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Introduction
This TP is making some corrections to [1].
Discussion
This TP is correcting/clarifying the following aspects in [1]:
· Moved the TRP simulations using CFFDNF from Clause 5.1.2.2 to Clause 5.1.4.4
· Update a reference in 5.1.4
· Split step 3 of CFFNF test methodology with the black&white-box approach in Clause 5.1.4.2 into two since the device positioning can be different for r=r1 and r=r2. 
· Revise the “total FF EIRP(PolLink)” equation in step 11 of CFFNF test methodology with the black&white-box approach in Clause 5.1.4.2 
[bookmark: _Ref78283676]Proposal 1: Approve the corrections/clarifications in the draft text proposal below. 
Conclusion
The following observations and proposals were made in this contribution
Proposal 1: Approve the corrections/clarifications in the draft text proposal below.
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5.1.2.2	Simulation results
Table 5.1.2.2-1 below summarizes the results from simulations of beam management sensitivity of a DNF system (i.e. beam peak search is performed in the NF).
[bookmark: _Hlk65159069]Table 5.1.2.2-1: Beam management sensitivity results of a DNF system
	Company label
	Swept parameters
	Beam management performance maximum ∆ relative to reference (dB)
	Notes

	
	
	Beam peak
	50% CDF
	TRP
	

	Company A
	Array: 8x2
Range: {0.2, 0.4, 0.8} m
Offset: {0, 0.05, 0.10} m
HPBW: {90/90}
	2.5
	Not analysed
	Not analysed
	There is approximately 2.5 dB of BP error when range length is reduced to 0.2m in presence of the module offset mentioned above. There is also significant perturbation of the CDF curve. CDF statistics start to converge when the range length is at least 4 times the offset.

	Company B
	Array: 8x2, 4x1
Range: {0.25, 0.3, 0.45, 20} m
Offset: {0.125 in y, 0.125 in z, 0.09 in y & z} m
HPBW: {260/130}
	7.0
	1.0
	TRP analysed separately
	The EIRP beam peak (100%-ile EIRP) and direction cannot be measured accurately with the direct NF methodology

	Company B
	Array: 8x2
Range: 0.2 m
Offset: 0.15 m in x, y, z
HPBW: {260/130}
	
	
	0.66 dB systematic
0.46 dB RSS’ed
	Large uncertainties can be observed for TRP for measurements performed in the NF utilizing the black back box approach

	Company C
	Array: 4x1
Range: {100, 4.2, 0.9, 0.45, 0.3} m
Offsets: not specified
Full phone model (including the PCB and phone house) has been considered
	0.3
	0
	Not clear whether 0.1 or 0.4
	Figure of merits such as EIRP, TRP, and Spherical Coverage are not influenced dramatically from range length

	Company B
	Array: {4x1, 8x2}
Range: 0.25 m
Offset: {0, 0.125, 0.9} m in y, z
HPBW: {90/90}
	4.2
	
	
	UE selected different beam between NF beam peak direction and FF beam peak direction

	Company B
	Array: {4x1, 8x2}
Range: 0.25 m
Offset: {0, 0.53, 0.75} m in x, y, z
HPBW: {90/90}
	10.4
	
	
	UE select the same beam in the NF as in the FF more often, we still see concerning trends with the peak EIRP deltas

	Company B
	Reuse assumptions used by Company A:
Array: 8x2
Range: {0.2, 0.4, 0.8} m
Offset: {0, 0.05, 0.10} m
HPBW: {90/90}
	2.5
	1.2
	
	Simulations were performed to establish alignment with another company



Table 5.1.2.2-2 below summarizes the results from simulations of beam management sensitivity of a CFFNF system (i.e. beam peak search is first performed in the FF/IFF and test case is executed in the NF).
Table 5.1.2.2-2: Beam management sensitivity results of a CFFNF system
	Company and reference
	Swept parameters
	Beam management performance maximum ∆ relative to reference (dB)
	Notes

	
	
	Beam peak
	50% CDF
	TRP
	

	Company B (“Black box with transform approach”)
	Array: 8x2, 4x1
Range: {0.22 – 0.30} m
Offset: {0, 0.50, 0.10, 0.125} m
	Max µ = 0.2
Max σ = 0.3

	Not analysed
	Not analysed
	These results were obtained using a transform-based approach to correct the incurred path loss. Feedback from industry is requested whether to continue efforts in terms of simulations and empirical investigations on this enhanced NF methodology with transform utilizing black-box approach

	Company B (“Black & White box with transform approach”)
	Array: 8x2, 4x1
Range: {0.22 – 0.30} m
Offset: {0, 0.50, 0.10, 0.125} m
	Max µ = 0.1
Max σ = 0.3

	Not analysed
	TRP analysed separately
	These results were obtained using a transform-based approach to correct the incurred path loss. Feedback from industry is requested whether to continue efforts in terms of simulations and empirical investigations on this enhanced NF methodology with transform utilizing the white&black-box approach

	Company B (“TRP with compensation for antenna offset”)
	Array: 8x2
Range: 0.2 m
Offset: 0.15 m in x, y, z

HPBW: {260/130}
	
	
	0.02 dB systematic
0.21 dB RSS’ed
	These results were obtained using the DNF methodology with declared offset; alternatively, these results could be obtained using a transform based approach to estimate the phase centre offset. With the offset of the antenna array known, e.g., estimated with the enhanced NF methodology introduced in this contribution, very accurate TRP measurements in the NF can be made with a TRP offset compensation approach

	Company C
	Array: 4x1
Range: {100, 4.2, 0.9, 0.45, 0.3} m
Offsets: not specified

Full phone model (including the PCB and phone house) has been considered
	0.3
	1.0
	0.8
	These results were obtained using the DNF methodology. Figure of merits such as EIRP, TRP, and Spherical Coverage are not influenced dramatically from range length

Full phone model (including the PCB and phone house) has been considered



While it has always been argued that TRP can be tested in the near-field due to conservation of power, no clear measurement uncertainty analyses have been presented to quantify the errors. In this section, we briefly present our findings for measurement uncertainties when testing TRP in the near field. 
An analysis of the impact on measurement uncertainty by testing TRP in the NF was performed according to the assumption for TRP offsets in Table 5.1.2.1-1.  In this analysis, near-field effects of the antenna pattern were taken into account. Figure 5.1.2.2-1 below illustrates the differences in the 8x2 antenna pattern at the 2D2/λ distance (a) and at 1/8th of that distance (b).
a)[image: ]b)[image: ]
Figure 5.1.2.2-1: Radiation pattern of the 8x2 antenna array at 2D2/λ FF distance (a) and in NF at 1/8th of FF distance (b)
Table 5.1.2.2-3 below summarizes the impact of the approaches with and without offset correction on TRP MU.
Table 5.1.2.2-3: Impact of TRP measurement with and without offset correction on MU
	Antenna Configuration
	Range Length (cm)
	Constant Density Grid Step Size = [o]
	With Offset Correction
	Without Offset Correction

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

	8x2
	20
	5
	0.01
	0.04
	0.39
	0.24

	
	
	10
	0.03
	0.17
	0.39
	0.29

	
	25
	5
	0.02
	0.02
	0.24
	0.14

	
	
	10
	0.03
	0.08
	0.24
	0.16

	
	30
	5
	0.02
	0.01
	0.16
	0.09

	
	
	10
	0.03
	0.04
	0.16
	0.10

	
	35
	5
	0.02
	0.01
	0.12
	0.07

	
	
	10
	0.04
	0.03
	0.12
	0.07

	
	40
	5
	0.02
	0.01
	0.09
	0.05

	
	
	10
	0.04
	0.03
	0.09
	0.05



	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	



Additionally, CDF curves for the various simulation results are presented in Figure 5.1.2.2-2 below.
[image: ]
Figure 5.1.2.2-2: Distribution of simulated TRP measurements with and without offset correction
Clause 5.1.4 summarizes the study’s conclusions based on the submitted simulation results.
<<< Skip unchanged sections >>>
<<< START OF CHANGE >>>
5.1.4	Permitted Methodologies: CFFNF and CFFDNF
Both methodologies have in common that a FF probe, e.g., reflector & feed probe from the IFF methodology, is used for the test cases that are not considered low UL power/high DL power. This FF probe is used for the low UL/high DL power test cases to steer and lock the beam in the known FF direction before the NF measurements are performed with a NF probe that exhibits much lower free-space path losses. An example test setup of such a hybrid system is shown in Figure 5.1.4-1.
The main differences between the two measurement approaches are outlined in Table 5.1.4-1.
Table 5.1.4-1: Main differences between CFFDNF and CFFNF measurement approaches
	► Methodology ►
▼ Test Approach ▼
	CFFDNF
	CFFNF

	Black Box
	N/A (Note 1)
	Wide local search at initial radius r1, narrow local searches at radii r2, r3, i.e., multiple NF measurements at r1, r2, and r3

	Black&white-box
	Single NF measurement or local search at r1 
	Single NF measurements at r1, and r2

	Note 1:	This can be revised whenever empirical methods to determine the offset location or other methods are shown feasible.



[image: ]
Figure 5.1.4-1: Hybrid NF/(I)FF test setup suitable for NF measurements 
In a NF system, the NF beam peak direction for an offset antenna is not necessarily the same as the FF beam peak direction; however, the knowledge of the antenna phase centre offset, i.e., black&white-box approach, can be leveraged to measure at the NF beam peak direction as illustrated in 5.1.4-2. The knowledge of the offset together with the probe antenna pattern will allow the calculation of the optimized DUT orientation to optimize the NF measurement. The beam peak direction in the NF can either be calculated or determined via a local search.
[image: ] [image: ]
Figure 5.1.4-2: Illustration of NF testing utilizing the black&white-box approach. 
To guarantee that the correct beam is measured for when the black&white-box measurement approach is applied, the CFF(D)NF approach utilizes a FF probe that allows the UE to select the proper beam in the known beam peak direction. A beam lock activation via the UBF makes sure that the UE no longer changes its antenna pattern when the NF measurement probe is used to perform the measurements with significantly reduced free-space path losses compared to existing IFF systems. 
The CFFDNF approach and test steps for EIRP/EIS/TRP follow those for IFF/DFF outlined in Annex K [6] with the exception that the minimum range length is reduced. The minimum number of TRP grid points, and required grid point spacing, and the effect of compensation of the declared/known offset is further outlined in this clause.
[bookmark: _Toc73660485]5.1.4.1	Asymptotic Expansion Approach for CFFNF
The asymptotic expansion approach for CFFNF that is using measurements
-	at three different radii including local searches around the FF beam peak direction (black-box approach) or 
-	at two different radii without local searches as the NF beam peak direction can be calculated (black&white-box approach) 
is primarily meant to estimate the FF EIRP/EIS at the beam peak with NF EIRP/EIS measurements performed in the radiative NF instead of the reactive NF. This expansion approach is not suitable to determine the FF pattern given the required overhead with the measurements at multiple radii.
The asymptotic expansion approach is based on the superposition approach

