
	KS [2]
	R&S [3]
	R&S [3]
	KS
	KS

	
	(N=30)
	(N=1)
	(N=30)
	(N=1)
	(N=30)

	
	|Mean Error of FF EIRP Error| (dB)
	Std. Dev. of FF EIRP Error (dB)
	|Mean Error of FF EIRP Error| (dB)
	Std. Dev. of FF EIRP Error (dB)
	|Mean Error of FF EIRP Error| (dB)
	Std. Dev. of FF EIRP Error (dB)
	|Mean Error of FF EIRP Error| (dB)
	Std. Dev. of FF EIRP Error (dB)
	|Mean Error of FF EIRP Error| (dB)
	Std. Dev. of FF EIRP Error (dB)

	[bookmark: RANGE!A4][bookmark: _Hlk72662354]0
	0.04
	0
	 
	 
	 
	 
	 
	 
	 
	 

	0.1
	0.04
	0.07
	0.035
	0.249
	0.041
	0.093
	0.12
	0.95
	0.03
	0.16

	0.2
	0.04
	0.16
	 
	 
	 
	 
	0.4
	2.23
	0.01
	0.29

	0.3
	0.05
	0.27
	0.017
	0.73
	0.039
	0.152
	0.53
	3.13
	0.06
	0.37

	0.4
	0.06
	0.4
	 
	 
	 
	 
	0.43
	3.65
	0.16
	0.44


[bookmark: _Ref78915024]Table 5: Impact of measurement uncertainty, ui, applied to p(d) measurements on FF EIRP with 1000 random offsets up to 10cm for PC1 devices and r1=30cm&r2=32cm.
	Std. Deviation of ui (dB)
	N=1
	N=30

	
	|Mean Error of FF EIRP Error| (dB)
	Std. Dev. of FF EIRP Error (dB)
	|Mean Error of FF EIRP Error| (dB)
	Std. Dev. of FF EIRP Error (dB)

	[bookmark: RANGE!A3]0
	 
	 
	 
	 

	0.1
	0.19
	0.78
	0.12
	0.15

	0.2
	0.43
	1.87
	0.13
	0.28

	0.3
	0.66
	2.91
	0.07
	0.39

	0.4
	0.65
	3.52
	0.07
	0.48


[bookmark: _Ref78820680]Observation 1: Revised simulations presented here agree well with simulations presented in [2] but again show larger sensitivities than those presented in [3].
[bookmark: _Ref78920112]Proposal 2: Include the additional sensitivity of CFFNF to relative measurement uncertainty results in TR38.884 [5].


Simulation Results for Influence of Noise 
This section outlines revised influence of noise simulation assumptions and includes results for IFF/DFF, CFFDNF, and CFFNF methodologies. It should be noted that results in Clause 5.1.4.9 of [5] focused on a suitable 32cm range length for CFFDNF which was revised last meeting to 35cm. The following results therefore are based on the following PC3 assumptions: 
-	For an r1=20cm CFFNF range length (distance between probe and centre of QZ), the min distance between the probe and the antenna array is dCFFNF,min= r1-12.5cm (max offset)=7.5cm
-	For an r1=20cm CFFNF range length, the max distance between the probe and the antenna array is dCFFNF,max=r1=20cm
-	Similarly, for the CFFDNF methodology with a range length of rCFFDNF=35cm, the min (max) distance between the probe and the antenna array is dCFFDNF,min = rCFFDNF-12.5cm=22.5cm (dCFFDNF,max = rCFFDNF=35cm). 
-	For the DFF/IFF calculations, we considered a rDFF/IFF=1m range length for simplicity. 
The tables with the fixed offsets are summarized in Table 6 (min offset) and Table 7 (max offset). Upon further review of the simulations, it was found that N=1 vs N=30 averages make no significant differences in the CFFNF results. 
[bookmark: _Ref78799441][bookmark: _Ref78916096]Table 6: Influence of Noise Simulations and Calculations for DFF/IFF, CFFDNF, CFFNF and PC3 devices based on shortest measurement distance dmin. 
	DFF/IFF
	CFFDNF
	CFFNF

