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Introduction
This contribution provides a high-level overview of the NF test methodologies identified by RAN4 for low UL/high DL power test cases [1].
Background
[bookmark: _Ref31104997]In mid-2019, RAN5 informed RAN Plenary and regulatory bodies of FR2 UL and DL test cases, including regulatory test cases, that were either not testable or required significant relaxations [2]. Shortly thereafter, a new Study Item [3] was created in RAN4 to investigate test methodologies for those identified low-UL/high-DL power test cases. Between RAN4#93 (November 2019) and RAN4#101-e (November 2021), very technical discussions on various NF test methodologies were held and captured in [1], specifically Clauses 5.1 and B.1.1.
Given the large amount of very detailed information captured in [1], this contribution intends to provide a very high-level overview of some of the most relevant information.
Additional/Missing Test Cases with Required Relaxations
It is expected that the list of low-UL/high-DL power test cases in [2] is incomplete and needs to be augmented with additional test cases, e.g., CA and On/Off time mask.
[bookmark: _Ref95307917]Observation 1: Additional test cases might need to be added to the list of test cases that require relaxations. 
Motivation for NF Testing
The key reason for considering the NF methodology is the reduced free-space path loss due to the closer proximity of the NF probe to the DUT. Table 1 lists the free-space path losses for a typical IFF or DFF configuration with 1m focal point distance (IFF)/1m range length (DFF) and for a NF system configuration with the most optimized 22cm range length based on the NF interface distance  added to the edge of the quiet zone. The path loss differences between these two test configurations is ~14dB and therefore helps to reducing/eliminate many of the required relaxations previously identified [2]. 
[bookmark: _Ref94718564]Table 1: Path loss comparison between NF and FF testing
	f (GHz)
	PC3 Devices with D=5cm

