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1.
Introduction
This is an extended version of a contribution submitted for RAN4#68 in Barcelona [7] describing Compact Antenna Test Range (CATR) and the associated measurement accuracy. 
In RAN4 AAS SI meetings OTA testing of AAS BS have been discussed extensively. Several OTA test methods have been presented with associated pros and cons. All test methods have been captured in section 8 of the SI technical report 37.840 [1]. Regarding the WI the discussion have been focused on core requirements, however to be able to finish the WI in time we need to start the discussion about conformance testing in parallel with the RF core requirement discussion. So far the WI discussion has not touched on the interesting topic of measurement accuracy and repeatability related to OTA testing. Different methods are associated with different performance in terms of measurement accuracy, repeatability and test time.

This contribution will present a description and indication of expected measurement accuracy for CATR used for OTA testing of AAS BS systems.  

2.
Discussion
In an earlier contribution [2] submitted to RAN4#67 test-methods listed in the SI TR was grouped into conducted respective radiated testing. Eventually it is possible to perform combination of conducted and radiated testing with maintained measurement accuracy [3]. This paper will only focus on radiated testing of output power and receiver sensitivity using a CATR.
From mobile operators point of view EIRP and EIRS as core requirements will have impact on the cell planning and directly coupled to the cell. To be relevant as RF core requirements it is vital to have relevant accuracy requirements associated to testing of EIRP and EIRS. Measuring passive BS antenna characteristics in a controlled fashion with high accuracy the compact far-field range have been adopted by the industry. This type of antenna test range is very suitable for active antenna characterization as part measuring EIRP and EIRS capabilities of an AAS BS. Active measurement requires utilization of modulated signals relevant for a typical deployment scenario. As a starting point we suggest to use the same signal configuration used for maximum conducted output power measurement and reference sensitivity. 

Since an out-door environment is uncontrolled in terms of radio interference and that transmission permit is required from regulatory body this paper will focus on in-door antenna test ranges and more specific in-door CATR. An in-door CATR will combine acceptable required physical size with excellent measurement accuracy properties, it shall be mentioned that other test approaches also exists, such as spherical near-field [8]. 

An antenna measurement requires that the device under test to be illuminated by a uniform plane wave. This requirement is achieved in the far-field for range length 
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, where D is the physical length of the aperture and  is the wavelength. In many cases the far-field distance is very large. A CATR creates a plane wave field at distances considerably shorter than those needed for conventional far-field testing using a reflector as showed in Figure 2.1.
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Figure 2.1: CATR principle sketch
The CATR is usually small enough so the implementation can be accomplished indoors. A typical compact range configuration for base-station antennas is presented in [4, 5 and 6]. It can be noticed that the quiet zone is a cylinder diameter 3 m and length 3 m, which expects to hold normal size AAS BS.

In a CATR a uniform wave is generated by a large parabolic reflector at the far end of the anechoic room. The parabolic reflector provides the means to convert a spherical phase front from the feed into a planar phase front close to its aperture. The device under test may be located near the aperture of the reflector in order to be illuminated by a uniform plane wave. The measurement accuracy will be affected by a number of factors: aperture blocking, surface accuracy of reflector, edge diffraction, depolarization effects, direct coupling and room reflections. The aperture blocking is reduced by using an offset reflector system. In the design of the main reflector the surface accuracy is chosen to be very stringent to reduce the amplitude and phase variation of the reflected plane wave. The edge diffraction is reduced by using different techniques (e.g. rolled edges). Direct coupling between the feed ant the device under test is reduced by a proper chose of geometry and shielding. The room reflections are minimized by using absorbing materials on the walls, floor and roof.

An additional type of error in any far-field ranges is caused by the finiteness of the antenna range length. The exact radiation pattern is defined for infinite range lengths, while in a practical range the length is finite. The finiteness of the range introduces a phase error on the antennas aperture, which perturbs the measured radiation pattern. Not exactly plane wave illuminating the device under test. The impact on radiation pattern characteristics is null-filling and increased side-lobe level. The range surface irregularity affects the ground reflections and causes phase and amplitude variations along the tested antenna aperture. The ripple can be measured by probing the field at the receiving end on the tested antenna aperture and it can be minimized by taking special care of range smoothness. This type of error is especially important in a full reflection range.

The test time to measure to calibrate the test range and measure EIRP at a few spatial point finding maximum EIRP will require approximately 1 hour per frequency band, assuming that EIRP is measured for low, mid and high channel of a specific frequency band. From reference document [4] it can be noticed that the typical amplitude and phase ripple in the quiet zone is 0.32 dB respectively 3.3 degrees. Which relates to a measurement error level as presented in [5] to be below -35 dB at 800 MHz and below -42 dB at 1800 MHz. This measurement accuracy is also sufficient to measure beam-quality characteristics such as beam-width and side-lobe level.
3.
Conclusion

The concept within the scope of compact far-field test range for testing of radiated RF core requirement for AAS BS is very promising. It is expected to believe that the measurement accuracy using this method is limited within +/-1 dB for EIRP, while the measurement accuracy for EIRS needs to be studied further since the accuracy is dependent on reference signal and amplitude step size and BER/BLER threshold. 

Observe that the measurement accuracy is for a high performance compact range is less than the measurement accuracy for conducted output power. It is not relevant to just transform the measurement accuracy from the conducted level direct to radiated measurement accuracy as is without consideration of the impact on network planning level. How consistence to conducted requirements shall be handled is for further studies. 

This paper point out the capability to use a compact far-field test range for testing radiated RF core requirements for AAS BS, since the methodology is commercially accepted for passive BS antennas, high accuracy, in-door and capable of handling active antenna systems. However other test ranges exists and should not be excluded as long as the accuracy and repeatability characteristics are sufficient for AAS BS testing.
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