	rDFF/IFF=100cm
	dCFFDNF,min=22.5cm
	(dCFFNF,min, dCFFNF,min+2cm)
=(7.5, 9.5)cm

	SNR @ rDFF/IFF (dB)
	|Mean Err to FF Reference| (dB)
	Influence of Noise (dB)
	SNR @ dmin (dB)
	|Mean Err to FF Reference| (dB)
	Influence of Noise (dB)
	SNR @ dmin (dB)
	SNR @ dmin+2cm (dB)
	|Mean Err to FF Reference| (dB)
	Influence of Noise with SNR@ dmin +2cm (dB)

	-15.00
	15.1
	15.1
	-2.0
	4.0
	4.2
	7.5
	5.4
	1.4
	1.1

	-10.00
	10.4
	10.4
	3.0
	1.6
	1.8
	12.5
	10.4
	0.4
	0.4

	-5.00
	6.2
	6.2
	8.0
	0.5
	0.6
	17.5
	15.4
	0.0
	0.1

	0.00
	3.0
	3.0
	11
	0.1
	0.2
	22.5
	20.4
	0.0
	0.0

	5.00
	1.2
	1.2
	17
	0.1
	0.1
	27.5
	25.4
	0.1
	0.0

	10.00
	0.4
	0.4
	23
	0.1
	0.0
	32.5
	30.4
	0.1
	0.0

	15.00
	0.1
	0.1
	28
	0.1
	0.0
	37.5
	35.4
	0.1
	0.0


[bookmark: _Ref70663058][bookmark: _Ref78916126]Table 7: Influence of Noise Simulations and Calculations for DFF/IFF, CFFDNF, CFFNF and PC3 devices based on largest measurement distance dmax 
	DFF/IFF
	CFFDNF
	CFFNF

	rDFF/IFF=100cm
	dCFFDNF,max=35cm
	(dCFFNF,max, dCFFNF,max+2cm)
=(20, 22)cm

	SNR @ rDFF/IFF (dB)
	|Mean Err to FF Reference| (dB)
	Influence of Noise (dB)
	SNR @ dmax (dB)
	|Mean Err to FF Reference| (dB)
	Influence of Noise (dB)
	SNR @ dmax (dB)
	SNR @ dmax+2cm (dB)
	|Mean Err to FF Reference| (dB)
	Influence of Noise with SNR@ dmax +2cm (dB)

	-15.00
	15.1
	15.1
	-5.9
	6.8
	6.9
	-1.0
	-1.8
	5.7
	4.0

	-10.00
	10.4
	10.4
	-0.9
	3.4
	3.5
	4.0
	3.2
	2.7
	1.7

	-5.00
	6.2
	6.2
	4.1
	1.4
	1.4
	9.0
	8.2
	1.0
	0.6

	0.00
	3.0
	3.0
	9.1
	0.4
	0.5
	14.0
	13.2
	0.4
	0.2

	5.00
	1.2
	1.2
	14.1
	0.1
	0.2
	19.0
	18.2
	0.1
	0.1

	10.00
	0.4
	0.4
	19.1
	0.0
	0.1
	24.0
	23.2
	0.0
	0.0

	15.00
	0.1
	0.1
	24.1
	0.1
	0.0
	29.0
	28.2
	0.0
	0.0


The simulated influence of noise, i.e., |Mean Err to FF Reference|, was determined for non-fixed distances d. Here, 1000 random offsets uniformly spaced from 0 to 12.5cm were simulated and the individual results were averaged to obtain the results tabulated in Table 8 for PC3 devices. The simulated influences of noise are within the results at the respective extremes presented in Table 6 (min offset) and Table 7 (max offset). Similar simulations were performed for PC1 devices with the 12x12 antenna configuration with maximum offset of 10cm and are tabulated in Table 9. 
[bookmark: _Ref78800404][bookmark: _Ref78916105]Table 8: Influence of Noise Simulations and Calculations for DFF/IFF, CFFDNF, CFFNF based on 1000 random offsets uniformly spaced within 12.5cm (PC3) in a single hemisphere and N=1. 
	DFF/IFF
	CFFDNF
	CFFNF

	rDFF/IFF=100cm
	22.5cm ≤dCFFDNF≤35cm
	7.5cm≤dCFFNF≤20cm
r2=r1+2cm

	
	