with
-	Signal(𝜃, ϕ): signal at measurement grid point (𝜃, ϕ, 𝑟)
-	: complex coefficient for kth antenna array element
-	: field pattern for kth antenna element
-	: field pattern for probe antenna
-	(𝜃k, ϕk): EL and AZ angles of kth antenna element with respect to measurement grid point (𝜃, ϕ, 𝑟)
-	(𝛼k, 𝛽k): EL and AZ angles of probe antenna with respect to the kth antenna element
-	: wavelength
-	: distance between kth antenna element to measurement grid point (𝜃, ϕ, 𝑟)
-	r: range length/measurement distance between centre of QZ and probe antenna
-	: amplitude loss caused by propagation on length of 
-	: the phase variation caused by propagation on length of 
The estimate of the FF EIRP based on NF measurements, p(d), can be expressed as follows

with

where EIRP(df) is the estimated EIRP in the far-field and df is the distance between the phase centre of the antenna array and the far-field beam peak at range length r (in the FF: r ~ df) while p(d1) is the measured power with the probe antenna at a near-field distance d1 (measured from the phase centre of the antenna array to probe antenna), ∂p/∂d is the derivative of power p to distance d. Because the near-field distance d1 is unknown for the black box approach, measurements of the EIRP at multiple measurement distances are needed to determine the parameters of the ∂p/∂d derivative and the first near-field distance d1.
Following the implementation of the CFFNF simulations and an in-depth analysis of the derivative of the superposition expression above, the approximation of normalized power to distance ∂p/∂d was determined to be

which yields dependency of normalized power to d of

This approximation in turn corresponds to a power (field) dependence in the NF of 1/r4 (1/r2) which is commonly observed in the radiative NF. CST simulations were used to further support this formulation. Here, an 8x2 antenna array, placed at (0,0,0), was evaluated. Two measurements at r1 and r2 were used to estimate the asymptotic expansion coefficients bi; this allowed to estimate the power/EIRP at various distances which was can be compared with actual CST simulations at those distances. The behaviour and the normalized power (compensating the path loss) estimated from two sets of two measurements at (r1, r2) of (7.5cm, 9.5cm) and (20cm, 22cm) simulated at various distances (>r2) are shown in Figure 5.1.4.1-1.
[image: ][image: ]
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Figure 5.1.4.1-1: Normalized power (left) and power derivative (right) and as a function of transformed distance. The NF evaluations were performed at r1=7.5cm, r2=8.5cm, r3=9.5cm (top) and at r1=20cm, r2=21cm, r3=22cm (bottom)
These curves show that the  asymptotic expansion formulation yields good estimates of EIRP/EIS based on measurements in the radiative NF.
[bookmark: _Toc73660486]5.1.4.2	Test Procedures for CFFDNF and CFFNF
The appropriate test steps required for NF testing based on the CFFDNF approach of DUTs with known phase-centre offsets (black&white-box) are illustrated in Figure 5.1.4.2-1.
[image: ]
Figure 5.1.4.2-1: Test Steps for CFFDNF testing of DUTs with known antenna phase centre offset (black&white-box approach).
For the CFFNF methodology that supports both the black-box and the black&white-box approach, the initial test steps are the same as steps 1-3 in Figure 5.1.4.2-1. The test steps for the NF measurement portion of the black-box approach are further outlined in Figure 5.1.4.2-2 while the NF test steps for the black&white-box approach are outlined in Figure 5.1.4.2-3. The diagrams on the right of Figure 5.1.4.2-2 illustrate the different local searches required for the measurements at each of the three radii. The measurements at the very first radius r1 require a wide sector of grid points around the known FF beam peak direction big enough so that the local/NF beam peak is captured properly. For the initial local search at r1=20cm, the width of the sector is about ±40o which can be covered using coarse and fine scans to further reduce the number of points. On the other hand, the sector of grid points for measurements at radius r2 and r3 can be significantly smaller as only a small region around the local NF beam peak found at r1 is needed.
[image: ]
Figure 5.1.4.2-2: Illustration of the additional CFFNF test steps with asymptotic expansion transform utilizing the black-box approach.
[image: ]
Figure 5.1.4.2-3: Illustration of the additional CFFNF test steps with asymptotic expansion transform utilizing the black&white-box approach.
The sample sequence of test steps for the CFFDNF test methodology with the black&white-box approach is as follows (aligned in principle with Clause K.1.3 of [6]): 
1.	Connect the SS (System Simulator) with the DUT through the FF measurement antenna with polarization reference PolLink to form the TX beam towards the FF TX beam peak direction. Allow at least BEAM_SELECT_WAIT_TIME for the UE TX beam selection to complete.
2.	SS activates the UE Beamlock Function (UBF) by performing the procedure as specified in TS 38.508-1 clause 4.9.2 using condition Tx only.
3.	If necessary, switch the connection of the SS from the FF probe to the NF probe at range length r1 with polarization reference PolLink. Position the device so that the NF probe antenna is pointed towards the NF TX beam peak direction (determined from the antenna offset, range length, and FF beam peak direction). The range length is left up to system implementation.
4.	Measure the mean power Pmeas(PolMeas= PolLink) of the modulated signal arriving at the power measurement equipment (such as a spectrum analyser, power meter, or gNB emulator).
5.	Calculate the EIRP(PolMeas= PolLink from the measured power Pmeas(PolMeas= PolLink
a.	adding the calibrated composite loss of the entire transmission path between the TE and the centre of QZ (displaced from measurement probe by r), LEIRP,θ
b.	compensating the actual measurement distance d (between the centre of the array to the measurement probe) using term 20 log10(d/r)
c.	applying the probe antenna gain NF correction
6.	Measure the mean power Pmeas(PolMeas= PolLink) of the modulated signal arriving at the power measurement equipment (such as a spectrum analyser, power meter, or gNB emulator).
7.	Calculate the EIRP(PolMeas= PolLink from the measured power Pmeas(PolMeas= PolLink
a.	adding the calibrated composite loss of the entire transmission path between the TE and the centre of QZ (displaced from measurement probe by r), LEIRP,ϕ
b.	compensating the actual measurement distance d (between the centre of the array to the measurement probe) using term 20 log10(d/r)
c.	applying the probe antenna gain NF correction
8.	Calculate the resulting “total EIRP(PolLink)”, for the chosen PolLink of oras follows:
total EIRP (PolLink = EIRP(PolMeas= PolLink + EIRP(PolMeas= PolLink
9.	SS deactivates the UE Beamlock Function (UBF) by performing the procedure as specified in TS 38.508-1 clause 4.9.3.
The sample sequence of test steps for the CFFNF test methodology with the black&white-box approach is as follows (aligned in principle with Clause K.1.3 of [6]):
1.	Connect the SS (System Simulator) with the DUT through the FF measurement antenna with polarization reference PolLink to form the TX beam towards the FF TX beam peak direction. Allow at least BEAM_SELECT_WAIT_TIME for the UE TX beam selection to complete.
2.	SS activates the UE Beamlock Function (UBF) by performing the procedure as specified in TS 38.508-1 clause 4.9.2 using condition Tx only.
3.	If necessary, switch the connection of the SS from the FF probe to the NF probe at range length r=r1 /at measurement distance d=d1 (between the centre of the array to the measurement probe) with polarization reference PolLink. 
4.	Position the device so that the NF probe antenna is pointed towards the NF TX beam peak direction (determined from the antenna offset, range length r1, and FF beam peak direction). The range length r1 is left up to system implementation.
45.	Measure N averages of the mean power Pmeas(d1, PolMeas= PolLink) of the modulated signal arriving at the power measurement equipment (such as a spectrum analyser, power meter, or gNB emulator). The number of averages is left up to system implementation.
56.	Calculate the normalized NF power p(d1, PolMeas= PolLink from the measured power Pmeas(d1, PolMeas= PolLink
a.	adding the calibrated composite loss of the entire transmission path between the TE and the centre of QZ (displaced from measurement probe by r=r1), LEIRP,θ
b.	compensating the actual measurement distance d=d1 (between the centre of the array to the measurement probe) using term 20 log10(d1/r1)
c.	applying the probe antenna gain NF correction
67.	Measure N averages of the mean power Pmeas(d1, PolMeas= PolLink) of the modulated signal arriving at the power measurement equipment (such as a spectrum analyser, power meter, or gNB emulator). The number of averages is left up to system implementation.
78.	Calculate the normalized NF power p(d1, PolMeas= PolLink from the measured power Pmeas(d1, PolMeas= PolLink
a.	adding the calibrated composite loss of the entire transmission path between the TE and the centre of QZ (displaced from measurement probe by r=r1), LEIRP,ϕ
b.	compensating the actual measurement distance d=d1 (between the centre of the array to the measurement probe) using term 20 log10(d1/r1)
c.	applying the probe antenna gain NF correction
89.	Repeat Steps 4-7 8 for r=r2 and d=d2
910.	Calculate the total normalized NF power for the chosen PolLink of oras follows:
p(di = p(di, PolMeas= PolLink + p(di, PolMeas= PolLink) with i={1,2}
1011.	Based on the selected asymptotic expansion formulation, determine the “total FF EIRP(PolLink)” from the two total normalized NF power measurement measurements, p(d1) and p(d2). For an asymptotic expansion formulation of

The resulting “total FF EIRP(PolLink)”, for the chosen PolLink of or is calculated as follows

1112.	SS deactivates the UE Beamlock Function (UBF) by performing the procedure as specified in TS 38.508-1 clause 4.9.3.
The sample sequence of test steps for the CFFNF test methodology with the black-box approach is as follows (aligned in principle with Clause K.1.3 of [6]):
1.	Connect the SS (System Simulator) with the DUT through the FF measurement antenna with polarization reference PolLink to form the TX beam towards the FF TX beam peak direction. Allow at least BEAM_SELECT_WAIT_TIME for the UE TX beam selection to complete.
2.	SS activates the UE Beamlock Function (UBF) by performing the procedure as specified in TS 38.508-1 clause 4.9.2 using condition Tx only.
3.	If necessary, switch the connection of the SS from the FF probe to the NF probe at range length r1 with polarization reference PolLink. Position the device so that that NF probe antenna is pointed towards the FF TX beam peak direction. The range length r1 is left up to system implementation.
4.	Perform a NF BP search on a sector around the FF BP direction at radius r=r1, which could determine K (≥1) possible NF BP directions and corresponding antenna array phase centre positions and thus distances between the antenna array and the measurement probe, d1,k. Based on the NF BP directions and antenna array phase centre positions, the corresponding NF BP directions at radius r=r2 and r=r3 can be determined. Details including the range lengths r2 and r3 are left up to system implementation.  
5.	Measure N averages of the mean power Pmeas,k(di,k, PolMeas= PolLink), k={1,2,…, K} of the modulated signal arriving at the power measurement equipment (such as a spectrum analyser, power meter, or gNB emulator) at each of the K possible NF BP direction at radius r=ri with i={1,2,3} determined in Step 4. The number of averages is left up to system implementation.
6.	Calculate the normalized NF power pmeas,k(di,k, PolMeas= PolLink, k={1,2,…, K}, from the measured power Pmeas,k(di,k, PolMeas= PolLink), k={1,2,…,K}, at radius r=ri with i={1,2,3}
a.	adding the calibrated composite loss of the entire transmission path between the TE and the centre of QZ (displaced from measurement probe by r=ri), LEIRP,θ
b.	compensating the actual measurement distance d=di (between the centre of the array to the measurement probe) using term 20 log10(di,k/ri)
c.	applying the probe antenna gain NF correction
7.	Measure N averages of the mean power Pmeas,k(di,k, PolMeas= PolLink), k={1,2,…,K}, of the modulated signal arriving at the power measurement equipment (such as a spectrum analyser, power meter, or gNB emulator) at each of the possible NF BP direction at radius r=ri with i={1,2,3} determined in Step 4. The number of averages is left up to system implementation.
8.	Calculate the normalized NF power pmeas,k(di,k, PolMeas= PolLink k={1,2,…, K},  from the measured power Pmeas,k(di,k, PolMeas= PolLink), k={1,2,…, K}, at radius r=ri with i={1,2,3}
a.	adding the calibrated composite loss of the entire transmission path between the TE and the centre of QZ (displaced from measurement probe by r=ri), LEIRP, 
b.	compensating the actual measurement distance d=di (between the centre of the array to the measurement probe) using term 20 log10(di,k/ri)
c.	applying the probe antenna gain NF correction
9.	Calculate the total normalized NF power for each of possible NF BP directions with the chosen PolLink of oras follows:
pmeas,k(di = pmeas(di,k, PolMeas= PolLink + pmeas(di,k, PolMeas= PolLink) with k={1,2,…,K} and  i={1,2,3}
10.	For each of K possible NF BP directions, based on the pmeas,k, k={1,2,…,K}, results at r=r1, r=r2, and r=r3 perform a linear fitting to determine far-field normalized power “total FF EIRPk(PolLink)” and fitting error errk, based on the selected expansion formulation, e.g.,

