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1.
Introduction
Non co-located TE test antennae in IFF systems are being studied to determine feasibility for DL inter-band CA verification. In this contribution we investigate the impact of non-co-located test antennae on CBM UEs.
2. 
Discussion
A previous WF [1] concluded that ‘the offset test antenna method is feasible for IBM at least for the configurations for which UE RF core requirements are currently defined’. It also identified the following open issues:
· Impact on QZ size and quality

· Potential to trigger different choice of optimum UE beam facing each source and impact on beam management performance

· Applicability of potential power class specific manufacturer declarations (e.g. PC1 and PC5 may have a different optimum than PC3)

· Feasibility of the solution for inter-band CA with CBM

· Feasibility of the solution for inter-band CA with band n262 

We discuss some of these issues further by evaluating QZ quality for multiple source locations. In our study, we maintained a similar angular offset across multiple source location candidates but changed the distance between the mirror and the source, to understand the effect of offset sources.
2.1 QZ size and quality

In [2] we showed that beam tilt causes reduction in size of QZ that is common to all source locations. This mechanism is intuitive and can be pre-compensated during design of the test system.
The matter of QZ quality however involves more complexity. As a first approximation, QZ quality can be quantified by the illumination distribution from a hypothetical constant density source illuminating the mirror. Here it becomes evident that angular offset of the antenna alone is not enough to determine illumination distribution. See figure 2.1-1. Locations 2, 3 and 4 all have approximately the same angular offset (<0.5 degree difference), but their QZ illumination can be made better or worse than that of the on-focus source by adjusting mirror to source distance. In our graphic example, the source location closest to the mirror has the least variation QZ illumination. 
It is therefore possible to recover desired QZ illumination by adjusting the source location distance from mirror in concert with angular offset. As we show later in the discusion of wavefront shapes however, there are other constraints governing offset source to mirror distance.
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Figure 2.1-1a: Mirror and source locations. Locations 2, 3 and 4 have similar offset
Figure 2.1-1b: Locations 2, 3 and 4 cause different illumination distribution at QZ
Observation 1: For a given source antenna angular offset, it is possible to optimize the QZ illumination by adjusting distance between source and mirror 
2.2 Propensity to trigger incorrect beam in UE

The primary mechanism that can mislead CBM UEs is band-specific beam tilt in the test setup. We previously showed [2] that beam tilt at the QZ is roughly 1:1 with source angular offset. In the spherical coverage space of a UE, beam tilt becomes a significant problem for beam management at beam boundaries. The impact to measured performance is directly related to probability of finding a beam boundary during 3D search. Beam tilt therefore penalizes UEs with dense beam packing (i.e more beam boundaries).
Observation 2: Band-selective beam tilt penalizes CBM inter-band UEs with dense beam packing. 

Dense beam packing is often associated with UEs with good spherical coverage. It can be reasonably argued that the impact of beam tilt in this context is worse for UEs with better spherical coverage. This problem does not have a systematic effect across all UE designs and therefore difficult to overcome.
Another important characteristic of a far field scenario is a nearly planar wavefront. Figures 2.2-1 shows the deviation from planar wavefront at the QZ when the source is moved off-focus. As before, in the figures below, locations 2,3 and 4 have similar angular offset, but differ in mirror to source distance. The figures show that there is an optimal distance from the mirror for any angular offset of the source, for the wavefront to appear planar at the QZ. 
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Figure 2.2-1: Wavefront orientation at QZ due to off-focus source

Observation 3: For a given source antenna angular offset from focus, it is possible to flatten the wavefront by optimizing the distance between source and mirror. 

We also note that positioning an offset source at the optimal distance referred to in observation 3 may not result in optimal illumination density of the QZ. From a beam management standpoint however, it is more important to ensure quality of the wavefront given that the deviation in illumination density seems minor. (Explanation: Position 3 is close to the optimal point, as witnessed by its nearly flat wavefront in figures 2.2-1. In figure 2.1-1b, illumination density curves of location 3 and location 1, the focus or ‘ideal location’, track closely)

The figures 2.2-1 also reasonably predict that the non-linear phase variation varies with frequency. Ergo, it is advantageous to reserve the ideal location (focus) for the antenna serving the highest frequencies and use offset locations for antennae serving lower frequencies.
Observation 4: It is advantageous for the antenna serving the highest frequency to be prioritized for ideal (on-focus) location.

2.3 Feasibility of the solution for inter-band CA with CBM 

Observation 2 captures a serious problem with utilizing an offset antenna approach for UEs that employ CBM. The mechanism impacts a UE’s beam management differently based on probability of finding a beam boundary. Beam boundaries are intimately tied to UE design, so ultimately, the effects of offset antennae for CBM testing will manifest differently from UE design to UE design.
Put another way, it is not feasible to expose the UE to band-selective beam tilt and simultaneously put reasonable bounds on MU. We therefore re-iterate observation 8 in [2] as a proposal:
Proposal: 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.

3. 
Conclusions
Observation 1: For a given source antenna angular offset it is possible to optimize the QZ illumination by adjusting distance between source and mirror.

Observation 2: Band-selective beam tilt penalizes CBM inter-band UEs with dense beam packing. 

Observation 3: For a given source antenna angular offset from focus, it is possible to flatten the wavefront by optimizing the distance between source and mirror. 

Observation 4: It is advantageous for the antenna serving the highest frequency to be prioritized for ideal (on-focus) location.

Observation 2 implies that it is not feasible to expose the CBM UE to band-selective beam tilt and simultaneously put reasonable bounds on MU. 

Proposal: 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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