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1.    Introduction
In TR38.810 [1], far-field method is the baseline methodology for NR UE at high frequency (f > 6 GHz), however far field anechoic chamber needs large measurement distance. Compact antenna test range (CATR) method maybe can be seen as a candidate solution to reduce measurement distance for some special parameters required for NR. Single reflector is normally utilized for CATR-based measurement [2].  For the single reflector CATR, the use ratio of the panel is about 40%, which is relatively low. In contrast, the cross polarization is relatively high. 

This contribution provides an insight on the double-reflector CATR, which is uses two reflectors. For the test results, both panel use ratio and cross polarization are improved.  
2.    Background
The ultimate goal of CATR is to get a plane wave environment within limited space. Specifically, based on the precise reflector or microwave lens, the spherical wave is transformed to the plane wave in a short distance. The resulting plane wave can adequately meet the requirements of the antenna and the RCS measurements.  Compared with the traditional FF, CATR has the advantages of saving space and low noise.
Based on the number of the reflectors, the CATR can be divided into the single reflector CATR and the double-reflector CATR. The single reflector CATR has only one reflector, and the geometry structure is relatively simple. In [2], the single reflector CATR was analyzed in detail. Nevertheless, the use ratio of the panel is relatively low. In addition, the cross polarization is relatively high, which is about -30dB. The double-reflector CATR has two reflectors. The spherical wave from the feed is firstly calibrated by the sub-reflector. Then, it is calibrated by the main reflector, and eventually is changed to a plane wave. Due to the compensation of the sub-reflector, the performance of the Quiet Zone (QZ) and the cross polarization are better than the single reflector CATR. At present, there are three main types of double-reflector CATR.

a) Double cylinder CATR
In this CATR, as shown in Figure 1, the spherical wave from the feed is calibrated by two cylindrical parabolic cylinders. The ratio between focal length and diameter of the main reflector is larger than that of the single reflector CATR, which can reduce the inhomogeneity of the spatial attenuation. On the other hand, the cross polarization is relatively reduced.  But the cross polarization caused by the geometric structure still cannot completely eliminated. 
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Figure 1. Double cylinder CATR
b) Gregorian CATR
 In this CATR, the sub-reflector is an ellipsoidal reflector, and the main reflector is parabolic reflector. As shown in Figure 2, the feed and the image focus are the two focus of the sub-reflector. The spherical wave is converged to the image focus after calibrated by the sub-reflector. Then, the spherical wave from the image focus is transformed to the plane wave after calibrated by the main reflector. The structure of the main reflector is similar to the single reflector CATR. Hence, the current single reflector CATR can be easily transformed into the Gregorian CATR, and obtains the improvement of the QZ performance. 
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Figure 2. Gregorian CATR
c) The front fed Cassegrain CATR
In this CATR, the sub-reflector is a rotating hyperboloid, and the main reflector is a rotating paraboloid. As shown in Figure 3, the spherical wave from the feed is calibrated by the sub-reflector. Then, the spherical wave from the sub-reflector is calibrated by the main reflector and transformed to the plane wave. Theoretically, when the structure parameters are satisfied some certain symmetry conditions, the cross polarization can be eliminated completely. In practice, because of some uncertain factors, such as machining accuracy, edge diffraction, darkroom, etc., the cross polarization cannot be zero. But it is still lower ran -40dB.
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Figure.3 Front fed Cassegrain CATR
3.    Test Results 
In this section, we consider the front fed Cassegrain CATR to carry out the relevant test. In the front fed Cassegrain CATR, the QZ size is Ф0.8 m×0.8 m. In addition, the main surface diameter Dm=1.440m, and the distance between the QZ and the main reflector L=2.16m.
The test results are shown in the following table. In each band (X, Ku and Ka), there are three frequency. In the table below, we mainly focus on three indicators, which are amplitude fluctuation, phase fluctuation and cross polarization.

	Band
	Frequency

(GHz)
	Results

	
	
	Vertical direction
	Horizontal direction

	X
	8.5
	1.01/11.7/-33
	2.32/16.5/-34

	
	10
	1.19/12.7/-38.5
	1.78/12.6/-39.2

	
	11.5
	1.28/13.9/-31
	1.53/12.8/-32

	Ku
	13
	1.05/9.2/-33.4
	

	
	15
	1.24/8.1/-35
	

	
	17
	1.46/5.9/-32.5
	

	Ka
	28
	0.90/13.4/-39.3
	2.19/19.5/-38

	
	32
	1.00/10.7/-40.9
	1.41/19.3/-36.2

	
	38
	0.87/12.0/-38.5
	1.72/23.4/-37.5


Table 1.  The test results of the vertical polarization
4.    Conclusions
From the test results based on the front fed Cassegrain CATR, we can get the following features.

1) The panel utilization is relatively high. The panel utilization of the front fed Cassegrain CATR can reach 60%, and the single panel CATR can only reach about 40%. Therefore, for the same size of the reflective surface, the front fed Cassegrain CATR can obtain larger QZ.
2) Due to the effects of ambient and direct leaks, the cross polarization did not fall below -40dB, but still better than the one of single panel CATR. In addition, in the high frequency, the cross polarization has significantly reduced if the test error is ignored. 
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