11.	Determine the final NF BP direction by choosing the NF BP direction with minimum fitting error Details of this step are left up to system implementation.
12.	Based on the selected NF BP direction in Step 11, the resulting “total FF EIRP(PolLink)”, for the chosen PolLink of or is determined as 
13.	SS deactivates the UE Beamlock Function (UBF) by performing the procedure as specified in TS 38.508-1 clause 4.9.3.
[bookmark: _Toc73660487]5.1.4.3	Simulation Assumptions
The simulation assumptions for the CFFDNF and CFFNF methodologies are summarized in Table 5.1.4.3-1 for CFFNF and CFFDNF.
Table 5.1.4.3-1: Simulation assumptions for CFFDNF and CFFNF simulations
	Parameter
	Value(s)/Assumptions
	Comment

	Methodology
	CFFDNF: with black&white-box approach
CFFNF: with black-box and black&white-box approach
	

	Simulation Frequency [GHz]
	28 (others are not precluded)
	

	UE Antenna Array Configuration
	PC3: 8x2 and 4x1
PC1: 12x12
	

	Beam Steering Assumptions
	N/A
	Not needed for CFFDNF as beam peak searches and spherical coverage measurements are based on FF probe

	HPBW of Individual Array Element
	90o/90o
	

	Offsets of Active Array Panel
	PC3 8x2&4x1:
0 ≤ xoffset ≤ 12.5cm
-12.5cm ≤ yoffset ≤ 12.5cm
-12.5cm ≤ zoffset ≤ 12.5cm
(The maximum radial offset cannot exceed 12.5cm)
 
PC1 12x12:
0 ≤ xoffset ≤ 10 cm
-10cm ≤ yoffset ≤ 10cm
-10cm ≤ zoffset ≤ 10cm
(The maximum radial offset cannot exceed 10cm)
	Offsets should be picked randomly (for uniform distribution)

Min of 500 offsets selected randomly with uniform distribution


	Path Loss Correction
	Compensation of antenna array offset
	Path loss applied to the EIRP measurements is not referenced to the centre of QZ but to the phase centre of the active antenna array

	NF Measurement Direction
	Determined theoretically from range length, FF BP direction, and array offsets
	Local search is not precluded

	Probe antenna pattern/gain compensation
	[bookmark: _Ref67316449]With compensation (uniform pattern assumed in simulations)
Without compensation (typical horn pattern with ~50o HPBW pattern applied)
	

	Tool Used for Simulations
	Matlab or EM simulator
	

	Range Lengths
	CFFDNF: 20cm, 25cm, 30cm, 35cm, 40cm, 45cm, 20m
	



[bookmark: _Toc73660488]5.1.4.4	Simulation results for CFFDNF
The main intention of this clause is to estimate the measurement uncertainties of EIRP measurements performed in the NF at various range lengths. Since the beam peak search and spherical coverage analyses are performed with the FF probe, beam steering assumptions are not required here. The definitions of offsets (xoffset/yoffset/zoffset), maximum offsets (≤12.5cm for PC3 and ≤10cm for PC1), array configurations (PC3: 8x2 and 4x1, PC1: 12x12), and range lengths are summarized in Table 5.1.4.3-1. 
The FF 8x2 and 4x1 array patterns with the 90o/90o HPBW assumption are shown in Figure 5.1.4.4-1.
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Figure 5.1.4.4-1: FF antenna pattern with 90o/90o HPBW for 8x2 antenna array configuration (left) and 4x1 antenna array configuration (right).
The pattern simulations assume superpositions of individual, single-element far-field antenna patterns; this approach requires that the NF of Ny x Nz antenna array is well in the FF of the single-element antenna. The EIRP simulations were performed using Matlab and CST. 
The simulations assume that the FF beam peak direction of the DUT is known for the sample DUT considered.
For the statistical analyses using Matlab, a total of 100,000 simulations with random and uniformly spaced offsets were performed. These offsets were varied between 0 to 12.5cm (10cm) in x and from -12.5cm (-10cm) to 12.5cm (10cm) in y and z for PC3 (PC1) while making sure that the maximum radial offset cannot exceed 12.5cm (10cm). The offsets in x were limited to positive values since it is assumed that the front antenna of the DUT is always in the upper hemisphere since the geometric centre of the device is aligned with the centre of the QZ. A sample set of 100,000 random offsets is visualized in Figure 5.1.4.4-2. Histograms of the respective offset radii, and offsets in x, y, and z are shown in Figure 5.1.4.4-3.
[image: ]
Figure 5.1.4.4-2: Illustration of 100,000 random offsets uniformly spaced within 12.5cm in a single hemisphere.
[image: ]
Figure 5.1.4.4-3: Histograms of 100,000 random offsets uniformly spaced within 12.5cm in a single hemisphere.
Since each of the offsets are known/declared, the offset can be properly compensated, i.e., the pathloss applied to the EIRP measurements is not referenced to the centre of QZ but to the phase centre of the active antenna array. The results in this clause focus only on the EIRP results after the path loss with respect to the offset antenna array was compensated. 
Additionally, for the best/optimized measurement uncertainties, the probe antenna pattern/gain must be compensated since the array offsets can result in the NF beam peak to be observed from directions with large deviations from the peak gain direction of the measurement probe/horn as illustrated in Figure 5.1.4-2. In the simulations, probe pattern/gain compensation can be modelled in the simplest approximation by assuming an omnidirectional pattern of the probe. To quantify the effect of not compensating the probe antenna pattern, this section will present measurement uncertainties for a typical horn antenna. For these simulations, a symmetric pattern of a horn antenna with ~50o HPBW pattern is assumed as plotted in Figure 5.1.4.4-4, which was obtained using the following Matlab commands:
ProbeTheta=-180:1:180;
HPBW=50;
ProbePattern_norm=-12*(ProbeTheta/HPBW);

[image: ]
Figure 5.1.4.4-4: Assumed measurement probe antenna pattern.
The NF beam peak direction, illustrated in Figure 5.1.4-2, was calculated using the known FF beam peak direction, the offset of the antenna array, and the range length. 
A histogram of the 100k EIRP simulations for 4 different NF range lengths (20cm, 25cm, 30cm, 45cm) and the 20m FF range lengths is shown in Figure 5.1.4.4-5 and the statistical results of these simulations are tabulated in Table 5.1.4.4-1. These results assume that the antenna array offsets and the probe pattern/gain were compensated.
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Figure 5.1.4.4-5: Histogram of 100,000 EIRP CFFDNF simulations based on black&white-box approach with random 8x2 antenna array offsets uniformly spaced within 12.5cm in a single hemisphere. The antenna array offsets and the probe pattern/gain were compensated 

Table 5.1.4.4-1: Statistical results of 100,000 EIRP CFFDNF simulations based on black&white-box approach with random 8x2 antenna array offsets uniformly spaced within 12.5cm in a single hemisphere. The antenna array offsets and the probe pattern/gain were compensated
	Range Length [m]
	Max-Min EIRP [dB]
	Max EIRP Error w.r.t. FF [dB]
	|Mean EIRP Error| w.r.t. FF [dB]
	Std. Dev of EIRP [dB]

	0.2
	1.17
	1.36
	0.48
	0.22

	0.25
	0.37
	0.50
	0.23
	0.08

	0.3
	0.17
	0.26
	0.14
	0.04

	0.35
	0.09
	0.16
	0.09
	0.02

	0.4
	0.06
	0.10
	0.07
	0.01

	0.45
	0.04
	0.07
	0.05
	0.01

	20
	0.00
	0.00
	0.00
	0.00



Figure 5.1.4.4-6 illustrates which simulations for the 20cm range length result in the minimum and maximum EIRPs after antenna offset and probe pattern compensation.

[image: ][image: ]
Figure 5.1.4.4-6: Illustration of simulations for the 20cm range length with 8x2 antenna configuration resulting in smallest (left) and largest (right) EIRPs after antenna offset and probe pattern compensation.  
When the antenna array offset is towards the probe antenna, shown in the left plot of Figure 5.1.4.4-6, the EIRP without the offset compensation is very high (20.7dBm in this example); however, the offset compensation, i.e., applying the pathloss between the probe antenna and the active antenna array, helps to significantly improve the EIRP measurement uncertainty with respect to the EIRP measured in the FF.
Once the array offsets and the probe antenna pattern are compensated in the NF with CFFDNF methodology assuming the black&white-box approach, almost insignificant measurement uncertainties for PC3 devices can be observed at 45cm. At distances less than 45cm, measurement uncertainties must be taken into account. 
When the probe pattern/gain is not compensated, a much larger variation of the measured EIRP results is expected due to the large off broadside directions of the antenna panels from the probe antenna, as illustrated schematically in Figure 5.1.4-2. This is further quantified in Figure 5.1.4.4-6 and in Table 5.1.4.4-2 for the same simulations. These results assume that the antenna array offsets are compensated while the probe pattern/gain were not compensated, i.e., the pattern in Figure 5.1.4.4-4 was applied to the simulations.
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Figure 5.1.4.4-7: Histogram of 100,000 EIRP CFFDNF simulations based on black&white-box approach with random 8x2 antenna array offsets uniformly spaced within 12.5cm in a single hemisphere. The antenna array offsets were compensated while the probe pattern/gain was not compensated 
Table 5.1.4.4-2: Statistical results of 100,000 EIRP CFFDNF simulations based on black&white-box approach with random 8x2 antenna array offsets uniformly spaced within 12.5cm in a single hemisphere. The antenna array offsets were compensated while the probe pattern/gain was not compensated.
	Range Length [m]
	Max-Min EIRP at (90,0) [dB]
	Max EIRP Error w.r.t. FF [dB]
	|Mean EIRP Error| w.r.t. FF [dB]
	Std. Dev of EIRP at (90,0) [dB]

	0.2
	7.31
	7.51
	3.15
	1.82

	0.25
	4.36
	4.49
	1.89
	1.11

	0.3
	2.93
	3.02
	1.27
	0.75

	0.35
	2.11
	2.18
	0.92
	0.54

	0.4
	1.60
	1.65
	0.69
	0.41

	0.45
	1.25
	1.29
	0.54
	0.32

	20
	0.00
	0.00
	0.00
	0.00



The latter results clearly demonstrate that when performing measurements in the NF with CFFDNF methodology assuming the black&white-box approach, the probe antenna pattern must be compensated. 
A study to determine whether 1k or even 250 offset simulations are sufficient for the MU results, a comparison of 100k vs 1k vs 250 offset simulations was made. The visualization of 100k vs 1k random offsets is illustrated in Figure 5.1.4.4-8. Clearly, the 100k offsets are uniformly distributed in the hemisphere while the random 250 and 1k offsets are distributed rather sparsely.
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Figure 5.1.4.4-8: Illustration of 100k (left) vs 1k (middle) vs 250 (right) offsets.
The results summarizing the different simulations are tabulated in Table 5.1.4.4-3. The results show that regardless of range length and antenna configuration, the difference in mean error and standard deviation is almost insignificant. 