	
	IFF/DFF
	NF

	
	Path Loss with 1m range length
	Path Loss with 0.22m range length


	24.25
	60.16
	46.86

	30
	62.01
	48.71

	40
	64.51
	51.21

	43.5
	65.24
	51.94

	52.6
	66.89
	53.59


Some additional gains could be realized with less complex switchbox requirements/implementations for the measurement paths that involve the NF measurement probe(s). On the other hand, some additional measurement uncertainties, discussed later, will have to be taken into account. 
Before new test case procedures, applicability statements, MUs/MTSUs, are developed based on the work summarized by RAN4 and new research efforts are started in RAN5, feedback is requested whether the best case of ~14dB improvement in relaxations due to Free-Space Path Loss (FSPL) is sufficient (“good enough”). In the absence of the total improvement in relaxations, feedback from RAN5 is requested whether new NF methodologies should be considered if the relaxations cannot completely be eliminated. 
[bookmark: _Ref95126729]Proposal 1: RAN5 to determine whether the new NF methodologies should be considered if the relaxations cannot completely be eliminated. 
Use of FF Probe
All NF test methodologies identified in RAN4 have in common that a 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. An example test setup of such a hybrid system is shown in Figure 1 with the NF probe along the x axis highlighted in green.
[image: ]
[bookmark: _Ref94717215]Figure 1: Hybrid NF/(I)FF test setup suitable for NF measurements
As outlined in [1], the Direct Near Field (DNF) methodology which only leverages NF probe(s) and thus measurements in the NF, is not deemed a feasible enhancement of the methodology for conformance testing but it might be suitable during the UE development phase.
[bookmark: _Ref95126722]Observation 2: The new permitted methodologies would have to be added in TS38.508-1. 
Black Box vs Black&White Box
The black-box test approach has been adopted for all FR2 conformance test cases, i.e., there is no knowledge which antenna panel is active at any given time and the detailed location of the active panel within the DUT. In this test configuration, the geometric centre of the DUT is aligned with the centre of the quiet zone [4]. As part of the NF test approach, another test configuration, referred to as ‘black&white box’ approach, was defined where only the antenna location of the antenna that yields the beam peak needs to be declared. Just like the black-box approach, the geometric centre of DUT is aligned with the centre of QZ.
[bookmark: _Ref95126723]Observation 3: The new black&white-box approach would have to be added in TS38.508-1 and likely TS38.521-2. 
While the optional declaration requires manufacturers to disclose information of their antenna system, typically something manufacturers are hesitant to do, this declaration generally supports test-time reductions and lower MUs. 
[bookmark: _Ref95126724]Observation 4: The new black&white-box vendor declaration would have to be added in TS38.508-2. 
The knowledge of the location of the active antenna array responsible for the in-band beam peak direction can support a more significant path loss reduction that would in turn allow a greater reduction in the relaxation as shown in this contribution. However, it is not clear/doubtful whether it can be assumed that the origin of the spurious radiation is the same as the location of the antenna array that yields the in-band beam peak regardless of frequency, i.e., feedback from industry is requested. 
[bookmark: _Ref95460924]Proposal 2: Feedback from industry (chipset vendors and OEMs) is requested whether the origin of the spurious emission regardless of frequency is always co-located with the antenna array responsible for the radiation of the in-band beam peak.
In the most conservative approach where we cannot assume that the location of the spur is the same as the declared antenna array location responsible for the in-band beam peak direction, the benefit of testing the spurious emissions test cases in the NF due to free-space path loss reduction is only ~8dB for PC3 (40cm NF path loss vs 1m IFF focal length). Such improvement is pretty small compared to the previously suggested ≥25dB relaxation. 
[bookmark: _Ref95460923]Observation 5: When the origin of the spur is unknown (black box), spurious emissions test cases performed in the NF due to free-space path loss reduction would see a moderate improvement. 
Methodologies
Three different methodologies, CFFDNF, CFFNF, and CFFdeltaNF, were identified as part of the SI in RAN4 [1]. 
[bookmark: _Ref95126725]Observation 6: The new permitted NF methodologies would have to be added in TS38.508-1. 
Special Considerations for Offset Antennas When Testing in NF
While antenna offsets from the centre of the QZ have little to no effect on power measurements when performed in the FF, two aspects need to be considered when performing measurements in the NF to accurately estimate the FF performance.
First of all, an offset of the active antenna under test (AUT) from the centre of QZ to which the free-space path losses have been calibrated to, will yield a different effective measurement distance. As illustrated in Figure 2, the measurement distance d, i.e., the distance between the AUT and the measurement probe, is different than the range length r, i.e., the distance between the centre of QZ and the measurement probe. For measurements in the NF, the path loss effects/differences between the measurement distance and range length can be quite significant since measurement probe could be in very close proximity of the edge of the device/AUT. Therefore, for accurate FF power estimations, the antenna offset needs to be considered appropriately, e.g., applying the known or calculated offset. 
[image: ]
[bookmark: _Ref94767609]Figure 2: AUT offset effect: measurement distance, d, vs range length, r.  
Additionally, the NF beam peak direction for an offset antenna is not necessarily the same as the FF beam peak direction, i.e., special attention is required to determine the measurement direction in the NF. As illustrated in Figure 3, the FF beam peak direction, highlighted with the blue arrow in the horizontal plane, is known from the previously performed beam peak search with an DFF/IFF-based system. The FF probe is then used to steer the beam in this FF BP direction before the NF probe is used to perform the measurement(s) in the NF. As illustrated in Figure 3, the NF probe for the example offset antenna is placed towards a different direction (illustrated with the purple arrow) to optimize the FF power estimate, i.e., placing the NF probe in the horizontal direction would have significantly underestimated the power. 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; alternatively, if the offset of the antenna array is not known, the beam peak direction in the NF can be determined via a local search.
[image: ] 
[bookmark: _Ref94777888]Figure 3: AUT offset effect: change in measurement direction
CFFDNF
The combined FF/Direct NF (CFFDNF) methodology relies on a single NF measurement in the NF of the DUT after the FF probe is used to steer the beam in the (known) beam peak direction, i.e., this methodology does not rely on any transforms or auxiliary measurements. On the other hand, this methodology requires the knowledge/declaration of the active antenna array offset, i.e., black&white-box approach, for accurate power measurements in the FF BP direction so that the NF measurement direction can be determined, and the path loss differences (range length, r, vs measurement distance, d) compensated. 
This methodology is suitable for TRP measurements with and without the knowledge of the active antenna array offset; however, TRP measurements can be performed at much smaller NF range lengths and with smaller MUs if the antenna offset is known and compensated.
CFFNF
The combined FF/NF (CFFNF) methodology relies on a transform that takes the rate of decay using an asymptotic expansion approach into account for even more accurate FF power estimations when compared to the CFFDNF methodology. Unlike CFFDNF, this methodology is suitable for the black-box and black&white-box approach, i.e., the active antenna array offset does not necessarily need to be declared. The underlying transform of this methodology supports more accurate power estimates and thus much shorter minimum range lengths when compared to CFFDNF. The asymptotic expansion approach requires measurements on multiple radii/range lengths in order to estimate the rate of decay, i.e., this methodology is not a direct measurement approach and results in additional test time requirements which makes this methodology not applicable for TRP measurements but single-directional power, EIRP/EIS, measurements instead. 
CFFdeltaNF
The combined FF/delta NF (CFFdeltaNF) methodology relies on a correlation approach that determines the difference in power measurements between the FF and NF for a high UL power test case and applies this difference to a NF measurement for a low UL power test case to approximate the FF power. This methodology is applicable to the black-box test approach and as outlined earlier requires a local search similar to the CFFNF black-box approach. 
Test Procedures
The test procedures for each test methodology have been thoroughly documented in [1], specifically Clause 5.1.4.2, and could be incorporated into [5] similar to the test procedures in Annex K of [5]. The test steps are visualized separately for all three methodologies for the black&white-box approach in Figure 4 and for the black-box approach in Figure 5.
[bookmark: _Ref95126726]Observation 7: The new test procedures would have to be added in TS38.521-2. 
Simulations and Measurement Uncertainties
Extensive simulation campaigns were performed and documented for each methodology in [1], specifically Clauses 5.1.4.3 through 5.1.4.10, for various MU elements. While some additional analyses might be required, it is expected that most of the simulation assumptions, Clause 5.1.4.3, can be confirmed as appropriate for PC3 and PC1 devices and that most results can be re-used in RAN5 while some missing/new simulations are required. 
The new/revised MU elements applicable to CFFDNF, CFFNF, and CFFdeltaNF are captured in [1], specifically Clause B.1.
[bookmark: _Ref95126727]Observation 8: While many simulations can be re-used from RAN4, some new simulations will be required. 
[bookmark: _Ref95126728]Observation 9: For each of the low UL/high-DL power test cases addressed by the new NF methodologies, MUs would be captured in TR38.903 and MTSUs in TS38.521-2. 


