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1.
Introduction
At the meeting in Athens (RAN4#74) it was proposed to focus somewhat more on conformance test related issues to enable progress on RF core parts. Currently two new OTA requirements defined have been defined for AAS base stations; Radiated transmit power and OTA sensitivity. Even though the requirements are based on far-field parameters such as EIRP and EIS, there are several possible ways of conducting testing. There are established test methods where near-field characteristics are measured. The near-field is then transformed into far-field producing measurement output [5].
This contribution continues the discussion about near-field scanner based test methods and UL testing. Earlier in the discussion a few issues related to the applicability for near-field scanner based methods where raised. This contribution is a revised version of R4-152028 submitted for RAN4#74bis.

2.
Discussion
Parameters such as EIRP and EIS, part of radiated requirements for AAS base stations are defined in the far-field region, following IEEE definitions [1]. It is noted that EIS as such is not yet defined by IEEE, but EIS is based on common definitions used in IEEE. 
Traditionally the far-field was measured directly in out-door far-field test ranges. But as a consequence of physical size and RF interference issues related to out-door testing new compact test methods have been developed.  An approach for measuring far-field characteristics, which allows for the most compact chambers, is the near-field to far-field (NF/FF) method. The field amplitude, phase and polarization are measured in the near-field of the test object, which is operating in a static beam mode. The near-field data is transformed to far-field via analytical techniques implemented in sophisticated software run by an automated computer system, which controls the measurement procedure.

The NF/FF measurement can be divided in following steps:

1. Test object configuration: The test object is configured in a static fashion, where the beam characteristics are fixed, meaning that beam-weights are not changing over the scanning process.

2. Scanning stage: The magnitude and phase of the tangential electric field are measured at regular intervals over a well-defined surface: a plane, cylinder or sphere located close to the test object. 
3. Transformation stage: The sampled electric field is used to calculate the angular spectrum of the plane, the cylindrical or the spherical wave. This spectrum matches closely the radiation field angular distribution. This is called modal expansion of the radiated field. Mathematical analysis gives that the far-field radiation pattern of any aperture surface is the Fourier transform of the aperture field distribution. 
For planer scanner approaches conventional two-dimensional FFT techniques are used to perform this transformation. The principal advantage of the planar NF/FF transform over cylindrical and the spherical one is its mathematical simplicity. Its major disadvantage is that it cannot cover all directional angles. In the ideal case of infinite planar measurement surface, only one hemisphere of the antenna pattern can be measured. Thus, the back lobes and the side lobes of the antenna cannot be measured together with the main beam. Cylindrical and spherical scanner approaches can be used to minimize truncation effects. More information related to NF/FF transformation can be found in [2]. For AAS base station testing spherical near-field scanner methods are of interest since truncation effects are minimized [6].
In Figure 2-1, the scanning process is visualized. A probe antenna takes samples of the electrical field at pre-defined points at a plane parallel to the antenna aperture. The whole aperture must be scanned before the NF/FF transformation can start. This means that for measurement EIRP and EIS at few spatial point requires a full aperture scanning to be done first. 
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Figure 2-1: Near-Field to Far-Field transformation
For radiated transmit power, the EIRP is measured on fixed beams, but for OTA sensitivity all receivers are operating simultaneously optimizing the link quality, which means that the beam is not fixed. Not only the beam-forming weights will be adapted for each probe position, the receiver chain gain (e.g. Automatic Gain Control (AGC) or other control loops) can also be affected, since different receiver will experience different signal levels (especially if the aperture is large). For UL testing, where the probe antenna scans antenna aperture near-field the weighing factors will be changed for each probe position. It is not clear if the output from the NF/FF transformation can be used to characterise the UL. It shall be noted that preliminary test results in [3] is based on a passive antenna with fixed beam. 

For AAS base stations, OTA sensitivity is defined as the combined sensitivity seeing the test object as a “black box”. This means that a test signal power (EIS) impinging at the test object antenna aperture will be associated with a link quality level. The relation between link level and received EIS level is not a linear function, as seen in Figure 2-2. 
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Figure 2-2: Relation between received power and link quality

It shall be noted that the link level performance is also a function of spatial angles, meaning that for E-UTRA, the throughput can be written as Tp(EIS, ,).

The throughput as function of EIS creates an S-shaped function, where the threshold 95% of maximum throughput is very close to saturation. In this region of the curve the relation between throughout and EIS is not linear. Unlike the behaviour at other throughput points (e.g. 50% of maximum throughput), where the relation can be assumed to be semi-linear.

There is a relation between received power level and link quality, but the phase information per probe position is lost. It is therefore not possible to transform perform the traditional NF/FF transformation described earlier in this contribution. 
Figure 2-3 show the available interfaces for an AAS base station in an OTA sensitivity test setup. A test signal, typically an FRC signal is used to stimulate the test object. The test object is mounted according to specified AoA (at bore-sight of at maximum AoA), for each test object placement the test signal level is reduced until the link quality level is reached. When the link quality threshold is met the test signal level is noted. Using the test signal level at the signal generator and calibration factors the true EIS level corresponding to specific link quality threshold can be calculated. 
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Figure 2-3: Test object and Test environment
For AAS base station it is reasonable to believe that the same test interfaces used for conducted reference sensitivity with be used for OTA sensitivity, except that instead of access to ARP connector, the test is conducted as an OTA test. With interface available currently it is not clear how a traditional NF/FF transformation required by a near-field scanner approach will work. Traditionally near-field scanner approaches requires both amplitude and phase information per receiver branch to be able to transform the near-field response into far-field. In [4] a proposal to include a standardized power measurement is presented, which is not included in current standard. 
A near-field scanner samples the spatial domain and transforms the spatial points into far-field. This method requires knowledge about phase and amplitude before the combining and detection algorithm to manage the near-field to far-field transformation. It shall also be mentioned that the NF/FF transformation requires completely linear behaviour from the receiver array. The spatial selection algorithm is not linear and control loops within the receiver are likely to interact with spatial selection processing.  
3.
Conclusion

Near-field scanner based antenna test methods can be adopted for DL characteristics such as radiated output power. However for UL OTA sensitivity it is not clear how near-field scanner approaches will work based on combined sensitivity where the adaptive processing is optimizing the weighing vector for optimal performance.
This contribution has highlighted issues related to traditional NF/FF scanner test methods and UL testing of OTA sensitivity requirement:
1. In UL the beam characteristics is not fixed

2. AGC loops in the receiver array may interact in a non-linear fashion

3. NF/FF transformation is based on a linear transform   

4. Phase and amplitude cannot be extracted from link quality
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