Table 5.1.4.4-3: Statistical results of 100k vs 1k vs 250 EIRP CFFDNF offset simulations based on black&white-box approach with random antenna array offsets uniformly spaced within 12.5cm (PC3)/10cm (PC1) in a single hemisphere. The antenna array offsets were compensated.
	Antenna Configuration
	Number of Offsets
	Range Length [m]
	Mean EIRP Error w.r.t. FF [dB]
	Std. Dev of EIRP at NF BP [dB]

	8x2
	100k
	0.2
	0.48
	0.22

	
	
	0.25
	0.23
	0.08

	
	
	0.3
	0.14
	0.04

	
	
	0.35
	0.09
	0.02

	
	
	0.4
	0.07
	0.01

	
	
	0.45
	0.05
	0.01

	
	
	20
	0.00
	0.00

	8x2
	1k
	0.2
	0.48
	0.21

	
	
	0.25
	0.23
	0.07

	
	
	0.3
	0.14
	0.03

	
	
	0.35
	0.09
	0.02

	
	
	0.4
	0.07
	0.01

	
	
	0.45
	0.05
	0.01

	
	
	20
	0.00
	0.00

	8x2
	250
	0.2
	0.49
	0.23

	
	
	0.25
	0.23
	0.08

	
	
	0.3
	0.14
	0.04

	
	
	0.35
	0.09
	0.02

	
	
	0.4
	0.07
	0.01

	
	
	0.45
	0.05
	0.01

	
	
	20
	0.00
	0.00

	12x12
	100k
	0.2
	3.41
	1.09

	
	
	0.25
	1.84
	0.44

	
	
	0.3
	1.16
	0.22

	
	
	0.35
	0.80
	0.13

	
	
	0.4
	0.59
	0.08

	
	
	0.45
	0.45
	0.05

	
	
	20
	0.00
	0.00

	12x12
	1k
	0.2
	3.43
	1.10

	
	
	0.25
	1.85
	0.44

	
	
	0.3
	1.17
	0.22

	
	
	0.35
	0.81
	0.13

	
	
	0.4
	0.59
	0.08

	
	
	0.45
	0.45
	0.05

	
	
	20
	0.00
	0.00

	12x12
	250
	0.2
	3.47
	1.13

	
	
	0.25
	1.87
	0.45

	
	
	0.3
	1.18
	0.23

	
	
	0.35
	0.81
	0.13

	
	
	0.4
	0.60
	0.08

	
	
	0.45
	0.46
	0.06

	
	
	20
	0.00
	0.00



Another investigation focused on the MUs at two different frequencies at opposite ends of FR2, i.e., 28GHz and 49GHz using the same fixed range lengths. The simulation results are tabulated in Table 5.1.4.4-5 which show that the MUs at 28GHz are larger than at 49GHz. 
As outlined in Table 5.1.4.4-4 below, the range lengths as a function of wavelength are different between those two frequencies. The MUs are smaller for 49GHz when compared to 28GHz since the distances in wavelength are larger for the 40GHz case.
Table 5.1.4.4-4: Range length vs frequency
	Range Length [m]
	Frequency [GHz]

	
	28
	49

	
	Distance []
	Distance []

	0.2
	19
	33

	0.3
	28
	49

	0.45
	42
	74

	20
	1868
	3269



Table 5.1.4.4-5: Statistical results of 28GHz vs 49GHz EIRP CFFDNF offset simulations based on black&white-box approach with random antenna array offsets uniformly spaced within 12.5cm (PC3)/10cm (PC1) in a single
	Antenna Configuration
	Simulation Frequency [GHz]
	Range Length [m]
	|Mean EIRP Error| w.r.t. FF [dB]
	Std. Dev of EIRP at NF BP [dB]

	8x2
	28
	0.2
	0.48
	0.22

	
	
	0.25
	0.23
	0.08

	
	
	0.3
	0.14
	0.04

	
	
	0.35
	0.09
	0.02

	
	
	0.4
	0.07
	0.01

	
	
	0.45
	0.05
	0.01

	
	
	20
	0.00
	0.00

	8x2
	49
	0.2
	0.16
	0.07

	
	
	0.25
	0.08
	0.02

	
	
	0.3
	0.05
	0.01

	
	
	0.35
	0.03
	0.01

	
	
	0.4
	0.02
	0.00

	
	
	0.45
	0.02
	0.00

	
	
	20
	0.00
	0.00



Another investigation focused on whether Matlab which is using an analytical approximation of the radiation pattern of the antenna arrays in the NF and FF based on the superposition approach  yields similar uncertainties as a full EM simulation tool, i.e., CST, which is calculating the NF and FF patterns based on a numerical approach. Figure 5.1.4.4-9 illustrates the differences of the simulated 8x2 antenna patterns between Matlab (solid lines) and CST (dashed lines) both for the FF interface distance of 2D2/, i.e., 47cm at 28GHz with D=5cm, (red lines) and the NF interface distance of , i.e., 7cm at 28GHz with D=5cm, (blue lines) in two principal cuts. Clearly, the agreement between Matlab and CST simulations of a dipole-based antenna element array placed over a ground plane is very good in both NF and FF. The CST analyses which used a grid size of 1o in  and . Those results are summarized in Table 5.1.4.4-6 and assume that array offsets and the feed probe have been compensated. The simulations with the limited number of offsets assumed the same offsets were used in Matlab and CST. Overall, these results show that were good agreement between 100k and the limited number of offsets can be achieved and that the Matlab and CST simulations yield excellent agreement.
[image: ]
Figure 5.1.4.4-9: Comparison of CST and Matlab 8x2 antenna pattern.

Table 5.1.4.4-6: Statistical results of EIRP CFFDNF simulations performed with Matlab and CST.
	Antenna Configuration
	Simulation Tool
	Number of Offsets
	Range Length [m]
	Max-Min EIRP at NF BP [dB]
	Max EIRP Error w.r.t. FF [dB]
	|Mean EIRP Error| w.r.t. FF [dB]
	Std. Dev of EIRP at NF BP [dB]

	8x2
	Matlab
	100k
	0.2
	1.17
	1.36
	0.48
	0.22

	
	
	
	0.25
	0.37
	0.50
	0.23
	0.08

	
	
	
	0.3
	0.17
	0.26
	0.14
	0.04

	8x2
	Matlab
	500
	0.2
	1.05
	1.25
	0.48
	0.22

	
	
	
	0.25
	0.34
	0.47
	0.23
	0.07

	
	
	
	0.3
	0.16
	0.25
	0.14
	0.03

	8x2
	CST
	500
	0.2
	0.93
	1.10
	0.42
	0.19

	
	
	
	0.25
	0.34
	0.45
	0.22
	0.07

	
	
	
	0.3
	0.18
	0.26
	0.14
	0.04

	12x12
	Matlab
	100k
	0.25
	2.07
	3.26
	1.84
	0.44

	
	
	
	0.3
	1.02
	1.85
	1.16
	0.22

	
	
	
	0.35
	0.58
	1.19
	0.80
	0.13

	12x12
	CST
	500
	0.25
	2.15
	3.45
	1.98
	0.47

	
	
	
	0.3
	1.09
	2.00
	1.26
	0.24

	
	
	
	0.35
	0.63
	1.31
	0.89
	0.14



The results for the other antenna configurations are tabulated in Table 5.1.4.4-7.

Table 5.1.4.4-7: Statistical results of 100,000 EIRP CFFDNF simulations based on black&white-box approach with random antenna array offsets uniformly spaced within 12.5cm (PC3)/10cm (PC1) in a single hemisphere. The antenna array offsets were compensated.
	Antenna Configuration
	Probe Pattern Compensation
	Range Length [m]
	Max-Min EIRP at NF BP [dB]
	Max EIRP Error w.r.t. FF [dB]
	|Mean EIRP Error| w.r.t. FF [dB]
	Std. Dev of EIRP at NF BP [dB]

	4x1
	yes
	0.2
	0.10
	0.11
	0.04
	0.02

	
	
	0.25
	0.03
	0.04
	0.02
	0.01

	
	
	0.3
	0.01
	0.02
	0.01
	0.00

	
	
	0.35
	0.01
	0.01
	0.01
	0.00

	
	
	0.4
	0.01
	0.01
	0.01
	0.00

	
	
	0.45
	0.00
	0.01
	0.00
	0.00

	
	
	20
	0.00
	0.00
	0.00
	0.00

	
	no
	0.2
	7.19
	7.21
	2.73
	1.84

	
	
	0.25
	4.32
	4.33
	1.68
	1.12

	
	
	0.3
	2.91
	2.92
	1.15
	0.76

	
	
	0.35
	2.10
	2.11
	0.84
	0.55

	
	
	0.4
	1.59
	1.60
	0.64
	0.42

	
	
	0.45
	1.25
	1.25
	0.50
	0.33

	
	
	20
	0.00
	0.00
	0.00
	0.00

	12x12
	yes
	0.2
	5.38
	7.24
	3.41
	1.09

	
	
	0.25
	2.07
	3.26
	1.84
	0.44

	
	
	0.3
	1.02
	1.85
	1.16
	0.22

	
	
	0.35
	0.58
	1.19
	0.80
	0.13

	
	
	0.4
	0.36
	0.82
	0.59
	0.08

	
	
	0.45
	0.24
	0.61
	0.45
	0.05

	
	
	20
	0.00
	0.00
	0.00
	0.00

	
	no
	0.2
	5.63
	7.49
	5.07
	1.41

	
	
	0.25
	3.05
	4.25
	2.89
	0.73

	
	
	0.3
	1.98
	2.81
	1.88
	0.47

	
	
	0.35
	1.40
	2.02
	1.33
	0.33

	
	
	0.4
	1.05
	1.52
	0.99
	0.25

	
	
	0.45
	0.82
	1.19
	0.77
	0.20

	
	
	20
	0.00
	0.00
	0.00
	0.00



The simulation results from two different companies using the same simulation assumptions are tabulated in Table 5.1.4.4-8.
Table 5.1.4.4-8: CFFDNF simulation results utilizing black&white-box with antenna array offset and feed antenna pattern compensated.
	
