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1.
Introduction
The IFF system for FR2 UE OTA testing is constructed around an offset parabolic mirror to collimate beams from a test antenna towards the UE. The architecture allows for a quiet zone (QZ) roughly the size of the spot on the mirror illuminated by the source. The key to this architecture is locating the source at the focus of the parabola that describers the mirror.
The burgeoning number of FR2 bands place increasing demands on both, the antenna, as well as the RFFE in TE. In a WF [1], it was agreed that ‘Companies are encouraged to bring analysis of influences to the UE and the TE dynamic range by the offset antenna method especially with the independent beam management (IBM) UE which supports 28GHz + 39 GHz ranges’. In this contribution we share our views on the subject.

2. 
Discussion
We first study the effect of off-focus test system antenna in IFF systems before we list some ramifications to inter-band test requirements. The components of the IFF are much larger than the wavelength of signals under test. The primary effect of the EM solution to the IFF problem can hence be determined by an equivalent optics problem.  

From the geometry of a parabola, there is a unique location (the focus) that allows a test antenna to appear as a far-field antenna after reflection off the mirror. The far-field characteristic comes from the wavefront geometry that is transformed by the mirror from spherical to planar. The planar WF is normal to the optical axis of the mirror. Unfortunately, the favourable characteristics of the parabolic mirror are limited to proper placement of the source, and optical aberration is expected outside the geometry demands specific to the mirror in use. For example, in astronomy, the ‘coma’ aberration has long been associated with telescopes when wavefronts of incoming light are not normal to the optical axis.
2.1 
Study of QZ due to off-focus test system antennae

To simplify the problem, we made the following assumptions about the IFF system, which we modelled with a 2D ray tracer:

1. The TE antenna was modelled as a point light source with uniform illumination in the hemisphere facing the mirror, and no illumination facing the source.
2. Light not incident on the mirror was modelled as being perfectly absorbed by the background

3. Edge effects of the mirror were not considered

4. The primary focal length was chosen to be 0.65m, for an effective focal length with the offset mirror of ~ 0.7m. The mirror offset was such that the mirror extended from y = 0.2 m to y = 0.5 m off the optical axis.
5. QZ plane was placed orthogonal to the optical axis 1.5 m away from the point where the axis intersects the parabola.

6. Source-to-source interaction, in case of multiple sources, are neglected

7. EM field perturbation due to presence of positioner or DUT fixturing is neglected by virtue of choosing an optic method

	Location id
	d (m)
	h (m)

	1 (focus)
	0
	0

	2
	0
	0.05

	3
	0
	0.10

	4
	-0.05
	0.10

	5
	+0.05
	0.10


8. Light source locations considered (d,h defined in figure 1):

Note that assumption #1 is not valid for typical horn antennae, but the uniform illumination assumption serves as a good reference point for studying power variation across the QZ when the source is moved off-focus.
Figures 1 shows the position of the mirror relative to the sources, as well as the illumination levels at the QZ (sub figure 1b). The blue curve in the sub-figure 1b indicates 2 things about a source at the focus (location1). The first observation is that the nominal QZ is located between y = 0.2 and y=0.5, which coincides with the mirror extents in the y-dimension. This detail is expected. The second observation is that an isotropic source gets transformed to a non-uniform illumination at the QZ. 

Observation 1: The propagation loss between the QZ and a TE antenna located at the focus of an offset parabolic mirror is not uniform across the QZ.
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Figure 1
a: Mirror and source locations

b : Source to QZ power density distortion
Furthermore, the illumination intensity curves corresponding to other source locations inform that the collimated beam moves progressively off the QZ as the source is moved away from focus. In the example locations studied, the beam develops a down tilt, but an up tilt is also possible if the source is moved to a location, say, below and to the left of the focus in figure 1a
Observation 2: Off-focus TE antenna causes beam tilt and a change in QZ illumination pattern in an IFF system.
In figure 2, we observe that the wavefront also starts to deviate from being purely orthogonal to the optical axis. The wavefront shape is consistent with the ‘beam tilt’ observation made earlier.
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Figure 2: Wavefront orientation at QZ due to off-focus source

For a UE’s perspective on off-focus sources, we characterized candidate source locations by their angular locations relative to mirror normal. Note that the focus is off the mirror normal due to ‘offset mirror’ geometry, so it has a non-zero value. In the example studied, the focus is 15.4 degrees below mirror normal, and the other off-focus source locations studied all have lower angular offsets than the focus. In figure 3 we show that the rate of increase beam tilt and the rate of increase in angular offset of the source are very similar, i.e close to 1:1 for the geometry studied.
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Figure 3: Beam tilt due to off-focus source

Observation 3: In an IFF system, there is a one-to-one relationship between beam tilt at QZ and the angular offset between source and focus.
Recall that the nominal QZ location is the illuminated spot in the plane of the QZ when the source is located at the focus of the mirror. In case of our example, the nominal QZ extends from (x=1.5, y= 0.2) to (x=1.5, y= 0.5). Beam tilt causes the illuminated spot in the plane of the QZ to move off the nominal QZ location. When multiple sources illuminate the mirror, the effective QZ size reduces to the common area across the beams from all sources. Beam tilt consequently has the effect of reducing the effective QZ size. See figure 4. The reduction in size is a function of both, the angular offset between source and focus, and the distance of the QZ from the mirror.

