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Introduction
This contribution addresses testability aspects for the high DL power and low UL power test cases prioritized in the Study Item on Enhanced test methods for FR2 [1].
Discussion
The Study Item Description (SID) outlines the need to define new and/or improved test methodologies to reduce relaxations which RAN5 decided are necessary for select test cases with high DL or low UL power [2]. These relaxations range from 25dB to 30.4dB for UL and from 26dB to 34dB for DL test cases for the IFF and DFF test methodologies. Since some of the affected test cases verify UE compliance with regulatory requirements, the work on high DL/low UL power test cases was prioritized in the SID:
	1.	Define test methodology for high DL power and low UL power test cases
-	Considering path loss reduction, measurement antenna gain improvement, DUT positioning improvement, and MU improvement
-	Considering NFTF (defined in Clause 5.2 of TR38.810) and direct near field test methodologies as possible alternative methods
-	Other approaches are not precluded
-	Study preliminary assessment of measurement uncertainty of new alternative methods



This contribution briefly reviews existing and new test methodologies with respect to the relaxations decided in RAN5.
The LS from RAN5 to RAN [2] clearly indicated that the quoted relaxations are for FR2 RF tests using the IFF and DFF methods and that the relaxations are due to the high path losses and the need to prevent the MU from further increasing. 
The radiated free-space path losses for the far-field methods supporting FR2 are related to the ~1m focal length of Compact Antenna Test Ranges (CATRs) based on the IFF methodology and the ~1m range length requirements for the DFF methodology. This 1m distance results in a ~64dB free-space path loss at 40GHz; neither the distances or the free-space path losses can be reduced without violating the far-field conditions and further increasing MUs. 
Conducted path losses for the conformance test systems have been optimized by using state-of-the art equipment and components; three test equipment and test system vendors have independently performed analyses of their respective systems and jointly agreed on the MUs and the required relaxations in RAN5.  No additional improvements in test equipment and components are expected to be available for Release 16 given that some of the test equipment is still being finalized and optimized. It is important to point out that the underlying assumption for the analyses was that the test systems can perform all UE RF test cases including spurious emissions. Some improvements in MU and required relaxations could be possible if test systems are tailored for just the low UL and just for the high DL power test cases. However, this would result in significant additional costs and real estate requirements for labs and the improvements in terms of relaxation are likely limited to just a few dBs. 
[bookmark: _Ref20427006]Observation 1: Radiated Path Losses for IFF and DFF cannot be reduced any further since the focal distance (CATR) and the range length (DFF) dictate an ~1m free-space path loss distance
[bookmark: _Ref20427014]Observation 2: State of the art equipment is already used to cover the large amount of UE RF FR2 conformance test cases. A small reduction of the relaxation might be possible by customizing test systems just for the low UL and just for the high DL power test cases in question.
One way to reduce the radiated path losses is the use of near-field test methodologies with or without transforms. While the methodology utilizing the Near-Field to Far-Field transform is already a permitted methodology for TX test cases [4], the near-field methodology without a transform is not a permitted methodology and will incur additional MU impact for select test cases; whether these methodologies can be permitted eventually for the low UL and high DL power test cases needs to be studied further and is not further addressed this contribution.
[bookmark: _Ref20427019]Observation 3: Whether NF methodologies are applicable to the low UL power and high DL power test cases needs to be investigated further. 
Instead, the remainder of this contribution is comparing the differences in free-space path losses of near-field systems with those of far-field systems. Either near-field approach will require measurements in the radiative near field as highlighted in Annex B.2.5.4 of [5]
The measurement distance for any NFTF system implementation shall ensure that the DUT is not measured in the reactive near-field region and is adequate to meet the quiet zone dimensions defined in B.2.5.2.  
In the remainder of the contribution, we are not further differentiating between the near-field with transform (NFTF) and the direct near field (DNF) approaches but just refer to near-field (NF) methodologies. 
The interface between the reactive and the radiative near field, RNF, is commonly defined to be 