	
	Company A (using Matlab and 100k Offsets)
	Company A (using CST and 500 Offsets)
	Company B (using Matlab and 500 Offsets)

	Antenna Config.
	Range Length [m]
	|Mean EIRP Error| w.r.t. FF [dB]
	Std. Dev of EIRP at NF BP [dB]
	|Mean EIRP Error| w.r.t. FF [dB]
	Std. Dev of EIRP at NF BP [dB]
	|Mean EIRP Error| w.r.t. FF [dB]
	Std. Dev of EIRP at NF BP [dB]

	4x1
	0.2
	0.04
	0.02
	
	
	0.034
	0.015

	
	0.25
	0.02
	0.01
	
	
	0.016
	0.005

	
	0.3
	0.01
	0.00
	
	
	0.010
	0.002

	
	0.35
	0.01
	0.00
	
	
	0.006
	0.003

	
	0.4
	0.01
	0.00
	
	
	0.003
	0.001

	
	0.45
	0.00
	0.00
	
	
	0.002
	0.000

	
	20
	0.00
	0.00
	
	
	0.000
	0.000

	8x2
	0.2
	0.48
	0.22
	0.42
	0.19
	0.391
	0.174

	
	0.25
	0.23
	0.08
	0.22
	0.07
	0.188
	0.058

	
	0.3
	0.14
	0.04
	0.14
	0.04
	0.113
	0.026

	
	0.35
	0.09
	0.02
	
	
	0.075
	0.016

	
	0.4
	0.07
	0.01
	
	
	0.054
	0.008

	
	0.45
	0.05
	0.01
	
	
	0.041
	0.006

	
	20
	0.00
	0.00
	
	
	0.000
	0.000

	12x12
	0.2
	3.41
	1.09
	
	
	2.697
	0.832

	
	0.25
	1.84
	0.44
	1.98
	0.47
	1.450
	0.333

	
	0.3
	1.16
	0.22
	1.26
	0.24
	0.913
	0.166

	
	0.35
	0.80
	0.13
	0.89
	0.14
	0.627
	0.097

	
	0.4
	0.59
	0.08
	
	
	0.460
	0.061

	
	0.45
	0.45
	0.05
	
	
	0.351
	0.040

	
	20
	0.00
	0.00
	
	
	0.000
	0.000



While it has always been argued that TRP can be tested in the near-field due to conservation of power, no clear measurement uncertainty analyses have been presented to quantify the errors. The findings for measurement uncertainties when testing TRP in the near field using CFFDNF are presented next. 
An analysis of the impact on measurement uncertainty by testing TRP in the NF was performed according to the assumption for TRP offsets in Table 5.1.2.1-1.  In this analysis, near-field effects of the antenna pattern were taken into account. Figure 5.1.4.4-10 below illustrates the differences in the 8x2 antenna pattern at the 2D2/λ distance (a) and at 1/8th of that distance (b).
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[bookmark: _Hlk78282694]Figure 5.1.4.4-10: Radiation pattern of the 8x2 antenna array at 2D2/λ FF distance (left) and in NF at 1/8th of FF distance (right)
Table 5.1.4.4-9 below summarizes the impact of the approaches with and without offset correction on TRP MU.
Table 5.1.4.4-9: Impact of TRP measurement with and without offset correction on MU
	Antenna Configuration
	Range Length (cm)
	Constant Step-Size Grid Step Size = [o]
	With Offset Correction
	Without Offset Correction

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

	8x2
	20
	5
	0.01
	0.04
	0.39
	0.24

	
	
	10
	0.03
	0.17
	0.39
	0.29

	
	25
	5
	0.02
	0.02
	0.24
	0.14

	
	
	10
	0.03
	0.08
	0.24
	0.16

	
	30
	5
	0.02
	0.01
	0.16
	0.09

	
	
	10
	0.03
	0.04
	0.16
	0.10

	
	35
	5
	0.02
	0.01
	0.12
	0.07

	
	
	10
	0.04
	0.03
	0.12
	0.07

	
	40
	5
	0.02
	0.01
	0.09
	0.05

	
	
	10
	0.04
	0.03
	0.09
	0.05



Additionally, CDF curves for the various simulation results are presented in Figure 5.1.4.4-11below.
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Figure 5.1.4.4-11: Distribution of simulated TRP measurements with and without offset correction

Next, TRP simulation results are presented for the CFFDNF methodology for PC1 based on the 12x12 antenna configuration following the assumptions outlined in Section 5.1.4.3. The Matlab simulation results are summarized in Table 5.1.4.4-10 with and without path loss correction. For these simulations, a uniform angular grid spacing was applied in  and to the TRP grid. It should be noted that the antenna array offset must be known/declared when the path loss correction is applied. 
Table 5.1.4.4-10: CFFDNF TRP simulation results with and without path loss correction for PC1 devices (12x12 antenna configuration) with a uniform angular spacing in  and . 
	Antenna Configuration
	Range Length [cm]
	Constant Step-Size Grid Step Size = [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  and  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 5.1.4.4-12 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 ==2.5o.
· The cyan grid points are outside a ±20o cone centred around the NF beam peak with ==10o.
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Figure 5.1.4.4-12: 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 , , and twist  as outlined in Clause G.1 of [3]). Table 5.1.4.4-11 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  and  Table 5.1.4.4-10. For PC1, TRP test cases with a non-uniform angular spacing in  and  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.
Table 5.1.4.4-11: 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 Step-Size Grid Step Size outside cone = [o]
	Constant Step-Size Grid Step Size within cone = [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 5.1.4.4-12.
Table 5.1.4.4-12: 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 Step-Size Grid Step Size outside cone = [o]
	Constant Step-Size Grid Step Size within cone = [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  and  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 5.1.4.4-13 when the antenna array offset is known and compensated with angular grid spacings placed uniformly and non-uniformly in  and . Clearly, the non-uniform TRP measurement grid approach is especially beneficial in terms of test time reduction. The TRP calculation is left to the system vendor as there are different approaches to determine TRP, e.g., interpolation of all results to the fine grid vs partial TRPs calculated within the cone and outside the cone.
Table 5.1.4.4-13: 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  and  (factor)

	
	
	Cone width (±) [o]
	Constant Step-Size Grid Step Size outside cone = [o]
	Constant Step-Size Grid Step Size within cone = [o]
	Average Number of unique grid points
	Constant Step-Size Grid Step Size = [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: _Toc73660489]5.1.4.5	Simulation results for CFFNF (using Black & White-Box Approach)
In this clause, results for near-field and far-field simulations of Ny x Nz antenna arrays for the CFFNF methodology based on the black&white-box approach, i.e., the location of active antenna panel for the FF beam peak direction is known/declared, are presented. The simulation assumptions are, for the most part, the same as those in Table 5.1.4.3-1. 
All Initial simulations are were performed with an EM simulator, CST. The grid size used for the CST simulations had step sizes of 1o in  and . Given the previous observation regarding the need to offset the probe pattern, the simulations for CFFNF using black&white approach only focused on the feed probe pattern compensated. 
The CFFNF results are tabulated in Table 5.1.4.5-1 for 8x2 (PC3) and in Table 5.1.4.5-2 for 12x12 (PC1) and compared with the CFFDNF results (same as those in Table 5.1.4.4-8). Clearly, the measurement at the additional radius r2 significantly reduces the measurement uncertainties and allows EIRP/EIS measurements of PC3 (PC1) devices at 21cm (31cm) range length without additional (with very small) MU. These simulations assume that r2 is either r2=r1+1cm or r2=r1+2cm. 
Subsequent simulations were performed with Matlab based on the same assumptions. The PC3 results are tabulated in Table 5.1.4.5-3 with results from two different companies while the PC1 results are tabulated in Table 5.1.4.5-4.
Table 5.1.4.5-1: Statistical results of 500 EIRP CFFNF & CFFDNF CST simulations based on black&white-box approach with random 8x2 antenna array offsets uniformly spaced within 12.5cm in a single hemisphere. The antenna array offsets and probe pattern were compensated.
	[bookmark: _Ref68850052]Method
	Range Length(m)
	Max-Min EIRP (dB)
	Max Error w.r.t. FF (dB)
	|Mean Error| (dB)
	Std. Dev (dB)

	CFFNF 
B&W Box
(r2=r1+1cm)
	0.21
	0.24
	0.16
	0.04
	0.04

	
	0.26
	0.22
	0.13
	0.03
	0.03

	
	0.31
	0.25
	0.15
	0.03
	0.03

	CFFNF 
B&W Box
(r2=r1+2cm)
	0.22
	0.30
	0.23
	0.04
	0.04

	
	0.27
	0.25
	0.16
	0.03
	0.04

	
	0.32
	0.25
	0.17
	0.03
	0.04

	CFFDNF 
B&W Box
	0.20
	0.93
	1.10
	0.42
	0.19

	
	0.25
	0.34
	0.45
	0.22
	0.07

	
	0.30
	0.18
	0.26
	0.14
	0.04

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



Table 5.1.4.5-2: Statistical results of 500 EIRP CFFNF & CFFDNF CST simulations based on black&white-box approach with random 12x12 antenna array offsets uniformly spaced within 10cm in a single hemisphere. The antenna array offsets and probe pattern were compensated.
	Method
	Range Length(m)
	Max-Min EIRP (dB)
	Max Error w.r.t. FF (dB)
	|Mean Error| (dB)
	Std. Dev (dB)

	CFFNF 
B&W Box
(r2=r1+1cm)
	0.26
	0.74
	0.89
	0.36
	0.15

	
	0.31
	0.40
	0.42
	0.18
	0.07

	
	0.36
	0.32
	0.29
	0.10
	0.05

	CFFNF 
B&W Box
(r2=r1+2cm)
	0.27
	0.73
	0.87
	0.36
	0.15

	
	0.32
	0.37
	0.39
	0.18
	0.07

	
	0.37
	0.28
	0.25
	0.10
	0.05

	CFFDNF 
B&W Box
	0.25
	2.15
	3.45
	1.98
	0.47

	
	0.30
	1.09
	2.00
	1.26
	0.24

	
	0.35
	0.63
	1.31
	0.89
	0.14

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



[bookmark: _Hlk80363093]Table 5.1.4.5-3: 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►►►►►
	Company A
	Company B
	Company B

	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
	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
	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


Table 5.1.4.5-4: 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
	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
	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
	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.



[bookmark: _Toc73660490]5.1.4.6	Simulation results for CFFNF (using Black-Box Approach)
In this clause, results for near-field and far-field simulations of Ny x Nz antenna arrays for the CFFNF methodology are presented based on the black-box approach, i.e., the location active antenna panel for the FF beam peak direction is unknown while only the FF BP direction is known. The simulation assumptions are, for the most part, the same as those in Table 5.1.4.3-1. 
All simulations are performed with an EM simulator, CST. The grid size used for the CST simulations had step sizes of 1o in  and . Given the previous observation regarding the need to offset the probe pattern, the simulations for CFFNF using black&white approach only focused on the feed probe pattern compensated. 
The angular widths of the cone needed for the local searches as a function of the range length is tabulated in Table 5.1.4.6-1.
Table 5.1.4.6-1: Local search cone angles for PC3 device with maximum offset of 12.5cm
	Range Length [cm]
	Single-Sided Cone Angle [deg]

	20
	38.7

	25
	30.0

	30
	24.6

	35
	20.9



Since the black-box approach utilizes/requires relatively wide area local searches at r = r1, e.g., the width of the sector is about ±40o for r1=20cm, with limited local searches at r2 and r3 as illustrated in Figure 5.1.4.2-2, the test time for the black-box approach is inherently longer than the black&white-box approach due to the 3 vs 2 radii and the need for local searches vs no local search requirements. On the other hand, this approach does not require the declaration of the active antenna array location. 
Suitable approaches to reduce the test time of these local searches include coarse and fine search approaches, e.g., Figures M.2.2-3 and M.2.2-4 of [6]. Alternatively, continuous non-demodulated EIRP measurements on sectors with fixed angular distance could be utilized to speed up the local searches, as illustrated in Figure 5.1.4.6-1 for BP directions near the poles. For this accelerated search approach, the positioner is moved continuously while the measurements are performed in close succession.

