


3GPP TSG-RAN WG4 Meeting #99-e	R4-2111065
Electronic Meeting, 19th – 27th May, 2021
Source:		Rohde & Schwarz
Title:	Analysis of NF based solutions
Agenda Item:		10.1.2
Document for:	Approval
Introduction
According to the SID [1] the first objective is to improve the test methodology for high DL and low UL power test cases based on the feedback RAN5 provided in [2] declaring testability issues on some of the core requirements in TS 38.101-2 [3].
In this contribution we present our views and proposal for this first objective. 
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]CFFNF based on asymptotic expansion
During past few meetings, Near Field systems based on asymptotic expansion approach using a rate-of-decay estimation has been presented in [4][5][6]. Although the detailed implementation is still not fixed, we have tried our own implementation with the available information in order to analyze the proposed methodology.
[bookmark: _Ref71650880]Formulation of CFFNF based on asymptotic expansion
During last meeting, [4] proposed a revised formulation for the asymptotic expansion approach:
  The estimate of the EIRP based on NF measurements can be expressed as follows

with


where EIRP(df) is the estimated EIRP in the far-field at range length r and df is the distance between the phase centre of the antenna array and the far-field BP at range length r 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.
In [9], an initial approximation of power to distance ∂p/∂d was presented

Following the implementation of the CFFNF simulations and an in-depth analysis of the derivative of the superposition expression above, a more suitable approximation of power to distance ∂p/∂d was determined to be


Using this formulation based on  , a set of simulations following the assumptions presented in section 3, including Black&White box approach, were performed in order to validate the implementation.
[bookmark: _Ref71648904]Table 2‑1: Statistical results for CFFNF based on black&white box approach.
	UE Antenna Array Configuration
	Range Length
[m]
	Mean EIRP error 
[dB]
	EIRP Std. Deviation 
[dB]

	4x1
	0.20 and 0.21
	0.005
	0.005

	8x2
	0.20 and 0.21
	0.062
	0.030

	
	0.25 and 0.26
	0.027
	0.014



Comparing the results in Table 2‑1 to those presented in [4], they show good correlation although the constant  had to be set to 0. Otherwise, inconsistent results were observed. 
[bookmark: _Toc70514559][bookmark: _Toc70514608][bookmark: _Toc70514632][bookmark: _Toc71284587][bookmark: _Toc71284671][bookmark: _Toc71289042][bookmark: _Toc71295958][bookmark: _Toc71298595][bookmark: _Toc71299064][bookmark: _Toc71355542][bookmark: _Toc71356403][bookmark: _Toc71650212][bookmark: _Toc71650281][bookmark: _Toc71650284][bookmark: _Toc71650348][bookmark: _Toc71650487][bookmark: _Toc71650639][bookmark: _Toc71651539][bookmark: _Toc71652393][bookmark: _Toc71652621][bookmark: _Toc71652624][bookmark: _Toc71652805][bookmark: _Toc71653027][bookmark: _Toc71668162]Observation 1: inconsistent results are observed for asymptotic expansion approach when .
[bookmark: _Toc71284697][bookmark: _Toc71289050][bookmark: _Toc71295966][bookmark: _Toc71297601][bookmark: _Toc71299073][bookmark: _Toc71299175][bookmark: _Toc71355551][bookmark: _Toc71356412][bookmark: _Toc71651552][bookmark: _Toc71652396][bookmark: _Toc71652631][bookmark: _Toc71652808][bookmark: _Toc71653030][bookmark: _Toc71668165]Proposal 1: a clear and detailed formulation of the CFFNF methodology based on the asymptotic expansion must be provided.
Sensitivity of the expansion to SNR and measurement error
As presented in [12], extrapolation techniques like the asymptotic expansion approach are very much sensitive to measurement errors and noise effects. In order to assess these effect, two sets of simulations were performed using the implementation described in 2.1 and the corresponding assumptions in section 3.
Unfortunately, the complete set of simulations did not finish before the submission deadline and they will be shared in a revised (late) contribution for this meeting.
[bookmark: _Ref71648279]CFFDNF based solutions 
Following the discussion in previous meetings, the applicability for CFFDNF was defined in [8] as follows: 
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.
-	Whether a local search to determine the NF test direction and/or optimize EIRP/EIS is FFS. 
-	EIRP/EIS can be approximated in the NF (min. range lengths for PC1 and PC3 are FFS) 
-	TRP test cases at very close distances require offset compensation while range lengths beyond 32cm for PC3 do not necessarily require offset compensations. At those range lengths, the relaxations are minimized by up to 10dB. 

[bookmark: _Ref68012746][bookmark: _Ref68303371]In order to clarify the applicability for EIRP/EIS measurements and corresponding minimum range length, an extensive simulation campaign using Matlab was defined following the assumptions presented in Table 3‑1.



[bookmark: _Ref71652709][bookmark: _Ref71652706]Table 3‑1: Simulation assumptions for CFF(D)NF
	Parameter
	Value(s) / Assumptions
	Notes

	Methodology
	CFFDNF with black&white box approach
	Phase centre of active antenna yielding Far Field Beam Peak direction is known

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

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

	HPBW of Individual Array Element
	90o/90o
	as suggested in [9]

	Offsets of Active Array Panel
	PC3 (8x2 and 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)
	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
	-

	Probe antenna pattern/gain compensation
	With compensation (uniform pattern assumed in simulations)
	A wider beamwidth probe might be considered.

