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Annex B (normative): Permitted test methods For OTA Testing

B.1
General

Editor's Note: The working assumption is that the DFF or IFF: CATR based OTA test methodologies defined in Annexes B.2.2 and B.2.4 respectively should be used for Signalling test..
The applicability of the permitted test methods herein is defined by the appropriate references within clauses 5, 6, and 7. A summary of the applicability is shown in Table B.1-1.

Table B.1-1: Permitted Test Methods Applicability Summary
FFS

B.2
Permitted Test Methods

B.2.1
General

The main objective of this annex is to specify basic parameters of permitted OTA test methods suitable for RF Tx and Rx, Performance, and RRM measurements and Signalling Conformance tests performed at high frequency in the FR2 operating bands defined in clause 4.3.1.2. The applicability of each OTA test method is summarized in Table B.1-1.
B.2.2
Direct far field (DFF)

B.2.2.1
Description

The DFF measurement setup for FR2 is capable of centre and off-centre of beam measurements and is shown in Figure B.2.2.1-1 below.


[image: image1]
Figure B.2.2.1-1: DFF measurement setup
The key aspects of the DFF setup are:

-
Far-field measurement system in an anechoic chamber

-
The criterion for determining the far-field distance is described in B.2.2.4.
-
A positioning system such that the angle between the dual-polarized measurement antenna and the DUT has at least two axes of freedom and maintains a polarization reference.

-
A positioning system such that the angle between the link antenna and the DUT has at least two axes of freedom and maintains a polarization reference; this positioning system for the link antenna is in addition to the positioning system for the measurement antenna and provides for an angular relationship independently controllable from the measurement antenna.

-
For setups intended for measurements of UE RF characteristics in non-standalone (NSA) mode with 1 UL configuration, an LTE link antenna is used to provide the LTE link to the DUT. The LTE link antenna provides a stable LTE signal without precise path loss or polarization control.

-
For setups intended for measurements in NR CA mode with FR1 and FR2 inter-band NR CA, test setup provides NR FR1 link to the DUT. The NR FR1 link has a stable and noise-free signal without precise path loss or polarization control.

The applicability criteria of the DFF setup are:

-
The DUT radiating aperture is D ≤ 5 cm

-
Either a single radiating aperture, multiple non-coherent apertures, or multiple coherent apertures DUTs can be tested

-
If multiple antenna panels that are phase coherent are defined as a single array, the criterion on DUT radiating aperture applies to this single array

-
D is based on the MU assessment in Annex B.1.1.3 of TR 38.810 [24]
-
A measurement distance larger than the far-field criteria defined in B.2.2.4 is not precluded

-
If the uncertainties can be further optimized, the MU may be reduced or D may be increased

-
A manufacturer declaration on the following elements is needed unless the entire DUT size is contained in a sphere of diameter of ≤ 5 cm:

-
Manufacturer declares antenna array size
B.2.2.2
Quiet zone dimension

The quiet zone shall be large enough to fully contain the DUT. In order to allow testing of DUTs of various size and to allow for flexibility in test chamber implementations, there will be two defined quiet zone dimensions. The smaller quiet zone shall have a minimum radius of 75mm to accommodate DUTs such as smartphones. The larger quiet zone shall have a minimum radius of 150mm to accommodate larger DUTs such as tablets. The device types are listed as examples and other device types are not precluded. In either case, the DUT shall be fully contained in one of the quiet zone sizes defined herein.
B.2.2.3
Quality of the quiet zone

The quality of the quiet zone shall be measured for the frequencies defined in FFS. The measured quality of the quiet zone performance is used in uncertainty calculations for the appropriate quality of the quiet zone dimension utilized for the DUT.
B.2.2.4
Measurement Distance

For far-field measurements, the distance R between the DUT and the measurement antenna shall be calculated by the following equation.
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where  is the largest wavelength within the frequency band of interest and D is the diameter of the smallest sphere that encloses the radiating parts of the DUT.
For DFF, free space path loss is calculated by applying the Free Space Loss formula with R equal to the far field distance: [image: image3.emf]൬ 4 𝜋 𝑅 𝜆 ൰ 2  

.
A summary of the far-field measurement distance for different antenna sizes and frequencies can be found in clause 5.2.1.2 of TR 38.810 [24]. The influence of measurement distance on measurement uncertainty is discussed in Annex B.2.1 of TR 38.903 [XX].
B.2.3
Direct far field (DFF) setup simplification for centre of beam measurements

B.2.3.1
Description

The DFF setup in Annex B.2.2 can be simplified in the following way to perform centre of the beam measurements: 

-
The measurement and the link antenna can be combined so that the single antenna is used to steer the beam and to perform UE measurements.

The measurement setup for FR2 capable of centre of beam measurements is shown in Figure B.2.3.1-1 below.


[image: image4]
Figure B.2.3.1-1: DFF simplification for centre of beam measurement setup

The applicability criteria of the simplified DFF setup for centre of beam measurements are defined in B.2.2.1.
B.2.3.2
Quiet zone dimension

Same as Annex B.2.2.2.
B.2.3.3
Quality of the quiet zone

Same as Annex B.2.2.3.
B.2.3.4
Measurement Distance

Same as Annex B.2.2.4.
B.2.4
Indirect far field (IFF): Compact Antenna Test Range (CATR)
B.2.4.1
Description

The IFF method utilizing a compact antenna test range (CATR) creates the far field environment using a transformation with a parabolic reflector.
The IFF CATR measurement setup for FR2 is capable of centre and off-centre of beam measurements and an example setup is shown in Figure B.2.4.1-1 below. The relative orientation of the coordinate system with respect to the reflector and the axes of rotation apply to any CATR measurement setup.