[image: ]
Figure 5.1.4.6-1: Stepped (left) vs continuous (right) search approach for EIRP for a FF BP near the pole.
Even for arbitrary FF BP directions not near the pole, a continuous scan over the sector, can be performed since the beam is locked with the UBF towards the FF beam peak direction. An illustration of this approach is in Figure 5.1.4.6-2.
[image: ]
Figure 5.1.4.6-2: Stepped (left) vs continuous (right) search approach for EIRP for an arbitrary FF BP direction.
As outlined in earlier, 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 ==1o, around 14k grid points for the initial NF local search at r=r1 would be required. Obviously, this is completely impractical due to the enormous test time requirements. The measurement uncertainties serving as the reference for investigations to follow, are shown in Table 5.1.4.6-2.
Table 5.1.4.6-2: 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 ==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




These CFFNF results are tabulated in Table 5.1.4.6-1 3 for 8x2 (PC3) and for 12x12 (PC1) and compared with the CFFDNF results (same as those in Table 5.1.4.4-8). These simulations assume that r2 is either r2=r1+1cm or r2=r1+2cm.
Table 5.1.4.6-13: Statistical results of 500 EIRP CFFNF & CFFDNF CST simulations based on black-box, black&white-box approach with random 8x2 and 12x12 antenna array offsets uniformly spaced within 12.5cm for 8x2 and within 10cm for 12x12 in a single hemisphere. The antenna array offsets and probe pattern were compensated.
	Antenna Configuration
	Method
	Range Length(m)
	|Mean Error| (dB)
	Std. Dev (dB)

	8x2
	CFFNF 
Black Box
	0.22
	0.090.13
	0.240.26

	
	
	0.27
	0.040.03
	0.090.11

	
	
	0.32
	0.000.03
	0.070.12

	
	CFFNF 
B&W Box
(r2=r1+1cm)
	0.21
	0.04
	0.04

	
	
	0.26
	0.03
	0.03

	
	
	0.31
	0.03
	0.03

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

	
	
	0.27
	0.03
	0.04

	
	
	0.32
	0.03
	0.04

	
	CFFDNF 
B&W Box
	0.20
	0.42
	0.19

	
	
	0.25
	0.22
	0.07

	
	
	0.30
	0.14
	0.04

	12x12
	CFFNF 
Black Box
	0.27
	0.29
	0.61

	
	
	0.32
	0.16
	0.53

	
	
	0.37
	0.17
	0.45

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

	
	
	0.31
	0.18
	0.07

	
	
	0.36
	0.10
	0.05

	
	CFFNF 
B&W Box
(r2=r1+2cm)
	0.27
	0.36
	0.15

	
	
	0.32
	0.18
	0.07

	
	
	0.37
	0.10
	0.05

	
	CFFDNF 
B&W Box
	0.25
	1.98
	0.47

	
	
	0.30
	1.26
	0.24

	
	
	0.35
	0.89
	0.14

	Note 1:	The range length for CFFNF with black&white-box approach is reported for radius r2>r1.
Note 2:	The range length for CFFNF with black-box approach is reported for radius r3>r2>r1 and r3=r2+1=r1+2cm.



For the CFFNF (black box) simulations shown in Table 5.1.4.6-13, the local searches were performed using a 1o step size in  and  to establish the reference MUs for the CFFNF methodology. This would obviously require an unreasonable number of test points/measurements, e.g., more than 4700 per radius for r1= 20cm. The results in Table 5.1.4.6-2 show how coarser local searches can reduce the local searches with only small increases in MU. The results with the angular step size of 5o clearly still shows good agreement with the FF results at very close range lengths without the need for the vendor declaration while significantly reducing the number of local search grid points.  
On top of the initial local search at r=r1, small local searches at r=r2 and r=r3 are required as outlined in Section 5.1.4.2, i.e., the total number of grid points could exceed the numbers listed in Table 5.1.4.6-2. 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 r1,coarse and r1,coarse and fine searches around potential NF beam peak candidates with r123,finer123,fine are then performed at r=r1, r=r2, and r=r3. The MUs for the optimized search procedures are shown in Table 5.1.4.6-4; clearly, the presented optimized search grids significantly reduce the total number of search grid points while maintaining MUs similar to the reference MUs, Table 5.1.4.6-2. 

Table 5.1.4.6-2: Statistical results of 500 EIRP CFFNF (black box) simulations with random 8x2 antenna array offsets uniformly spaced within 12.5cm in a single hemisphere. The antenna array offsets and probe pattern were compensated.
	Methodology
	Angular Step Size for Local Search [deg]
	Range Length [m]
	|Mean EIRP Error| w.r.t. FF [dB]
	Std. Dev of EIRP at NF BP [dB]

	CFFNF
(black-box)
	1
(r1, r2, and r3)
	0.22
	0.13
	0.26

	
	
	0.27
	0.03
	0.11

	
	
	0.32
	0.03
	0.12

	
	5
(r1, r2, and r3)
	0.22
	0.19
	0.39

	
	
	0.27
	0.07
	0.22

	
	
	0.32
	0.02
	0.19

	Note:	The range length for CFFNF with black-box approach is reported for radius r3>r2>r1 and r3=r2+1=r1+2cm.


Table 5.1.4.6-4: 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)
	r1,coarse @r1
[o]
	r1,coarse
@r1
[o]
	r123,fine=
r123,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
	



Constant step size measurement grids can leverage continuous scans to speed up the searches while 5o searches yield between 200-500 grid points for a ~±40o cone at r1=20cm. Leveraging coarse and fine search approaches, e.g., a coarse search grid of 10o (between 40-110 grid points for a ~±40o cone) over the entire cone with localized fine 5o searches could likely significantly drop the number of grid points for the NF BP search. The total number could be further reduced when utilizing constant density search grids instead of constant-step size grids. 
A hybrid CFFNF approach could be used which combines the advantages in terms of test time of the black&white-box approach without the need of a vendor declaration, i.e., black box. Instead of having to declare the phase centre offset, this offset is determined first using the CFFNF methodology based on black-box approach. Here, the following sample approach could be leveraged:
-	For low UL power test case #1
-	Apply the black-box CFFNF test methodology using FF probe
-	Use the FF probe to steer the antenna beam towards the known BP direction
-	Lock the beam using UBF
-	Switch operation to NF probe
-	Perform local searches around sectors centred around the FF peak at three different radii in the NF 
-	Determine FF EIRP 
-	Determine phase centre offset of the active antenna
-	For low UL power test cases ≥#2
-	Apply the black&white-box NF test approach using NF probe
-	Use the FF probe to steer the antenna beam towards the known BP direction
-	Lock the beam using UBF
-	Switch operation to NF probe
-	Perform EIRP measurements at two different radii in the NF BP direction
-	Determine EIRP
[bookmark: _Toc73660491]5.1.4.85.1.4.7	Simulation results for sensitivity of CFFNF to relative measurement uncertainties 
This clause provides simulation assumptions for how uncertainties of power measurements in the NF, p(di), affect the estimates for EIRP/EIS measurements based on the asymptotic expansion approach. As outlined in Figure 5.1.4-2, d is the distance between the NF measurement probe and the centre of the antenna array, while r is the range length defined as the distance between the centre of QZ and the NF measurement probe. 
The asymptotic expansion approach expression for the normalized power as a function of d is assumed as follows

and is illustrated for two cases, i.e., d1 & d2 maximized and minimized, in Figure 5.1.4.85.1.4.7-1. For the simulations in this clause, it is assumed that r2 = r1 + 2cm.
[image: ]
Figure 5.1.4.85.1.4.7-1: Illustration of the asymptotic expansion approach using two radii approach with the antenna array located closer to the NF probe on the left than on the right. 
Power measurement uncertainties, ui, on the NF measurements p(di) can have an effect on the resulting estimate of the estimated FF EIRP/EIS due to the asymptotic expansion transformation. This effect is illustrated schematically in Figure 5.1.4.85.1.4.7-2.
[image: ]
Figure 5.1.4.85.1.4.7-2: Illustration of the effect of power measurement uncertainties ui applied to NF measurements p(di) on the estimated FF EIRP/EIS. 
For these simulations, ui is assumed to be a Gaussian distribution with std. deviation of  varying from 0 to 0.4dB. It should be noted that the test equipment uncertainties, e.g., Uncertainty of the RF power measurement equipment (B.2.1.6 of [7]) or gNB emulator uncertainty (B.2.1.17 of [7]), are not applicable in full here since the measurements at r1 and r2 are performed with the same equipment in close succession. Instead, the relative power measurement MU apply here. 
In these simulations, it is furthermore assumed that N=30 averages are taken for each power measurement p(di).
For fixed offsets, the effect of ui with fixed standard deviations are shown in Table 5.1.4.85.1.4.7-1for the two extreme cases with dCFFNF,min=7.5cm and dCFFNF,max=20cm, visualized schematically in Figure 5.1.4.85.1.4.7-1. For each offset, 100K random Gaussian distributions for ui with fixed standard deviations (ranging from 0 to 0.4dB) were simulated to get obtain the mean errors with respect to the FF EIRP and the standard deviation. 
Table 5.1.4.85.1.4.7-1: Impact of power measurement uncertainty ui applied to p(d) measurements on FF EIRP for fixed offsets.
	Std. Deviation of ui (dB)
	dCFFNF,min=7.5cm & dCFFNF,min+2cm=9.5cm
	dCFFNF,max=20cm & dCFFMF,max+2cm=22cm

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

	0
	0.09
	0
	0.01
	0

	0.1
	0.09
	0.05
	0.01
	0.14

	0.2
	0.09
	0.11
	0.02
	0.31

	0.3
	0.10
	0.19
	0.04
	0.52

	0.4
	0.12
	0.27
	0.07
	0.77



In order to obtain an overall estimate of the MUs, 1000 random offsets from Company A (500 random offsets from Company B) were evaluated. For each of the 1000 (500) random offsets, 100K random Gaussian distributions (100) for ui with fixed standard deviations were simulated to get obtain the mean errors and standard deviation for the FF EIRP; these results are tabulated in Table 5.1.4.85.1.4.7-2. 
Table 5.1.4.85.1.4.7-2: Impact of measurement uncertainty ui applied to p(d) measurements on FF EIRP with random offsets
	Std. Deviation of ui (dB)
	Company A
(N=30)Company A
(N=30)
	Company B
(N=1)
	Company B
(N=30)
	Company A
(N=1)
	Company A
(N=30)

	
	|Mean Error of FF EIRP Error| (dB)
	Std. Dev.iation of FF EIRP Error (dB)
	|Mean Error of FF EIRP Error| (dB)
	Std. Dev.iation of FF EIRP Error (dB)
	|Mean Error of FF EIRP Error| (dB)
	Std. Dev.iation 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: _Hlk72662354]0
	0.04
	0.0
	
	
	
	
	
	
	
	

	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
	0.730
	0.039
	0.152
	0.53
	3.13
	0.06
	0.37

	0.4
	0.06
	0.40
	
	
	
	
	0.43
	3.65
	0.16
	0.44

	0.5
	
	
	0.136
	1.347
	0.035
	0.229
	
	
	
	



[bookmark: _Toc73660492]5.1.4.95.1.4.8	Simulation results for Influence of Noise 
This clause provides influence of noise simulation assumptions and results for IFF/DFF, CFFDNF, and CFFNF methodologies. 
The influence of noise quantifies the effect of a SNR at the TE input on EIRP measurements as outlined in [7].
	B.2.1.27	Influence of noise
This contributor describes an offset uncertainty factor caused by a noise floor especially in a case of low SNR. This contributor works as a bias to measured results only to a direction to increase values and thus this shall be included in the uncertainty budget table as a systematic uncertainty. The uncertainty value can be derived by the following equation.