	
	

	SNR @ rDFF/IFF (dB)
	|Mean Err to FF Reference| (dB)
	Influence of Noise (dB)
	Average SNR @ r1 (dB)
	|Mean Err to FF Reference| (dB)
	Average SNR @ r1 (dB)
	Average SNR @ r2 (dB)
	|Mean Err to FF Reference| (dB)
	

	-15
	15.1
	15.1
	-4.3
	5.6
	2.5
	1.2
	3.6
	

	-10
	10.4
	10.4
	0.7
	2.6
	7.5
	6.2
	1.5
	

	-5
	6.2
	6.2
	5.7
	1
	12.5
	11.2
	0.5
	

	0
	3
	3
	10.7
	0.3
	17.5
	16.2
	0.2
	

	5
	1.2
	1.2
	15.7
	0
	22.5
	21.2
	0
	

	10
	0.4
	0.4
	20.7
	0.1
	27.5
	26.2
	0
	

	15
	0.1
	0.1
	25.7
	0.1
	32.5
	31.2
	0
	


[bookmark: _Ref78986943]Table 9: Influence of Noise Simulations and Calculations for DFF/IFF, CFFDNF, CFFNF based on 1000 random offsets uniformly spaced within 10cm (PC1) in a single hemisphere and N=1. 
	[bookmark: _Ref78920113]DFF/IFF
	CFFDNF
	CFFNF

	rDFF/IFF=100cm
	35cm ≤dCFFDNF≤45cm
	20cm≤dCFFNF≤30cm
r2=r1+2cm

	
	
	
	

	SNR @ rDFF/IFF (dB)
	|Mean Err to FF Reference| (dB)
	Influence of Noise (dB)
	Average SNR @ r1 (dB)
	|Mean Err to FF Reference| (dB)
	Average SNR @ r1 (dB)
	Average SNR @ r2 (dB)
	|Mean Err to FF Reference| (dB)
	

	-15
	15.1
	15.1
	-7.2
	10.5
	-3.1
	-3.8
	6.8
	

	-10
	10.4
	10.4
	-2.2
	6.2
	1.9
	1.2
	3.4
	

	-5
	6.2
	6.2
	2.8
	3.0
	6.9
	6.2
	1.3
	

	0
	3
	3
	7.8
	1.1
	11.9
	11.2
	0.4
	

	5
	1.2
	1.2
	12.8
	0.4
	16.9
	16.2
	0.1
	

	10
	0.4
	0.4
	17.8
	0.1
	21.9
	21.2
	0.1
	

	15
	0.1
	0.1
	22.8
	0.0
	26.9
	26.2
	0.1
	


[bookmark: _Ref78989429]Proposal 3: Include the revised and augmented Influence of Noise results in TR38.884 [5]. 


Simulation results for CFFNF (using Black-Box Approach) 
This section provides revised CFFNF measurement uncertainty results using the Black-Box approach. Initial results for PC3 (based on the 8x2 antenna configuration) were presented in [2] but further optimizations of the approach were made in the meantime. Additionally, MU analyses and test time reduction techniques to reduce the number of measurement grid points required for the local searches are presented next.
As outlined in [2][5], the CFFNF methodology based on the black-box approach leverages the declared FF beam peak direction and since the antenna array offset is not known/declared, a localized search for the NF beam peak in the NF must be performed over a small sector around the FF beam peak direction. For an approximately ±40o cone needed for PC3 devices (based on the 8x2 antenna array configuration) with a 20cm range length and a constant-step size measurement grid with Df=Dq=1o, around 14k grid points for the initial NF local search at r=r1 would be required. Obviously, this would be completely impractical due to the enormous test time requirements. The measurement uncertainties serving as the reference for investigations to follow, are shown in Table 10.
[bookmark: _Ref78810153][bookmark: _Ref78917418]Table 10: Statistical results of 500 EIRP CFFNF & CFFDNF CST simulations based on black-box approach with random 8x2 (12x12) antenna array offsets uniformly spaced within 12.5cm (10cm) in a single hemisphere. The antenna array offsets and probe pattern were compensated and the search grids were based on Df=Dq=1o.
	Antenna Configuration
	Method
	Range Length r3 (m)
	|Mean Error| (dB)
	Std. Dev (dB)
	Approximate max. number of local search grid points @r1

