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Introduction
The NR testability technical report TR 38.810 [1] defines the far-field criteria for the Direct Far-Field (DFF) test methodology. However, the minimum range length requirements for DFF systems has not been captured anywhere. As the QZ/DUT dimensions are not insignificant compared to the min. far-field distances, it needs to be defined how these dimensions factor into the minimum range length requirements which is the objective of this contribution. 
Discussion
The min. far-field distance for the DFF methodology has been defined in Clause 5.2.1.2 of [1] as well as in Clause 5.1.1.3.1 of [2], e.g., 
	[bookmark: _Toc12625354]5.1.1.3.1	DFF and DFF with simplification for centre of beam measurements
-	Far-field measurement system in an anechoic chamber.

-	The minimum far-field distance R for a traditional far field anechoic chamber can be calculated based on the following equation: , where D is the diameter of the smallest sphere that encloses the radiating parts of the DUT.



Depending on DUT Antenna Configuration [1], max radiating aperture size D, and maximum DUT size, the min. far-field distance can be tabulated as shown in Table 1. 
[bookmark: _Ref15916100]Table 1: Min. Far-Field Distance for different DUT Antenna Configurations
	Min. Far-Field Distance [m]

	                        f [GHz]


DUT Ant. Config.
	24.25
	30
	40
	50
	52.6

	Config 1 & 2 (D=5cm)
	0.40
	0.50
	0.67
	0.83
	0.88

	Config 3 (15cm DUT)
	3.64
	4.50
	6.00
	7.51
	7.90

	Config 3 (30cm DUT)
	14.56
	18.01
	24.02
	30.02
	31.58



Clearly, due to the very large far-field distances for DUT Antenna Configuration 3 the DFF methodology lends itself only for DUT Antenna Configurations 1 and 2 as captured in the applicability table 5.3-2 in [1], i.e., 
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While the Indirect Far-Field (IFF) methodology has become the de-facto baseline for UE RF test cases, the DFF methodology is the baseline for RRM test cases, specifically for Scenario 3 with 2 AoAs [1], and a very cost-effective test methodology for demodulation test cases. 
[bookmark: _Ref15983698]Observation 1: The DFF methodology is the baseline for RRM test cases, specifically for Scenario 3 with 2 AoAs, and a very cost-effective test methodology for demodulation test cases.
As outlined in [1], the RRM baselines setups are
For the scope of Rel-15 testing NMAX_AoAs = 2. 
- For UE RRM baseline measurement setup based on DFF, the supported NMAX_AoAs = 2. 
- For UE RRM baseline measurement setup based on simplified DFF, the supported NMAX_AoAs = 1. 
- For UE RRM baseline measurement setup based on IFF, the supported NMAX_AoAs = 1.
and the descriptions of the scenarios 1 through 3 in Clause 6.2.1.4.2 of [1] clearly outline the need for far-field requirements to apply to RRM conformance testing even though the test cases themselves are not based on EIS. For instance, Scenario 1 mandates RRM measurements to be performed in the RX beam peak direction, while Scenario 2 and 3 mandate RRM measurements to be performed from directions that meet the Nth-percentile EIS Spherical Coverage. This essentially defines that the RRM test system requires far-field conditions to either confirm these conditions or perform the searches based on EIS. 
[bookmark: _Ref16843331]Observation 2: RRM test systems require far-field conditions.
While the min. far-field distance for the DFF system has been clearly defined and specified, the system-level requirement for the minimum range length of a DFF system, i.e., the minimum distance between the centre of the quiet zone and the measurement antenna, has not been explicitly defined anywhere yet in 3GPP. In [1], however, the minimum range length is defined to be a function of the DUT size
D.2.5 Minimum range length 
The minimum range length depends on the size of the DUT and the minimum far-field distance of typical antenna arrays integrated in DUTs.
[bookmark: _Ref15983703]Observation 3: The minimum range length, i.e., the minimum distance between the centre of the quiet zone and the measurement antenna, has not been explicitly defined anywhere in 3GPP yet but confirmed to be a function of DUT size
In order to properly design conformance test systems for demodulation and RRM test cases, it is essential to define the minimum range length requirements to converge on a common set of system requirements which will allow industry to have a clear definition of compliant systems.
3GPP is currently considering quiet zone sizes of up to 30cm [1] and since the DUT has to be fully enclosed by the spherical QZ the maximum DUT diameter must be assumed to match the 30cm. As these QZ/DUT dimensions are close to the min. far-field distances in Table 1, it needs to be determined how these dimensions factor into the minimum range length requirements.
[bookmark: _Ref15983713]Proposal 1: Define the min. range length for DFF Systems in order to converge on a common set of system requirements. 
Some of the key properties of a DFF system are illustrated in Figure 1. The distance between the centre of the quiet zone to the measurement antenna is referenced as RDFF, while the radius of the quiet zone is RQZ. 
For a white box approach, i.e., the location of the DUT’s antenna array is known and centred in the centre of the QZ, this would result in a setup illustrated in Figure 2. In this case, the measurement distance between the radiating DUT antenna aperture and the measurement antenna, Rmeas, matches the range length of the DFF system, RDFF. To qualify as a far-field system, the min. measurement distance, Rmeas, has to exceed the FF distance, RFF=2D2/, otherwise, the system would have to be considered a direct near-field (DNF) system. However, the decision was made to treat the DUT as black box, i.e., the location of the radiating aperture is not declared and the geometric centre of the DUT is centred in the centre of the QZ. 