	Tool Used for Simulations
	Matlab, using the superposition approach outlined in [4]
	CST was used to generate the realistic single element pattern as provided in the Appendix.

	Range Lengths
	20cm, 25cm, 30cm, 35cm, 40cm, 45cm, 20m
	-

	Frequency
	28GHz 
	-




For completeness, the figures of the single element antenna model used for the simulations and the reference radiation patterns are provided in the Appendix to this contribution.

The following figures show the histograms of the respective offsets in x, y, and z for the 500 simulations.

[image: ]		[image: ]
(a)						(b)
Figure 3‑1: Distribution of 500 random offsets within 12.5cm in a single hemisphere for 8x2 array (a) Histogram of the offsets in x, y, and z; (b) 3D distribution of offsets

The results for are presented in Table 3‑2:
[bookmark: _Ref71650188]Table 3‑2: CFFDNF impact of range length on EIRP measurements (with offset correction).
	UE Antenna Array Configuration
	Range Length
[m]
	Mean EIRP error 
[dB]
	EIRP Std. Deviation 
[dB]

	4x2
	0.20
	0.034
	0.015

	
	0.25
	0.016
	0.005

	
	0.30
	0.010
	0.002

	
	0.35
	0.006
	0.003

	
	0.40
	0.003
	0.001

	
	0.45
	0.002
	0.000

	
	20
	0.000
	0.000

	8x2
	0.20
	0.391
	0.174

	
	0.25
	0.188
	0.058

	
	0.30
	0.113
	0.026

	
	0.35
	0.075
	0.016

	
	0.40
	0.054
	0.008

	
	0.45
	0.041
	0.006

	
	20
	0.000
	0.000

	12x12
	0.20
	2.697
	0.832

	
	0.25
	1.450
	0.333

	
	0.30
	0.913
	0.166

	
	0.35
	0.627
	0.097

	
	0.40
	0.460
	0.061

	
	0.45
	0.351
	0.040

	
	20
	0.000
	0.000



[bookmark: _Toc71650214][bookmark: _Toc71650283][bookmark: _Toc71650286][bookmark: _Toc71650349][bookmark: _Toc71650488][bookmark: _Toc71650640][bookmark: _Toc71651540][bookmark: _Toc71652394][bookmark: _Toc71652622][bookmark: _Toc71652625][bookmark: _Toc71652806][bookmark: _Toc71653028][bookmark: _Toc71668163]Observation 2: preliminary assessment results for EIRP measurement error in [7] are consistent with the results in Table 3‑2.

Impact of NF probe on DUT antenna
Depending on the test distance and type of DUT antenna, the coupling between them might change the Tx/Rx characteristics of the DUT. This effect can be analyzed by effects on the S11 seen from the DUT antenna when test probe is placed at different distances.
A set of simulations using CST 3D EM simulator were performed in order to analyze this effect using an FR2 in-band corrugated horn antenna as near field probe and a 8x2 array as UE antenna. 
[image: ]
Figure 4‑1: antenna NF coupling diagram between an FR2 corrugated horn and an 8x2 UE antenna array
[image: ]
[bookmark: _Ref71651759]Figure 4‑2: 8x2 UE antenna array S11 coupling effect variation over distance
The plot shown in Figure 4‑2 present the variation of the S11 seen at the input port of the UE antenna array when the NF probe is placed at different distances, but always in the axis where the UE antenna main beam is created.
The concrete minimum range length (i.e. distance from probe antenna to center of the QZ) proposed so far for CFFNF and CFFDNF, 20cm and 32cm respectively, correspond to an actual worst case minimum distance of 7.5cm and 19.5cm (i.e. range length - maximum displacement from center of QZ). 
Looking at the data presented in Figure 4‑2, CFFNF with 20cm range length corresponds to a 0.5dB worst case S11 degradation at the input port of the UE antenna, while CFFDNF with 32cm range length introduces no degradation.
[bookmark: _Toc71652395][bookmark: _Toc71652623][bookmark: _Toc71652626][bookmark: _Toc71652807][bookmark: _Toc71653029][bookmark: _Toc71668164]Observation 3: CFFNF with 20cm range length corresponds to a 0.5dB worst case S11 degradation at the input port of the UE antenna, while CFFDNF with 32cm range length introduces no degradation.
It has to be noted that simulation results are a best case since the scattering around the UE and NF probe antennas are not considered. Therefore, real effect is expected to be worse. 
[bookmark: _Ref473660868][bookmark: _Ref473660708][bookmark: OLE_LINK6][bookmark: OLE_LINK7]Conclusion
In this contribution we make the following observations and proposals:
Observation 1: inconsistent results are observed for asymptotic expansion approach when .
Observation 2: preliminary assessment results for EIRP measurement error in [7] are consistent with the results in Table 3‑2.
Observation 3: CFFNF with 20cm range length corresponds to a 0.5dB worst case S11 degradation at the input port of the UE antenna, while CFFDNF with 32cm range length introduces no degradation.

[bookmark: _GoBack]Proposal 1: a clear and detailed formulation of the CFFNF methodology based on the asymptotic expansion must be provided.
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Appendix – Informative figures
Table 7‑1: Single element antenna model
	Antenna model
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	3D radiation pattern
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	E-plane cut
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	H-plane cut
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