For low UL power test cases, the ~1m path losses due to range length (DFF) or focal distance (IFF) yield very poor SNR conditions at the TE input. Assuming a fixed noise level at the TE input, a reduction in measurement distance/range loss will significantly improve the SNR conditions for CFFDNF and CFFNF when compared to DFF/IFF as illustrated in Figure 5.1.4.95.1.4.8-1.
[image: ]
Figure 5.1.4.95.1.4.8-1: SNR Conditions for different test methodologies

The analyses in this clause are focused on the following PC3 assumption: 
-	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=32cm35cm, the min (max) distance between the probe and the antenna array is dCFFDNF,min = rCFFDNF-12.5cm=19.522.5cm (dCFFDNF,max = rCFFDNF=352cm). 
-	For the DFF/IFF calculations, we considered a rDFF/IFF=1m range length for simplicity. 
The improvements in SNR for CFFNF and CFFDNF compared to DFF/IFF are tabulated in Table 5.1.4.95.1.4.8-1.
Table 5.1.4.95.1.4.8-1: SNR Improvement due to reduced measurement distance w.r.t. 1m DFF/IFF FSPL with fixed noise at TE Input
	Methodology ►►
	DFF/IFF
	CFFDNF
	CFFNF

	▼f [GHz]▼
	@100cm
	@35cm@32cm
	@22.5cm@19.5cm
	@20cm
	@7.5cm

	24
	0.0
	9.19.9
	13.014.2
	14.0
	22.5

	30
	0.0
	9.19.9
	13.014.2
	14.0
	22.5

	35
	0.0
	9.19.9
	13.014.2
	14.0
	22.5

	40
	0.0
	9.19.9
	13.014.2
	14.0
	22.5

	45
	0.0
	9.19.9
	13.014.2
	14.0
	22.5

	50
	0.0
	9.19.9
	13.014.2
	14.0
	22.5



In our influence of noise calculations, we assumed a range of SNR values for the DFF/IFF methodology at the TE input and scaled the effective SNR at the TE input for the CFFDNF/CFFNF analyses as shown in Table 5.1.4.95.1.4.8-2 based on the FSPL/SNR improvements in Table 5.1.4.95.1.4.8-1. 
Table 5.1.4.95.1.4.8-2: Effective SNRs at the TE Input based on assumed SNR at the TE input for DFF/IFF
	Methodology ►►
	DFF/IFF
	CFFDNF
	CFFNF

	▼DFF/IFF SNR [dB] ▼
	@100cm
	@35cm@32cm
	@22.5cm@19.5cm
	@20cm
	@7.5cm

	-15
	-15.0
	-5.9-5.1
	-2.0-0.8
	-1.0
	7.5

	-10
	-10.0
	-0.9-0.1
	3.04.2
	4.0
	12.5

	-5
	-5.0
	4.14.9
	8.09.2
	9.0
	17.5

	0
	0.0
	9.19.9
	13.014.2
	14.0
	22.5

	5
	5.0
	14.114.9
	18.019.2
	19.0
	27.5

	10
	10.0
	19.119.9
	23.024.2
	24.0
	32.5

	15
	15.0
	24.124.9
	28.029.2
	29.0
	37.5



The analyses of the difference in EIRP when compared to the FF EIRP due to noise were based on 10k different AWGN simulations and N=30 averages were taken for each EIRP analysed. In each of the 10k AWGN simulations, a signal is generated first with 1000 samples, subsequently AWGN with specified SNR on the signal is applied, and in the end power of signal + AWGN was measured. These simulated results, labelled ‘|Mean Err to FF Reference|’ in the following tables are then compared with the calculations using the analytical  equation and labelled ‘Influence of Noise’ in the following tables: for rDFF/IFF, dCFFDNF,min, and dCFFNF,min in Table 5.1.4.95.1.4.8-3 and for rDFF/IFF, dCFFDNF,max, and dCFFNF,max in Table 5.1.4.95.1.4.8-4. In these simulations, it was assumed that r2 = r1 + 2cm.
Table 5.1.4.95.1.4.8-3: Influence of Noise Simulations and Calculations for DFF/IFF, CFFDNF, CFFNF based on shortest measurement distance dmin
	DFF/IFF
	CFFDNF
	CFFNF

	rDFF/IFF=100cm
	dCFFDNF,min=1922.5cm
	(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
	-2.0-0.8
	4.05.8
	4.23.4
	7.5
	5.4
	1.44
	1.1

	-10.00
	10.4
	10.4
	3.04.2
	1.62.7
	1.81.4
	12.5
	10.4
	0.45
	0.4

	-5.00
	6.2
	6.2
	8.09.2
	0.51.0
	0.60.5
	17.5
	15.4
	0.09
	0.1

	0.00
	3.0
	3.0
	1114.2
	0.10.3
	0.20.2
	22.5
	20.4
	0.04
	0.0

	5.00
	1.2
	1.2
	1719.2
	0.10.0
	0.10.1
	27.5
	25.4
	0.07
	0.0

	10.00
	0.4
	0.4
	2324.2
	0.10.0
	0.00.0
	32.5
	30.4
	0.09
	0.0

	15.00
	0.1
	0.1
	2829.2
	0.10.1
	0.00.0
	37.5
	35.4
	0.09
	0.0



Table 5.1.4.95.1.4.8-4: Influence of Noise Simulations and Calculations for DFF/IFF, CFFDNF, CFFNF based on largest measurement distance dmax
	DFF/IFF
	CFFDNF
	CFFNF

	rDFF/IFF=100cm
	dCFFDNF,max=32cm35cm
	(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
	-5.9-5.1
	6.85.8
	6.96.3
	-1.0
	-1.8
	5.7
	4.0

	-10.00
	10.4
	10.4
	-0.9-0.1
	3.42.7
	3.53.1
	4.0
	3.2
	2.7
	1.7

	-5.00
	6.2
	6.2
	4.14.9
	1.41.0
	1.41.2
	9.0
	8.2
	1.0
	0.6

	0.00
	3.0
	3.0
	9.19.9
	0.40.3
	0.50.4
	14.0
	13.2
	0.4
	0.2

	5.00
	1.2
	1.2
	14.114.9
	0.10.0
	0.20.1
	19.0
	18.2
	0.1
	0.1

	10.00
	0.4
	0.4
	19.119.9
	0.00.0
	0.10.0
	24.0
	23.2
	0.0
	0.0

	15.00
	0.1
	0.1
	24.124.9
	0.10.1
	0.00.0
	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 5.1.4.8-5 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 5.1.4.8-6. 
[bookmark: _Ref78800404][bookmark: _Ref78916105]Table 5.1.4.8-5: 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











Table 5.1.4.8-6: 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. 
	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



While these results compare the simulated Influence of Noise, i.e., Mean Err to FF Reference, for the different methodologies at fixed DFF/IFF SNRs based on a 1m free-space path loss, it should be pointed out that for the same SNR at rCFFDNF, the CFFDNF Influence of Noise is lower than the CFFNF Influence of Noise for the same SNR at r2,CFFNF < rCFFDNF.
[bookmark: _Toc73660493]5.1.4.105.1.4.9	Simulation Results for offset error MU
The analyses in this clause are to determine the uncertainties on EIRP/EIS when the antenna offset is declared incorrectly, i.e., when the actual antenna offset deviates from the declared antenna offset. These analyses are based on differences in path losses between the declared and the actual offsets and the difference in compensated probe gains. Here, the following assumptions were made:
-	1000 random offsets (xoffset, yoffset, zoffset), illustrated with red dots in Figure 5.1.4.105.1.4.9-1, were simulated and each offset was considered the actual offset of the antenna array. 
-	For each random offset, 1000 random declaration errors (xerror, yerror, zerror), illustrated with blue dots in Figure 5.1.4.105.1.4.9-1, were generated with a fixed radius from the actual offset
-	For each actual offset and for each of the declared offsets, the device orientation was calculated so that the NF probe is placed in the actual/declared NF beam peak direction
-	For each actual offset and for each of the declared offsets, the corresponding path losses between the (actual/declared) antenna offsets and the probe were determined
-	For each actual offset and for each of the declared offsets, the corresponding probe antenna gains were determined in the respective NF beam peak directions.

[image: ][image: ]
Figure 5.1.4.105.1.4.9-1: Illustration of simulation assumptions. The 1000 random offsets considered the actual antenna offsets shown on the left; 1000 random errors around each offset shown on the right.
The results for this analysis are tabulated in Table 5.1.4.105.1.4.9-1. Similar analyses from another company are included in Table 5.1.4.105.1.4.9-1 focusing only on the uncertainties based on the effect of the antenna offset error on the pathloss, i.e., without the probe antenna gain impact. 
Table 5.1.4.105.1.4.9-1: Statistical results of 1M EIRP CFFDNF simulations to determine the effect of offset declaration error on EIRP/EIS
	Error in declared offset [cm]
	Range Length [m]
	Company A
	Company B

	
	
	Std. Dev of EIRP [dB]
	Mean EIRP error
[dB]
	Std. Dev of EIRP [dB]

	0.1
	0.4
	
	0.056
	0.019

	0.5
	0.2
	0.17
	
	

	
	0.25
	0.12
	
	

	
	0.3
	0.10
	
	

	
	0.35
	0.08
	
	

	
	0.4
	0.07
	0.074
	0.087

	
	0.45
	0.06
	
	

	
	1
	0.03
	
	

	
	20
	0.00
	
	

	1
	0.2
	0.35
	
	

	
	0.25
	0.24
	
	

	
	0.3
	0.19
	
	

	
	0.35
	0.16
	
	

	
	0.4
	0.14
	0.129
	0.221

	
	0.45
	0.12
	
	

	
	1
	0.05
	
	

	
	20
	0.00
	
	

	2
	0.2
	0.71
	
	

	
	0.25
	0.49
	
	

	
	0.3
	0.38
	
	

	
	0.35
	0.32
	
	

	
	0.4
	0.28
	
	

	
	0.45
	0.24
	
	

	
	1
	0.10
	
	

	
	20
	0.01
	
	