	8x2
	CFFNF (Black Box)
	0.22
	0.09
	0.24
	14k

	
	
	0.27
	0.04
	0.09
	11k

	
	
	0.32
	0.00
	0.07
	9k

	12x12
	CFFNF (Black Box)
	0.27
	0.29
	0.61
	8k

	
	
	0.32
	0.16
	0.53
	7k

	
	
	0.37
	0.17
	0.45
	6k


On top of the initial local search at r=r1, small local searches at r=r2 and r=r3 are required as outlined in 5.1.4.2 of [5], i.e., the total number of grid points could exceed the numbers listed in Table 10. To significantly reduce the number of total number of grid points, coarse and fine searches were investigated more closely, i.e., an initial coarse search at r=r1 with Dqr1,coarse and Dfr1,coarse and fine searches around potential NF beam peak candidates with Dqr123,fine=Dfr123,fine are then performed at r=r1, r=r2, and r=r3. The MUs for the optimized search procedures are shown in Table 11; clearly, the presented optimized search grids significantly reduce the total number of search grid points while maintaining MUs similar to the reference MUs, Table 10. 
[bookmark: _Ref78813718][bookmark: _Ref78907491]Table 11: Statistical results of 500 EIRP CFFNF & CFFDNF CST simulations based on black-box approach with random 8x2 (12x12) antenna array offsets uniformly spaced within 12.5cm (10cm) in a single hemisphere. The antenna array offsets and probe pattern were compensated and the search grids were optimized with coarse & fine local searches.
	Antenna Configuration
	Method
	Range Length r3 (m)
	Dqr1,coarse @r1
[o]
	Dfr1,coarse
@r1
[o]
	Dqr123,fine=
Dfr123,fine
@r1, r2, r3
[o]
	|Mean Error| (dB)
	Std. Dev (dB)
	Approximate max. total number of local search grid points 

	8x2
	CFFNF (Black Box)
	0.22
	8
	15
	2
	0.10
	0.27
	400

	
	
	0.27
	
	
	
	0.05
	0.12
	

	
	
	0.32
	
	
	
	0.02
	0.10
	

	
	CFFNF (Black Box)
	0.22
	10
	15
	2
	0.12
	0.32
	370

	
	
	0.27
	
	
	
	0.06
	0.15
	

	
	
	0.32
	
	
	
	0.01
	0.13
	

	12x12
	CFFNF (Black Box)
	0.27
	8
	15
	2
	0.28
	0.64
	160

	
	
	0.32
	
	
	
	0.17
	0.52
	

	
	
	0.37
	
	
	
	0.20
	0.41
	

	
	CFFNF (Black Box)
	0.27
	10
	15
	2
	0.28
	0.64
	160

	
	
	0.32
	
	
	
	0.17
	0.52
	

	
	
	0.37
	
	
	
	0.20
	0.43
	


[bookmark: _Ref78820681]Observation 2: Optimized searches with coarse and fine grids significantly reduce the total number of search grid points while maintaining MUs similar to the reference MUs with very fine search grids. 
[bookmark: _Ref78920114]Proposal 4: Include the presented CFFNF results based on black-box approach in TR38.884 [5]. 