[image: ]
[bookmark: _Ref15918892]Figure 1: Illustration of DFF System. The positioning system has been omitted and the system type is illustrated as distributed-axes system.
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[bookmark: _Ref15926002]Figure 2: Illustration of DFF System for a white-box setup
[image: ]
[bookmark: _Ref15926950]Figure 3: Illustration of DFF System for a black-box setup
For the black-box approach, i.e., the location of the DUT’s antenna array is unknown/not declared, i.e., the antenna can be anywhere within the sphere of radius RDUT enclosing the DUT, and the geometric centre of the DUT is aligned with the centre of the QZ, this would result in a setup illustrated in Figure 3. In this case, the measurement distance between the radiating DUT antenna aperture and the measurement antenna, Rmeas, needs to take the unknown offset of the antenna aperture into account. Again, to qualify as a far-field system, the min. measurement distance, Rmeas, has to exceed the FF distance, RFF=2D2/, otherwise, the system would have to be considered a direct near-field (DNF) system and the EIRP in the far-field must be calculated using a near-field to far-field transformation which is not applicable for EIS in a DNF system [1]. Clearly, the range length of the DFF system for a black-box setup has to exceed far-field distance.
While the Quality of QZ procedure defined in [1] takes into account the offsets of antennas from the centre of the QZ,
B.1.1.4.3 Quality of quiet zone 
The quality of the quiet zone procedure characterizes the quiet zone performance of the anechoic chamber, specifically the effect of reflections within the anechoic chamber including any positioners and support structures. The MU term additionally includes the amplitude variations effect of offsetting the directive antenna array inside a DUT from the centre of the quiet zone as well as the directivity MU, i.e., the variation of antenna gains in the different direct line-of-sight links. An additional MU term related to phase variation and phase ripple effects which depends on measurement distance is FFS and shall be assessed during final MU definition for the test method. This might require an augmentation of the quality of the quiet zone validation procedure.
the underlying assumption is that the distance between all reference test positions and the measurement antenna meet the far-field criteria as the MU does not include effects to reduce the measurement distance from the mandated FF distance that a DFF system needs to have between the measurement antenna and the radiating element. 
As stated in [3], requirements based on EIRP/EIS require far-field conditions
NOTE: For requirements based on EIRP/EIS, the radiated interface boundary is associated to the far-field region
and permitted test methodologies have to demonstrate equivalence to the far-field environment [1]. Therefore, the minimum measurement distance between any potential antenna location in the QZ and the measurement antenna has to meet the far-field criteria outlined in [1][2] and thus take the max offset/QZ size into account; otherwise, it cannot be guaranteed that EIRP/EIS are associated to the far-field region. 
The setup in Figure 4 is used to derive the min. range length for NR FR2 DFF systems where the sphere enclosing the DUT matches the QZ and the DUT antenna with radiating aperture diameter D located in the corner of the DUT. With this setup, the min. range length, RDFF, can be determined as
RDFF = RQZ – D/2 + Rmeas = RQZ – D/2 + 2D2/									(Eq. 1)
which is tabulated in Table 2 for two different QZ sizes assuming DUT Antenna Configuration 1&2 with D=5cm.  
[image: ]
[bookmark: _Ref15982142]Figure 4: Illustration of DFF System for min. range length definition
[bookmark: _Ref15983542]

Table 2: Min. Range Length of DFF System for DUT Antenna Configuration 1&2 with D=5cm
	Min. Range Length [m] of DFF System with D=5cm

	                        f [GHz]
QZ [cm]
	24.25
	30
	40
	50
	52.6

	15
	0.58
	0.68
	0.84
	1.01
	1.05

	30
	0.73
	0.83
	0.99
	1.16
	1.20


[bookmark: _Ref15983719]
It is therefore proposed to adopt this approach and equation 1 to define the minimum range length of DFF Systems for DUT Antenna Configurations 1&2.
[bookmark: _Ref16843429]Proposal 2: Adopt equation 1 to define the minimum range length of DFF Systems for DUT Antenna Configurations 1&2
Conclusion
The following observations and proposals were made in this contribution
Observation 1: The DFF methodology is the baseline for RRM test cases, specifically for Scenario 3 with 2 AoAs, and a very cost-effective test methodology for demodulation test cases.
Observation 2: RRM test systems require far-field conditions.
[bookmark: _GoBack]Observation 3: The minimum range length, i.e., the minimum distance between the centre of the quiet zone and the measurement antenna, has not been explicitly defined anywhere in 3GPP yet but confirmed to be a function of DUT size
Proposal 1: Define the min. range length for DFF Systems in order to converge on a common set of system requirements.
Proposal 2: Adopt equation 1 to define the minimum range length of DFF Systems for DUT Antenna Configurations 1&2
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Table 5.3-2: Overview of test method applicability for permitted test methods

DUT Antenna Indirect Far Near Field to
Configuration Field (IFF) far field
transform
(NFTF)
1 Yes Yes
2 Yes Yes
3 Yes No
NOTE: A positive indication means that applicability exists for at least one RF
test cases for the given DUT Antenna Configuration





image3.png
Range Length (from
Centre of QZ), Rpee

Meas&Link
Antenna

RQZ




image4.png
BFF - UU IEE BOX

Range Length, Rpge

Meas&Link
Antenna

Measurement
Distance (from
centre of antenna
Dl.JT: Antenna Ar.ray array), Royene

with D<5cm (active

antenna centered in

Centre of QZ)




image5.png
—Black Box

Range Length (from
Center of QZ), Rpgr

DUT Radius,
RDUT

Meas&Link
Antenna

o —

Measurement
Distance (from
center of antenna
array), Rieas

DUT: Antenna
Array with D<5cm
(geometric centre
in Centre of QZ)




image6.png
Range Length (from

Centre of QZ), Rpgr Meas&Link

Antenna

DUT Aperture
with diameter D

‘Measurement
Distance (from
centre of antenna
array), Rieas

QZ Radius,
Raz=Rour