[bookmark: _Toc73660494]5.1.5	Applicability of NF methodologies
Here, the applicability of the NF methodologies considered, i.e., direct Near Field (DNF), Combined Far-Field/Direct Near Field (CFFDNF), and Combined Far-Field/Near Field (CFFNF), are further analysed.
The CFFNF with transform (e.g. asymptotic expansion transform) has the following applicability:
-	Beam peak searches and spherical coverage test cases are performed with black box approach using the FF probe. Performing these tests with the NF measurement probe would require the extensive black&white-box approach which is not deemed a feasible enhancement of the methodology.
-	The low UL power/high DL power EIRP/EIS test cases in known FF BP direction are applicable to the black-box approach using transform techniques:
-	Three radii approach (i.e.  local search on radius r1 and very localized searches at r2 and r3) can be used. 
-	EIRP/EIS can be approximated very accurately with the NF probe at very close distances with optimized improvements in relaxations
·  (~22cm for PC3 with ~0.3dB standard deviation and ~0.1dB mean error (systematic uncertainty), FFS 
· 32cm for PC1 with ~0.6dB standard deviation and ~0.3dB mean error (systematic uncertainty) with optimized improvements in relaxations.
-	The unknown antenna location can be estimated accurately which allows very accurate TRP measurements at very close distances with large improvement in relaxations and no additional MU (mean error and standard deviation).
-	an MU element related to estimated DUT antenna offset error is required
-	an MU element related to the sensitivity of the asymptotic expansion approach to relative measurement uncertainty is required
-	the Influence of Noise MU element needs to be revised for the asymptotic expansion approach
-	EIRP/EIS based test cases require the compensation of the path loss (with respect to the active antenna array) and the compensation of the probe antenna pattern
-	The low UL power/high DL power EIRP/EIS test cases in known FF BP direction are applicable to the black&white-box approach.
-	Two radii approach without local searches can be used. 
-	EIRP/EIS can be approximated very accurately with the NF probe at very close distances (~21cm for PC3, ~31cm for PC1) with optimized improvements in relaxations: .
· 22cm for PC3 with no additional MU (mean error and standard deviation).
· 32cm for PC1 with~0.1dB mean error (systematic uncertainty).
-	an MU element related to declared DUT antenna offset error is required
-	an MU element related to the relative measurement uncertainty on the asymptotic expansion approach is required
-	the Influence of Noise MU element needs to be revised for the asymptotic expansion approach
-	EIRP/EIS based test cases require the compensation of the path loss (with respect to the active antenna array) and the compensation of the probe antenna pattern
-	The low UL power TRP test cases are not applicable to transform approach (CFFNF) since that approach would be test time prohibitive. However, the known offset (empirical evaluation with black box approach or declared with black&white-box approach) can be compensated using CFFDNF approach to obtain very accurate TRP results at very close distances. 
The CFFDNF has the following applicability:
-	Beam peak searches and spherical coverage test cases are performed with black box approach using the FF probe. Performing these tests with the NF measurement probe would require the extensive black&white-box approach which is not deemed a feasible enhancement of the methodology.
-	The low UL power/high DL power EIRP/EIS test cases in the known FF BP direction are applicable to the black&white-box approach.
-	A local search to determine the NF test direction and/or optimize EIRP/EIS is not required. 
-	EIRP/EIS can be approximated very accurately in the NF , i.e., at 
- 35cm for PC3 with an additional 0.1dB mean error (systematic error) no additional MU due to reduced range length is required (
- 45 cm for PC1 with an additional 0.5dB mean error (systematic error) due to reduced range lengthmin range length for PC1 is FFS). 
-	For PC3, TRP test cases 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
-	range lengths exceeding 25cm if the path loss correction is applied for measurement grids with step size of at most 10o
- 	non-uniform measurement grid can be utilized if the path loss correction is applied for measurement grids to further reduce the number of grid points without any additional measurement uncertainty, i.e., using a constant step size grid of ==5o within a ±30o cone centred around the NF beam peak and a constant step size grid of ==15o outside that cone.
-	for range lengths exceeding 40cm if the path loss correction is not applied for measurement grids with step size of at most 10o

-	For PC1, TRP test cases 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
- 	non-uniform measurement grid can be utilized if the path loss correction is applied for measurement grids to further reduce the number of grid points without any additional measurement uncertainty, i.e., using a constant step size grid of ==2.5o within a ±20o cone centred around the NF beam peak and a constant step size grid of ==10o outside that cone.

-	for range lengths exceeding 35cm if the path loss correction is not applied for measurement grids with step size of at most 5o

-	EIRP/EIS based test cases require the compensation of the path loss (with respect to the active antenna array) and the compensation of the probe antenna pattern
-	an MU element related to declared DUT antenna offset error is required
DNF has the following applicability:
-	Beam peak searches and spherical coverage test cases are not applicable for the black-box approach. An  extensive black&white-box approach would be required to perform these tests with the NF measurement probe. Given the complexities of the extensive black&white-box approach, DNF is not deemed a feasible enhancement of the methodology for conformance testing but it might be suitable during UE development phase.
-	The low UL power/high DL power EIRP/EIS test cases in the known FF BP direction are not applicable to the black box approach.
-	The applicability of the low UL power/high DL power EIRP/TRP/EIS test cases in the known BP direction and with the black&white-box approach is FFS.
The assumption for this “black & white box” testing approach is that the antenna phase centre offset for the antenna panel that corresponds to the FF beam peak is known and declared, i.e., following the “white box” approach discussed earlier. On the other hand, however, it is assumed that the geometric centre of the DUT is aligned with the centre of the QZ, i.e., following the “black box” approach. This approach would have the same advantages as the “black box” approach over the “white box” approach in terms of complexity, test time, MU, and improvements of the relaxations and is summarized in Table 5.1.5-1 below.
Table 5.1.5-1: Comparison between the “black box” and “black & white box” approaches
	Approach
	Knowledge of FF BP Direction (from Meas.)
	Declaration of Antenna Phase Centre Offset of Antenna yielding BP
	Need for FF probes and UBF
	Need for local searches around NF BP
	Meas. at different Radii
	Test Time Impact
	Estimated maximum Improvement of Relaxation (NOTE 1)

	CFFNF for EIRP/EIS using Black Box
	Yes
	No
	Yes
	Yes
	Yes (x3)
	Medium (local searches & 3 different radii)
	~14dB (for 20cm range length).

	CFFNF for EIRP/EIS using Black & White Box
	Yes
	Yes
	Yes
	No
	Yes (x2)
	Low (2 different radii in fixed NF BP Direction)
	~14dB (for 20cm range length)

	CFFDNF for TRP using Black Box 
	Yes
	YesNo
	Yes
	No
	No
	None
	Without offset correction: ~10dB (for 32cm range length)

	CFFDNF for TRP using Black &White Box
	Yes
	Yes
	Yes
	No
	No
	None
	With offset correction: ~14dB (for 20cm range length)

	CFFDNF for EIRP/EIS using Black &White Box
	Yes
	Yes
	Yes
	FFS
	No
	Depends on local search
	With pathloss correction: ~9dB (for 35cm range length) 

	NOTE 1:	Improvement of relaxation is only considering Free Space Path Loss



[bookmark: _Toc73660495]5.1.6	Improvement of permitted methods
Tables 5.1.6-1 and 5.1.6-2 below provide a preliminary list of potential improvement of permitted methods based on the analysis provided by one company and are applicable to the frequency range of 24.25 – 43.5 GHz.
Table 5.1.6-1: Summary of potential improvement of permitted methods by Tx test case (24.25 – 43.5 GHz)
	Clause
	Requirement
	Testability issue
	Test Metric
	Regulatory related
	TS 38.521-2 Test Requirements
	Potential improvement

	6.3.1
	Minimum output power
	Low UL power
	EIRP (Link=TX beam peak direction, Meas=Link angle).
	No
	No relaxation for PC1. For other power classes, relaxation varies from 0dB to 13.5dB depending on the operating band and channel bandwidth.
	~ 10dB for FR2a and FR2b

FR2a requirements testable without relaxationsImprovements remove required relaxations from TC

	6.3.2
	Transmit OFF power
	Low UL power
	TRP (Link=TX beam peak direction, Meas=TRP grid)
	Yes
	Relaxations for n257: 21.4dB @ 50MHz, 24.4dB @ 100MHz, 27.4dB @ 200MHz and 30.4dB @ 400MHz.

Relaxations for n258 and n261: [21.4]dB @ 50MHz, [24.4]dB @ 100MHz, [27.4]dB @ 200MHz and [30.4]dB @ 400MHz.

Relaxations for n260: [24.1]dB @ 50MHz, [27.1]dB @ 100MHz, [30.1]dB @ 200MHz and [33.1]dB @ 400MHz.
	~ 10dB for FR2a and FR2b


	6.5.1
	Occupied bandwidth
	Low UL power
	OBW (Link=TX beam peak direction, Meas=Link angle)
	Yes
	No relaxations for FR2a and FR2bTBD
	N/A for FR2a and FR2bTBD

	6.5.2.3
	Adjacent channel leakage ratio
	Low UL power
	TRP (Link=TX beam peak direction, Meas=TRP grid).
	Yes
	Relaxation for n257, n258 and n261: 0dB, except for 200Mhz (0.51.5dB in one two test IDs) and 400MHz (between 1.50 and 3.55.5dB)
	Improvements remove required relaxations from TC

TC coverage is extended for FR2b

	6.5.3.2
	Additional spurious emissions
	Low UL power
	TRP (Link=TX beam peak direction, Meas=TRP grid).
	Yes
	Between 3.30.3dB and 6dB 13dB relaxation depending on the combination of NR Band and Protected band.
	TBD



Table 5.1.6-2: Summary of potential improvement of permitted methods by Rx test case (24.25 – 43.5 GHz)
	Clause
	Requirement
	Testability issue
	Test Metric
	Regulatory related
	TS 38.521-2 Test Requirements
	Potential improvement

	7.4
	Maximum input power
	High DL power
	EIS (Link=RX beam peak direction, Meas=Link angle).
	No
	26dB relaxation for 24.25 ~ 29.5 GHz and 34 dB relaxation for 37 ~ 40 GHz with respect to minimun requirements.
	~ 6dB 12dB for FR2a
~10dB 16dB for FR2b

	7.5
	Adjacent channel selectivity (case 1)
	High DL power
	EIS (Link=RX beam peak direction, Meas=Link angle)
	Yes
	50MHz: 1.8dB relaxation for power in transmission BW and interferer for band n260.

100MHz: 4.8dB relaxation for power in transmission BW and interferer for band n260.

200MHz and 400MHz are deemed not testable.
	Similar improvements as for TC 7.4

Single carrier bandwidth could be testable 400 MHz, without relaxations up to 200 MHz Improvements remove required relaxations from TC

	7.5
	Adjacent channel selectivity (case 2)
	High DL power
	EIS (Link=RX beam peak direction, Meas=Link angle)
	No
	Decision not test ACS case 2.
	Interferer need ~ 15-22dB relaxation-

	7.6.2
	In-band blocking
	High DL power
	EIS (Link=RX beam peak direction, Meas=Link angle)
	Yes
	50MHz: 1.8dB relaxation for power in transmission BW and interferer for band n260.

100MHz: 4.8dB relaxation for power in transmission BW and interferer for band n260.

200MHz and 400MHz are deemed not testable.
	Similar improvements as for TC 7.4

Improvements remove required relaxations from TCSingle carrier bandwidth could be testable 400 MHz, without relaxations up to 200 MHz

	7.9
	Receiver spurious emissions
	Low UL power
	TRP (Link=TX beam peak direction, Meas=TRP grid).
	Yes
	Relaxations for n257, n258, n260 and n261: 10.2dB between 6-20GHz, 17.2dB between 20-40GHz and 33.1dB between 40GHz and the 2nd harmonic.

Relaxations for other bands are still TBD.
	TBD



For a given test case, NF based solutions should only be considered if the improvement for current methods is not enough to remove the relaxations determined by RAN5.
<<< Skip unchanged sections >>>
<<< END OF CHANGES >>>
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