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1. Introduction

During 3GPP RAN4 #84, a way forward for 5G NR UE testability was approved [1]. The “black box” approach was selected. It means that there won’t be any detailed information about the location of the antenna arrays on the DUT. It was then agreed to quantify the uncertainty for the “Offset of DUT center from the center of QZ”. 
This contribution aims to provide an overview and the impact of this uncertainty on the overall measurement uncertainty for the different testing methodologies such as direct Far- Field (baseline setup), non-direct Far Field CATR, and Near Field. 
2. Background
The uncertainty due to the DUT offset from the QZ centre can vary based on the knowledge of antenna array position embedded in the DUT. This was considered as a black box vs white box approach [1,2]. Anyway, the group has decided to go with the “black box” approach.
In this specific case, it was shown in [3] that this uncertainty has one of the biggest impact in the whole MU budget. This uncertainty was further investigated and some figures were proposed in [4-5].
3. Overview 
In this section an overview of the uncertainty contributor is provided with the aim of showing the impact of this uncertainty for the different test methodologies when measuring single points quantities such as both EIRP (TX measurements) and EIS (RX measurements).
3.1 Direct FF – Baseline setup
In figure 1 a drawing showing two possible test scenarios for TX and RX tests is reported:
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Figure 1. Direct –FF test scenarios

This was taken from the contribution [4] which was presented by RnS during RAN4 #84. Antenna Array displacement is d1 and d2 with d2>d1 for respectively A1 and A2. 
In this situations we have that the power transmitted (received) at position A2 is lower than the power transmitted (received) at A1 and the delta is around 20*log((d+Δd)/(d-Δd)). In table 1 the power level difference between A1 and A2 is reported for different (d, Δd) pairs:
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Table 1 – Power levels difference A1vsA2

3.2 Non-Direct FF – CATR
In figure 2, and 3 the test scenarios A1 and A2 are reported for RX tests and TX tests respectively:
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Figure 2. CATR – RX tests scenarios A1 and A2

The QZ is within the collimated beam. There are no free space losses between the reflector and DUT. The only path loss is between the feed and the reflector so since this distance is fixed, this path loss can be easily calibrated. The final spatial attenuation is equal to 1/Fleff^2, where Fleff=effective focal length =(2*Fl)/(1+cos(offset)). It means that the distance from the QZ to the reflector is longer than the Fl=focal length. In a state of the art CATR, the offset is typically set to 27deg by design [6], so that the Fleff=1.058*Fl.
As a consequence of this, if you move the DUT within the QZ, there is no change in the path loss so the power received in A1 is equal to power received in A2. The associated uncertainty is then 0dB.

However, due to diffraction from the reflector, the field distribution in the Quiet Zone is not perfectly uniform. Therefore there will be some variation for the amplitude and phase of the received field. Typical amplitude variations are less than 1 dB within the Quiet Zone and can be estimated by the QZ ripple test [7].
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Figure 3. CATR – TX tests scenarios A1 and A2

The following assumptions can be considered:

· Reciprocity

· For a CATR the reciprocity is valid

· Path loss calculation is identical to the RX case

· DUT will have a radiation pattern which can be described as a series of plane wave propagating in different directions.  The particular plane wave propagating along the reflector centerline will be focused on the reflector feed. Figure 4 does show this:
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Figure 4. CATR – Radiation Pattern measurement when TX by DUT

· By rotating the DUT in the QZ, the reflector moves a particular point of the FF pattern along the CATR feed
· No matter what the distances from the reflector are, the power received from the feed is the same.

· The final spatial attenuation at the feed is equal to 1/Fleff^2, where Fleff=effective focal length.
Based on the above assumptions the associated uncertainty is 0dB.

To better understand the above, mainly for the TX case – DUT transmitting, in Figure 5 the CATR power transfer function is given [8]:
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Figure 5. CATR – Power Transfer Function
Blue and Red lines are representing the DUT receiving and transmitting respectively. In the discussion we assume that all sources are isotropic point sources. This assumption can be generalized to real sources since any real source can be expanded in a number of isotropic sources.
When transmitting from the QZ (TX case – DUT transmitting) the spherical wavefront is imaged by the lens/reflector in the focal point with the general magnification factor so that the below equations are valid:
· Loss up to the reflector -> 1/R^2

· Gain up to the reflector -> (R/Fleff)^2 -> magnification factor (R/Fleff) where Fleff=effective focal length 
· Total gain -> 1/R^2*(R/Fleff)^2=1/Fleff^2

When transmitting from the focal point – Fp  (RX case – DUT receiving) the spherical wavefront from the feed is become a “perfect” plane wave after the lens/reflector. The final attenuation is equal to 1/Fleff^2.

It was shown that in both cases the attenuation in the system is proportional to the free space path loss provided by the distance from the feed and lens/reflector. The attenuation is independent from the distance to the QZ.
3.3 Near Field
In case of the Near Field setup, the DUT radiation pattern is measured in Near Field and then the Far Field radiation pattern is computed by using the Near Field to Far Field transformation. During the mathematical process, the calibration is applied so that the transmitted power (EIRP) and received power (EIS) are transformed from dB to dBm. 
In Near Field measurement, the radiated field is sampled on a sphere surrounding completely the DUT. The near field measurement technique would imply the use of mathematical artefact, NF to FF transform in order to have the EIRP value in far field. The near field to far field transform is based on the well-known Huygens-Fresnel principle. The spherical modal wave expansion is the implicit application of the Huygens principle. A direct solution of the Helmholtz equations is found by applying boundary conditions on the surface S at infinity. From the tangential fields over the surface, the modal coefficients can be determined using the orthogonality of the modal expansion. Based on this formulation, the near field sampling criteria does play an important role. The minimum number of sampling points is defined from the DUT minimum sphere dimension such that the NF points over the measurement sphere should at least equal:
                                                                        (π*Rmin^2)/(0.5*λ)^2                                     [9-10]
Where Rmin=radius of the minimum sphere surrounding the DUT. It has to be noted that the number of samples in Near Field doesn’t depend on the system range length. Figure 6 shows an example of Near Field measurement when the DUT is offset on the X axis from the reference coordinate system:
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Figure 6. Spherical Wave Coefficients (SWC) graphical representation
From the graphical representation of the SWC can be observed that:
· The DUT far field pattern remains the same
· The DUT far field phase changes with a vector component defined by the displacement of the reference coordinate system

· The number of spherical wave that are needed to fully represent the antenna increases.  
· The minimum sphere increases ( the number of field samples increases. 
It means that if the above criteria is respected during the near field acquisition, there is no uncertainty due to the DUT offset from the reference coordinate system (center of the QZ).
4. Conclusion

An overview of the uncertainty due to the DUT offset from the QZ center was provided. The impact of such uncertainty on the whole measurement uncertainty for the three testing methodologies (direct – Far Field, Non-direct FF CATR, and Near Field) has been studied. For CATR and NF the uncertainty is negligible while it has an impact for direct –FF setup.
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