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1.
Introduction
At previous meeting (RAN4#68) in Barcelona a contribution treating the compact antenna test range (CATR) was submitted [1]. As a continuation of the discussion related to high accuracy measurement methods for testing EIRP and EIRS characteristics associated with an AAS BS, we continue with this contribution that treat Near-Field scanning methods. Near-Field scanning measurement methods are used by the industry for measurement of characteristics related to passive base station antennas. This contribution will present an overview of Near-Field scanning methods and complications and challenges identified when they are used for active antennas measurements required for AAS BS testing. 
2.
Discussion
Currently, different test methods correlate to two different regions used to measure antennas. The Far-Field region, also referred to as the radiating Far-Field or the Fraunhofer zone, is defined as the zone where the pattern does not change with distance. Although there is not a strict definition of the Far-Field, one common approximation for electrically large antennas mathematically represents this area as: 
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, where d is the distance from the test object to the measurement antenna, D is the diameter of the antenna and  is the wavelength. Like the Far-Field, the Near-Field is also not formally defined, other than saying that the Near-Field is anything that is not in the Far-Field. 
The radiation behaviour of antennas is characterized by their Far-Field radiation pattern. Base stations antennas, which are large in terms of the wavelength, develop their Far-Field radiation characteristic in a large distance from the test object. This influences the antenna measurement capabilities significantly since large anechoic chambers would be required to carry out Far-Field measurements within controlled indoor facilities. Using a CATR as described earlier the size of the anechoic chamber can be reduced. An alternative approach to Far-Field based methods is antenna Near-Field measurements in combination with a Near-Field-to-Far-Field transformation.

Three principles of Near-Field scanning methods are available and used for measuring antenna characteristics as showed in Figure 2.1. The methods are differentiated by the way how the probe is positioned and moved around the antenna aperture. 
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Figure 2.1: Different types of Near-Field scanning methods.
· Planar Near-Field scanner

In the planar scanning technique, a probe antenna is moved in a plane situated in front of the test object and the received signal is stored for later processing. During the scanning the distance between test object and measurement plane is kept constant while the probe is scanning in a plane in front of the test object. The planar Near-Field scanner approach will be limited in both vertical and azimuth pattern due to the truncation of scanning.
· Cylindrical Near-Field scanner

In the cylindrical scanning technique, the test object is rotated around its central axis, while the probe is moved on the cylindrical surface at various heights. The cylindrical scanning method enables obtaining the exact azimuth pattern but limited elevation pattern due to the truncation of the scanning in height direction. 

· Spherical Near-Field scanner

In the spherical scanning technique the test object is rotated around it central axis in steps and the probe is moved on a circular track in steps. The advantage of spherical scanning is that it delivers the full extent of the test object three dimensional radiation pattern.

As mentioned above three major types of Near-Field test ranges are available and used by the antenna industry. The choice is primary determined by the antenna to be measured. The planar system is suitable for high-gain and flat antennas, since the radiated field is mainly restricted to a plane. In general the cylindrical system fits antennas if the truncation error is small. It gives the radiation pattern in the azimuth plane, but truncated pattern in elevation. The spherical system is suitable for antennas with controlled side-lobe levels and front-to-back ratio in the entire space. However the Near-Field-to-Far-Field transformation and probe compensation associated with cylindrical and spherical scanning requires complex computations. Depending on antenna type an appropriate scanner method is selected. For testing base station antennas it is suitable to use a spherical Near-Field scanner method, which captures both elevation and horizontal characteristics that are relevant for cellular network planning.
In a Near-Field scanner approach a measurement probe will not measure the field in one point on the surface; instead the field is filtered by the probe-response. If this probe-response is known it is possible to compensate for it and calculate the field on the surface. The Far-Field is calculated from the near-field measurements using Huygens principle aka. surface integral representation of the far-field . For a planar scanning approach this algorithm reduces to a two dimensional FFT, but the other cases cylindrical and spherical vector waves is used making the transformation a bit more complex. More information about Near-Field-to-Far-Field transformation and probe compensation can be found in [2, 5].
A method for measuring EIRP to the general one is simpler and requires fewer measurements. In this method it is not necessary to measure gain to compute the EIRP. Instead we measure radiated power out of the antenna directly. Since we are in the Near-Field, the power measured at any one point is not sufficient to determine EIRP, however a complete scan and an antenna measurement system calibrated in dBm and probe compensation will be sufficient. More details can be found in a reference document [3]. When the methods above is used to measurement antenna characteristics related to passive base station antennas usually a CW signal is used. The measurement accuracy of Near-Field scanner presented in this contribution is on par with measurement accuracy achieved in a compact antenna test range. More information related to error analysis techniques for planer Near-Field measurement can be found in [4]. A CW signal is normally used for passive antenna measurement is any antenna test range. However for active measurement as discussed in RAN4 requires modulated signals corresponding to UL and DL for RAT supported by test object. For EIRP measurement using a Near-Field scanner based methods Near-Field-to-Far-Field transformation and probe compensation processing must be able to handle a modulated signal, typically OFDM modulated signal where the bandwidth is 5, 10, 20 MHz for E-UTRA. 

The Near-Field scanner approach can be used for measurement receiver antenna characteristics for passive antennas where a CW signal is measured and record per probe position. However for EIRS the measurement will be more complex, since a throughput or BER level is used as a threshold. The throughput and BER characteristic as function of received signal level is not a linear function it is not easy to understand how Near-field-to-Far-field transformation shall be realized.
3.
Conclusion

Near-Field scanner measurement methods could be an interesting alternative to CATR when measuring EIRP and EIRS characteristics of an AAS BS. Near-Field scanner methods are used for passive antenna measurements, however understanding of how these methods shall be adapted to active testing of EIRP and EIRS must be studied further.
 Following issues must be resolved:

· Near-Field-to-Far-Field transformation must be capable of handling non-CW signals.

· EIRS level is associated with a BER/BLER or throughput level. If a transformation for EIRS not can be found then Near-field scanner approaches can’t be used for EIRS measurements.
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