TRP Simulation Results for CFFDNF 
This section provides TRP simulation results for the CFFDNF methodology for PC1 based on the 12x12 antenna configuration following the assumptions outlined in Table 3 of [2]. The Matlab simulation results are summarized in Table 12 with and without path loss correction. For these simulations, a uniform angular grid spacing was applied in q and f to the TRP grid. It should be noted that the antenna array offset must be known/declared when the path loss correction is applied. 
[bookmark: _Ref68187697][bookmark: _Ref78907888]Table 12: CFFDNF TRP simulation results with and without path loss correction for PC1 devices (12x12 antenna configuration) with a uniform angular spacing in q and f. 
	Antenna Configuration
	Range Length [cm]
	Constant Density Grid Step Size Dq=Df [o]
	With Path Loss Correction
	Without Path Loss Correction

	
	
	
	|Mean TRP Error| [dB]
	TRP Std. Dev. [dB]
	|Mean TRP Error| [dB]
	TRP Std. Dev. [dB]

	12x12
	20
	5
	0.02
	0.02
	0.27
	0.16

	
	
	7.5
	0.01
	0.19
	0.27
	0.23

	
	25
	5
	0
	0.02
	0.17
	0.1

	
	30
	5
	0.02
	0.02
	0.11
	0.06

	
	35
	5
	0.02
	0.02
	0.08
	0.05

	
	40
	5
	0.03
	0.02
	0.06
	0.04

	
	45
	5
	0.03
	0.02
	0.05
	0.03


For PC1, TRP test cases with a uniform angular spacing in q and f do not require additional measurement uncertainty due to reduced range length for
-	range lengths exceeding 20cm if the path loss correction is applied for measurement grids with step size of at most 5o (unique number of grid points: 2522)
-	for range lengths exceeding 35cm if the path loss correction is not applied for measurement grids with step size of at most 5o (unique number of grid points: 2522)
Given the large number of grid points, additional test time reduction techniques based on non-uniform grids were investigated. The focus of this investigation is for the antenna array offset applied, i.e., the offset must be known/declared which can be used to determine the NF beam peak direction. The idea here is to apply a fine grid around the NF beam peak direction to capture the main portion of the very directive beam while a coarse grid around the remaining portion of the sphere is applied. This is further illustrated in Figure 1 with the following non-uniform TRP grid assumptions:
· The known NF beam is shown with the large grey dot. On top, the NF beam peak is assumed at (0o,0o) while the NF beam peak on the bottom is assumed at (45o,45o). 
· The red grid points are within a ±20o cone centred around the NF beam peak with Dq=Df=2.5o.
· The cyan grid points are outside a ±20o cone centred around the NF beam peak with Dq=Df=10o.
[image: ][image: ]
[image: ][image: ]
[bookmark: _Ref78817653]Figure 1: Visualization of non-uniform TRP grids for NF beam at (0o,0o) on top and at (45o,45o) on bottom. Grid points in cyan (red) are outside (inside) the conical NF beam peak region.
Simulation with 2000 random offsets up to 10cm were performed together with random permutations of the beam peak direction (rotation in q, f, and twist a as outlined in Clause G.1 of [6]). Table 13 shows the simulation results for the non-uniform measurement grids considered the most suitable for PC1 devices. The average number of unique grid points based on all simulations investigated is ~900 which shows a significant test time reduction with the same TRP MUs as the 5o measurement grid with uniform spacing in q and f, Table 12. For PC1, TRP test cases with a non-uniform angular spacing in q and f do not require additional measurement uncertainty due to reduced range length for range lengths exceeding 20cm if the path loss correction is applied for measurement grids with step size of 2.5o within ±20o of the NF beam peak and step size of 10o outside ±20o of the NF beam peak
[bookmark: _Ref78819880]Table 13: CFFDNF TRP simulation results with path loss correction for PC1 devices (12x12 antenna configuration) using non-uniform measurement grids. 
	Antenna Configuration
	Range Length [cm]
	Cone width (±) [o]
	Constant Density Grid Step Size outside cone Dq=Df [o]
	Constant Density Grid Step Size within cone Dq=Df [o]
	Average number of unique grid points
	With Path Loss Correction

	
	
	
	
	
	
	|Mean TRP Error| [dB]
	TRP Std. Dev. [dB]

	12x12
	20
	20
	10
	2.5
	917
	0.02
	0.04

	
	25
	
	
	
	916
	0.01
	0.04

	
	30
	
	
	
	914
	0.02
	0.04

	
	35
	
	
	
	914
	0.03
	0.04

	
	40
	
	
	
	914
	0.04
	0.04

	
	45
	
	
	