[image: ]
[bookmark: _Ref94865858]Figure 4: Test Steps for CFFDNF/CFFNF/CFFdeltaNF testing of DUTs with known antenna phase centre offset (black&white-box approach)



[image: ]
[bookmark: _Ref94865868]Figure 5: Test Steps for CFFDNF/CFFNF/CFFdeltaNF testing of DUTs with black-box approach)

Applicability Overview
Table 2 provides an applicability overview of the three permitted methodologies as presented in [1], specifically Clause 5.1.5.
[bookmark: _Ref94878896]Table 2: Applicability Overview of CFFDNF, CFFNF, CFFdeltaNF
	Methodology
	CFFDNF
	CFFNF
	CFFdeltaNF

	Test Approaches
	Black-Box and Black&White-Box
	Black-Box and Black&White-Box
	Black-Box

	Single-Directional Power Measurement Estimates in FF BP Direction (EIS/EIRP)
	Yes (Black&White-Box)
	Yes
	Yes

	TRP Measurements
	Yes (Black-Box and Black&White-Box)
	No
	No

	Local Search(es) Required
	No
	Black-Box: Yes
Black&White-Box: No
	Yes

	Minimum Range Length 
	PC3: 35cm (EIRP/EIS), 20cm (TRP with Black&White-Box), 40cm (TRP with Black-Box)
PC1: 45cm (EIRP), 20cm (TRP with Black&White-Box), 35cm (TRP with Black-Box)
	PC1: 22cm (EIRP/EIS)
PC3: 32cm (EIRP/EIS)
	PC3: 35cm (EIRP/EIS)
PC1: 45cm (EIRP/EIS)





Conclusion
The following observations and conclusions were made in this contribution. 
Observation 1: Additional test cases might need to be added to the list of test cases that require relaxations.
Observation 2: The new permitted methodologies would have to be added in TS38.508-1.
Observation 3: The new black&white-box approach would have to be added in TS38.508-1 and likely TS38.521-2.
Observation 4: The new black&white-box vendor declaration would have to be added in TS38.508-2.
Observation 5: When the origin of the spur is unknown (black box), spurious emissions test cases performed in the NF due to free-space path loss reduction would see a moderate improvement.
Observation 6: The new permitted NF methodologies would have to be added in TS38.508-1.
Observation 7: The new test procedures would have to be added in TS38.521-2.
Observation 8: While many simulations can be re-used from RAN4, some new simulations will be required.
Observation 9: For each of the low UL/high-DL power test cases addressed by the new NF methodologies, MUs would be captured in TR38.903 and MTSUs in TS38.521-2.
Proposal 1: RAN5 to determine whether the new NF methodologies should be considered if the relaxations cannot completely be eliminated.
Proposal 2: Feedback from industry (chipset vendors and OEMs) is requested whether the origin of the spurious emission regardless of frequency is always co-located with the antenna array responsible for the radiation of the in-band beam peak.
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