[image: image6]
Figure 4: Beam tilt causes QZ size reduction

Observation 4: Effective QZ size reduces when considering beams from multiple non-co-located sources in an IFF system
Now, different UE power classes have different beam shapes, and different beam packing densities. For PC1, 3dB beam widths are expected to be between 5 and 10 degrees as an extreme example. A beam tilt in the range of a few degrees could cause a PC1 UE to select a different beam for an off-focus source, relative to a source at the focus. 
Observation 5: Non-co-located sources in an IFF system can trigger different choice of optimum UE beam facing each source
UE size also limits how close to the mirror the QZ plane can be moved. The radiating face of PC1 device can measure in the 10s of cm in each dimension, which would force the QZ far away from the mirror. This restriction would, in turn, cause much greater reduction in QZ size for a given beam tilt angle, when using multiple sources. These problems would be less serious for PC3 devices.

Observation 6: IFF systems with non-co-located sources can benefit from ‘white/grey box’ discussion that is broken down by power class. PC1 and PC5 may have a different optimum than PC3.
2.2 
Inter-band testing ramifications

The primary dependency of inter-band test set ramifications is the frequency coverage of each antenna in an IFF system with multiple antennae. 

2.2.1 
Single antenna
For bands that can be supported by a single antenna, the condition to evaluate is if the antenna is not at the focus of the mirror. On-focus single antenna IFF systems have already been studied and their MU quantified, and do not need to be considered again in this context. Non-ideal (off-focus) location causes the following problems:

· A shifted QZ due to beam tilt (obs 2). Note however that all bands have the same AoA at the UE. 
· Beam tilt causes the AoA to no longer be parallel to the optical axis. This aspect must be properly considered during system calibration; for example, a directional calibration antenna placed at the QZ must be pointed accurately along the arrival direction for an accurate path loss estimate.

Provided the problems above are accounted for, UEs with either CBM or IBM can tolerate an IFF system with an off-focus source.

2.2.1 
Multiple antennae
The assumption for inter-band testing in this context is that the bands are supported through multiple non-co-located test system antennae. For this set up, the considerations listed in the single antenna case get further complicated.

· A reduction in QZ size due to different beam tilt experienced by different bands (obs 4). 

· Beam tilt causes different AoA for different bands. There are two problems associated with this aspect:

· Calibration for each band will require adjustment of a directional calibration antenna so it is pointed along arrival direction of band being calibrated.

· This set up can be perceived as ‘non-co-located’ gNBs by some UEs, (obs 5)

The calibration step complication, and the QZ size reduction may be surmountable, but the non-co-located gNB implication can cause significant problems for UEs with CBM limitation. 
Observation 7: An IFF test set up with multiple test antennae is feasible for inter-band CA testing of UEs with IBM, but additional considerations must be made, like system calibration procedures, and QZ size characterization.
Observation 8: An IFF test set up with multiple test antennae is feasible for inter-band CA testing of UEs with CBM limitation, but only for band combinations that share the same TE antenna.

A special note is warranted for ACS and IBB requirements – the standard requires that the interferer share the same AoA as the DL band being tested. Fortunately, ACS and IBB interferers are expected to be in the same band as the DL being tested, so it would be natural for the TE to use the same antenna for both. If such is not the case, additional MU would be introduced into the system, which is not preferred.
3. 
Conclusions
Observation 1: The propagation loss between the QZ and a TE antenna located at the focus of an offset parabolic mirror is not uniform across the QZ.
Observation 2: Off-focus TE antenna causes beam tilt and a change in QZ illumination pattern in an IFF system.
Observation 3: In an IFF system, there is a one-to-one relationship between beam tilt at QZ and the angular offset between source and focus.
Observation 4: Effective QZ size reduces when considering beams from multiple non-co-located sources in an IFF system
Observation 5: Non-co-located sources in an IFF system can trigger different choice of optimum UE beam facing each source
Observation 6: IFF systems with non-co-located sources can benefit from ‘white/grey box’ discussion that is broken down by power class. PC1 and PC5 may have a different optimum than PC3.
Observation 7: An IFF test set up with multiple test antennae is feasible for inter-band CA testing of UEs with IBM, but additional considerations must be made, like system calibration procedures, and QZ size characterization.

Observation 8: An IFF test set up with multiple test antennae is feasible for inter-band CA testing of UEs with CBM limitation, but only for band combinations that share the same TE antenna.
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