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1.
Introduction
At previous AAS RAN4 meetings, Compact Antenna Test Range (CATR) has been introduced [1] as a potential method for testing minimum performance requirement for radiated output power and radiated receiver sensitivity. During the discussion several comments related to availability, measurement accuracy and complexity have been raised by involved parties. 
This paper continues the discussion about CATR bringing more information related to this test method.

2.
Discussion
A compact range makes direct far-field measurement of electrically large antennas in a shielded anechoic chamber. Typically it uses a large parabolic reflector to project a small radiating source into a far-field. Multiple-feed systems may be used to improve the far-field characteristics. A compact range operates like a regular far-field range; however it allows electrically large antennas to be measured at a significantly shorter distance. Its lowest operational frequency is determined by the size of the reflector, the edge treatment of the reflector and the absorbers. CATR as a method is very similar with a traditional out-door far-field test range. The CATR range distance is reduced by the reflector and the chamber shielding from external interference. The compact implementation enabled by the CATR gives great opportunities regarding the logistics needed handling test objects in an efficient manner is far better than for an out-door test range where two sites are separated by a long distance. 

The performance of a compact range improves over frequencies up to a level determined by the manufacturing accuracy of the reflector. A traditional CATR used for measurement of passive BS antennas, uses a Vector Network Analyser (VNA) to transmit and receive signals. Active testing requires E-UTRA/UTRA signal generator and signal analysers.

An analysis of information found in published papers and reports [4 to 9] has been conducted.  The analysis focused on CATR for testing passive base-station antennas or similar antennas. It can be found that CATR is a method commercially available and used for characterization of gain, side-lobe level and beam-width. The CATR can perform measurements for both transmission and reception. Several manufactures of the equipment required for a complete test range have been identified. Within certain industry segments, such as space and defence electronics, CATR is a common tool for characterising antennas. One main reason for the success within these segments is the need for test facilities capable for handling active antenna measurement where radio and digital processing is part of the test object. Another property unique for CATR is the extremely wide frequency range supported in a controlled radio environment. 
It is also noted that CATR is used at several universities spread worldwide for antenna research and development purposes. The telecommunication industry is using the CATR for developing passive base station antennas. 

In figure 2.1 an example of the presence of CATR facilities is spread worldwide. The map shows only facilities relevant to universities and telecommunication segment. Sites associated with defence and space segment only is not included. Worth mentioning is that the presence CATR facilities can be divided into 3 different categories; Space and defence electronic, university and telecommunication communication. It is reasonable to assume that access to defence and space facilities is restricted, however there are a few companies already offering antenna characterisation services.
The analysis shows that several types of CATR exists covering different parts of the frequency band in the range 300 MHz to 100 GHz. There are also CATR supporting the whole frequency range from 300 MHz to 100 GHz. The map shows only ranges suitable for AAS BS testing with respect to frequency band and test object size. 
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Figure 2.1: Examples of CATR availability
To achieve excellent measurement accuracy in a CATR, the quality and precision of vital components such as the reflector, positioner and absorbers is important. The CATR available on the market today is not optimized for base-station antennas. The development has been driven by the defence segment where the size in terms of weight and volume of the test object is important parameters.  Several facilities are designed to handle different types of vehicles, such as airplanes and cars. It is reasonable to assume that maximum values for volume and weight for future AAS BS will be smaller. Making the CATR attractive for testing AAS BS testing support for automated tests is vital. When a test object is placed at the positioner and alignments have been performed, the test sequence is initiated. The complete test is performed stepping through a test sequence with different horizontal and vertical angles in a pre-defined grid for all required frequencies.
Measuring the maximum EIRP is a matter of finding the peak of the main-beam. If the test object is aligned well then the scanning range can be minimized and reduced over all test time. The overall test time will scale with the number of frequency channels included in the test. We estimate the overall test time required for measuring EIRP is 4 hours including , test object alignment, calibration and measurement for low, mid and high channel. . The overall test time for EIRS is longer since the received signal level is measured via signal quality (often related to a certain BER value) for every spatial point in the grid. A consequence is that the testing time for EIRS is long than EIRP. The estimated time for EIRS is 8 hours. 

When EIRP and EIRS are measured it is vital to consider definition of gain and directivity as given by IEEE [2]. This is particularly important to note for the specification of gain, as the IEEE definition of the gain in a specific direction is referred to as “4 times the ratio of the power radiated per unit solid angle in that direction to the net power accepted by the antenna”, whereas the gain in other sources presented as related to the power available at the antenna. This later definition is referred to as the realized gain and is not the same as the gain as it will include losses due to mismatch at the antenna input terminals. The directivity in a specific direction is defined by IEEE as “4 times the ratio of the power radiated per unit solid angle in that direction to the total power radiated by the antenna”. Hence, when using the IEEE definitions for gain and directivity the differences between these quantities represent purely internal losses of the antenna. The directivity of an antenna can be determined from antenna measurements when the full field pattern has been found, while a determination of the gain will require additional measurements. Hence, when comparing the measurements of directivity and gain from the different facilities it is expected that that the determined directivities will correspond better than the determined gains due to additional inaccuracies introduced in the gain measurements. The expected increase in the gain difference over the directivity difference can then be attributed to differences in how gain is determined between the facilities or possible differences in the gain definition. The gain calibration of the CATR is vital to achieve measurement accuracy relevant for testing minimum requirements for radiated output power and receiver sensitivity. In the calibration process a reference antenna with well-defined gain often referred to as standard gain horn (SGH) is used. 

The gain uncertainty of the reference antenna is one of the largest contributions to the uncertainty budget. As mentioned in a companion contribution [3], National Institute of Standards Technology (NIST) have developed a 18-term error assessment for near-field scanner based methods. This approach has also been adopted for CATR as well. To apply this to CATR several techniques in literature out today have developed measurement errors into N-term budget.
3.
Conclusion

This paper indicates that CATR is a commercially available and spread method used to characterize all sorts of passive antennas including BS antennas. Modifications of CATR are required to adapt if for active measurement applicable for AAS BS. The modifications are related to setup of RF instrumentation, such as signal generators and signal analysers. 
From open information sources it can be concluded that the compact range is spread worldwide commonly used for defence and space-industry, however there are several companies developing passive base-station antennas investing in this type of antenna test range. 

The initiative by NIST with an uncertainty budget can be translated for CATR. This is a vital tool specifying test methods in conformance specification. AAS BS facilities new features based on active cell-specific beam-forming in an integrated product, it is vital to define proper test coverage and identify proper test methods. 

CATR is a strong candidate for testing radiated output power and receiver sensitivity for AAS BS. It is reasonable to assume that if 3GPP defines radiated requirements for EIRP and EIRS the number of facilities supporting 3GPP frequency bands will increase and an eco-system of service companies will be created offering AAS BS testing.  
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