[image: image5]
Figure B.2.4.1-1: Example of IFF: CATR measurement setup

The key aspects of this test method setup are:

-
Indirect Far Field using Compact Antenna Test Range as described in TR 38.810 [24] with quiet zone diameter that meets the requirements of B.2.4.2.

-
A positioning system such that the angle between the dual-polarized measurement antenna and the DUT has at least two axes of freedom and maintains a polarization reference.

-
Before performing the UE Beamlock Test Function as defined in clause 4.9.2, the measurement probe acts as a link antenna maintaining polarization reference with respect to the DUT. Once the beam is locked then the link is to be passed to the link antenna which maintains reliable signal level with respect to the DUT.

-
For setups intended for measurements of UE RF characteristics in non-standalone (NSA) mode with 1UL configuration, an LTE link antenna is used to provide the LTE link to the DUT. The LTE link antenna provides a stable LTE signal without precise path loss or polarization control.

-
For setups intended for measurements in NR CA mode with FR1 and FR2 inter-band NR CA, test setup provides NR FR1 link to the DUT. The NR FR1 link has a stable and noise-free signal without precise path loss or polarization control.

The applicability criteria of this test method are:

-
The total test volume is a cylinder with diameter d and height h.

-
DUT must fit within the total test volume for the entire duration of the test.

-
Either a single radiating aperture, multiple non-coherent apertures or multiple coherent apertures DUTs can be tested.

-
No manufacturer declaration of the antenna array size is needed.
B.2.4.2
Quiet zone dimension

Same as Annex B.2.2.2.
B.2.4.3
Quality of the quiet zone

Same as Annex B.2.2.3.
B.2.4.4
Measurement Distance

The CATR system does not require a measurement distance of 
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 to achieve a plane wave as in a standard far field range.
For the CATR system, the far-field distance is seen as the focal length. The focal length is the distance between the feed and the reflector of the CATR. Further information on the focal length of a CATR system can be found in clause 5.2.3.2 of TR 38.810 [24].
The measurement distance for any CATR system implementation shall be adequate to meet the quiet zone dimensions defined in B.2.4.2. 

In a CATR, from the reflector to the quiet zone, there is a plane wave with no free space path loss.

For CATR, free space path loss is calculated by applying the Free Space Loss formula with R equal to the far field distance based on the focal length: [image: image7.emf]൬ 4 𝜋 𝑅 𝜆 ൰ 2  

.
A summary of the comparison of path losses which can be expected for the CATR compared to a Fraunhofer limit distance (
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) for different antenna sizes and frequencies can be found in clause 5.2.3.2 of TR 38.810 [24].
The influence of measurement distance on measurement uncertainty can be considered as zero as defined in Annex B.2.2 of TR 38.903 [XX].
B.2.5
Near field to far field transform (NFTF)

B.2.5.1
Description

The NFTF method computes the metrics defined in Far Field by using the Near Field to Far Field transformation.
The NFTF measurement setup of UE RF characteristics for FR2 is capable of centre and off centre of beam measurements and an example setup is shown in Figure B.2.5.1-1:

[image: image9.emf]
Figure B.2.5.1-1: Example of NFTF measurement setup

The key aspects of the Near Field test range are:

-
Radiated Near Field UE beam pattern is measured and based on the NFTF mathematical transform, the final metric such as EIRP is the same as the metric for the baseline setup

-
A positioning system such as the angle between the dual-polarized measurement/link antenna and the DUT has at least two axes of freedom and maintains a polarization reference

-
For setups intended for measurements of UE RF characteristics in non-standalone (NSA) mode with 1UL configuration, an LTE link antenna is used to provide the LTE link to the DUT. The LTE link antenna provides a stable LTE signal without precise path loss or polarization control.

-
For setups intended for measurements in NR CA mode with FR1 and FR2 inter-band NR CA, test setup provides NR FR1 link to the DUT. The NR FR1 link has a stable and noise-free signal without precise path loss or polarization control.

The applicability criteria of the NFTF setup are:

-
The DUT radiating aperture is D ≤ 5 cm

-
Either a single radiating aperture, multiple non-coherent apertures or multiple coherent apertures DUTs can be tested

-
If multiple antenna panels that are phase coherent are defined as a single array, the criterion on DUT radiating aperture applies to this single array

-
D is based on the MU assessment in Annex B.1.4.3 of TR 38.810 [24]
-
If the uncertainties can be further optimized, the MU may be reduced or D may be increased

-
A manufacturer declaration on the following elements is needed unless the entire DUT size is contained in a sphere of diameter of ≤ 5 cm:

-
Manufacturer declares antenna array size

-
EIRP, TRP, and spurious emissions metrics can be tested.
B.2.5.2
Quiet zone dimension

Same as Annex B.2.2.2.
B.2.5.3
Quality of the quiet zone

Same as Annex B.2.2.3. 

B.2.5.4
Measurement Distance

The NFTF system does not require a measurement distance of 
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 as in a standard far field range due to the use of the Near Field to Far Field transformation.
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.
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