 
measured from the antenna element with radiating aperture of D., as illustrated in Figure 1. For Antenna Configurations 1&2, it was assumed that D is limited to 5cm maximum, while the Antenna Configuration 3, the radiating aperture could be as large as the entire device, e.g., sparse antenna arrays. This radiative near field distance will have to be applied to the edge of the quiet zone, similar to [3] for DFF or to [6] for NR MIMO FR2, as the antenna location(s) are unknown and could be located next to the edge of the quiet zone. The NF and FF interfaces are illustrated schematically in Figure 1. 
[image: ]
[bookmark: _Ref20426474]Figure 1: Schematic illustration of NF and FF interfaces
Table 1 compares the radiated path losses for methodologies applicable to Antenna Configurations 1, 2, and 3 (IFF and NF) and for methodologies applicable to Antenna Configurations 1 and 2 (IFF, DFF, NF). For IFF and DFF, a 1m free-space path loss distance is assumed, i.e., 1m focal length for IFF and 1m range length for DFF. The calculations were all based on a quiet zone size of 30cm in diameter. Since the range lengths for DFF systems applicable to antenna configuration 3 are not practical, DFF has not been considered in the first category of Table 1. For the NF systems, a D of 30cm is considered for the RNF interface distance calculation when all three antenna configurations are considered; for an applicability of the NF system to just antenna configurations 1 and 2, a D of 5cm is considered. 
[bookmark: _Ref20418555]Table 1: Radiated Free-Space Path Loss Comparison
	f [GHz]
	Antenna Config. 1, 2, and 3
	Antenna Config. 1 and 2

	
	CATR IFF (Focal Length of 1m)
	NF with D=30cm
	CATR IFF (Focal Length of 1m)
	DFF (Range Length 1m, D=5cm)
	NF (D=5cm)

	24.25
	60.14
	60.70
	60.14
	60.14
	46.68

	30
	61.99
	63.35
	61.99
	61.99
	48.81

	40
	64.49
	66.95
	64.49
	64.49
	51.73

	43.5
	65.22
	68.00
	65.22
	65.22
	52.58

	52.6
	66.87
	70.39
	66.87
	66.87
	54.54



[bookmark: _GoBack]Interestingly, the radiated free-space path losses for NF systems exceed the path losses of a CATR when all three antenna configurations need to be supported. Antenna apertures up to 30cm require total measurement distances for NF systems that exceed the 1m focal lengths of CATRs, e.g., just the NF distance RNF at 52.6GHz is ~1.4m.
[bookmark: _Ref20427025]Observation 4: For an applicability of all three antenna configurations, the NF methodology does not provide any benefits to the low UL and high DL test cases in terms of relaxation reductions as the free-space path losses are greater than those of CATR IFF methodology.
When only considering antenna configurations 1 and 2, some reduction in free-space path losses for the NF system can be observed when compared to IFF and DFF. However, these reductions of ~13dB are just a fraction of the relaxations required for the low UL and high DL test cases. This reduction is likely going to decrease further when considering other MU and system aspects. More importantly, many open issues such as significant test time increase, the limited applicability to TX power measurements for NFTF and the lack of equivalence of DNF to far-field methodologies need to be addressed. This seems rather challenging for the limited scope of this SI and the many other high priority topics this SI tries to address. 
[bookmark: _Ref20427029]Observation 5: For an applicability of antenna configurations 1 and 2 only, the NF methodology could provide up to 13dB improvement in relaxation compared to IFF and DFF. 
Feedback from industry is requested whether TE/TS vendors should further investigate NF methodologies if the relaxations can only be reduced by a fraction of the previously communicated relaxations. 
[bookmark: _Ref20427045]Proposal 1: Feedback from industry is requested whether the NF methodologies shall be investigated further if the relaxations can only be reduced by a fraction of the previously communicated relaxations. 
Conclusion
The following observations and proposals were made in this contribution
Observation 1: Radiated Path Losses for IFF and DFF cannot be reduced any further since the focal distance (CATR) and the range length (DFF) dictate an ~1m free-space path loss distance
Observation 2: State of the art equipment is already used to cover the large amount of UE RF FR2 conformance test cases. A small reduction of the relaxation might be possible by customizing test systems just for the low UL and just for the high DL power test cases in question.
Observation 3: Whether NF methodologies are applicable to the low UL power and high DL power test cases needs to be investigated further.
Observation 4: For an applicability of all three antenna configurations, the NF methodology does not provide any benefits to the low UL and high DL test cases in terms of relaxation reductions as the free-space path losses are greater than those of CATR IFF methodology.
Observation 5: For an applicability of antenna configurations 1 and 2 only, the NF methodology could provide up to 13dB improvement in relaxation compared to IFF and DFF.
Proposal 1: Feedback from industry is requested whether the NF methodologies shall be investigated further if the relaxations can only be reduced by a fraction of the previously communicated relaxations.
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