	914
	0.04
	0.04


Similar simulations were performed for PC3 devices with the 8x2 antenna configuration with random offsets up to 12.5cm. The results for the non-uniform grids are tabulated in Table 14.
[bookmark: _Ref78917885]Table 14: CFFDNF TRP simulation results with path loss correction for PC3 devices (8x2 antenna configuration) using non-uniform measurement grids. 
	Antenna Configuration
	Range Length [cm]
	Cone width (±) [o]
	Constant Density Grid Step Size outside cone Dq=Df [o]
	Constant Density Grid Step Size within cone Dq=Df [o]
	Average number of unique grid points
	With Path Loss Correction

	
	
	
	
	
	
	|Mean TRP Error| [dB]
	TRP Std. Dev. [dB]

	8x2
	20
	30
	15
	5
	428
	0.05
	0.05

	
	25
	
	
	
	427
	0.06
	0.04

	
	30
	
	
	
	427
	0.06
	0.04

	
	35
	
	
	
	427
	0.06
	0.04

	
	40
	
	
	
	427
	0.06
	0.04

	
	45
	
	
	
	426
	0.06
	0.04


For PC3, TRP test cases with a non-uniform angular spacing in q and f do not require additional measurement uncertainty due to reduced range length for range lengths exceeding 20cm if the path loss correction is applied for measurement grids with step size of 5o within ±30o of the NF beam peak and step size of 15o outside ±30o of the NF beam peak
The comparison of the TRP measurement grid parameters and the min. number of grid points are tabulated in Table 15 when the antenna array offset is known and compensated with angular grid spacings placed uniformly and non-uniformly in q and f. Clearly, the non-uniform TRP measurement grid approach is especially beneficial in terms of test time reduction. 
[bookmark: _Ref78919806]Table 15: Comparison of the TRP measurement grid parameters for PC3 and PC1 including potential test time improvement. The simulations assume the offset is known/declared and the path loss correction was applied. 
	[bookmark: RANGE!A1]Antenna Config. 
	Range Length [cm]
	Non-uniform angular spacing
	Uniform angular spacing
	Potential Test Time Improvement with non-uniform angular spacing in q and f (factor)

	
	
	Cone width (±) [o]
	Constant Density Grid Step Size outside cone Dq=Df [o]
	Constant Density Grid Step Size within cone Dq=Df [o]
	Average Number of unique grid points
	Constant Density Grid Step Size Dq=Df [o]
	Number of unique grid points
	

	
	
	
	
	
	
	
	
	
	

	8x2
	20
	30
	15
	5
	427
	5
	2522
	5.9
	

	
	25
	
	
	
	
	10
	614
	1.4
	

	12x12
	20
	20
	10
	2.5
	915
	5
	2522
	2.8
	


[bookmark: _Ref78820682]Observation 3: Non-uniform TRP measurement grids for PC3 and PC1 devices can significantly reduce the number of unique grid points.
[bookmark: _Ref78920115]Proposal 5: Include the augmented TRP results for PC3 and PC1 in TR38.884 [5]. 


Conclusion
The following observations and proposals were made in this contribution
Observation 1: Revised simulations presented here agree well with simulations presented in [2] but again show larger sensitivities than those presented in [3].
Observation 2: Optimized searches with coarse and fine grids significantly reduce the total number of search grid points while maintaining MUs similar to the reference MUs with very fine search grids.
Observation 3: Non-uniform TRP measurement grids for PC3 and PC1 devices can significantly reduce the number of unique grid points.
Proposal 1: Consider the min. range length for EIRP/EIS measurements based on the CFFDNF methodology for PC1 devices to be 45cm with an MU for the mean error of 0.5dB (systematic error).
Proposal 2: Include the additional sensitivity of CFFNF to relative measurement uncertainty results in TR38.884 [5].
Proposal 3: Include the revised and augmented Influence of Noise results in TR38.884 [5].
Proposal 4: Include the presented CFFNF results based on black-box approach in TR38.884 [5].
Proposal 5: Include the augmented TRP results for PC3 and PC1 in TR38.884 [5].
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