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1. Introduction
The key parameters that have to be measured for AAS are EIRP, EIS and the antenna pattern. In [1] a novel method for a one dimensional compact range chamber has been proposed. The method uses a one dimensional probe antenna for the generation of a quiet zone, where the radiated wave has a quasi plane wave character. The main advantage is a reduced chamber size and a simplified probe system replacing the standard mirror feed horn set up. 
In [1] the focus has been on the general description of the measurement setup. Since the quiet zone exhibits cylindrical wave fronts, the size of antennas that can be measured is limited by the curvature of the wave fronts. Special care must be taken regarding multi column antennas, because of their relatively large widths. In the present document, the applicability of the setup to measure multi column antennas is discussed. In particular, the measurement accuracy and the maximum antenna dimensions that can be measured are estimated.

2. Discussion
The principle of the one dimensional compact range, as proposed in [1] is based on the generation of a cylindrical wave by a one dimensional antenna array. For a more detailed description of the setup, we refer to [1]. In this document, the application of measuring multi column BS antennas with the setup is discussed. Figure 1 depicts the measurement setup in top view for an exemplary antenna under test (AUT) with three columns of radiators.
                     [image: ]      [image: ]    
Figure 1: Geometry of measurement setup for AAS for an exemplary AUT array with N = 3 columns.

Phase Deviations
Regarding the measurement of multi column antennas, the setup suffers from the cylindrical wave character, which leads to amplitude and phase deviations at the different columns compared to plane wave incident. The maximum phase deviations occurs when measuring the AUT in broadside direction. In order to estimate the measurement accuracy, the maximum phase difference between the central radiator column and the outermost column is determined. Figure 2 depicts the results for typical operating frequencies as a function of the array width D for a quiet zone at a distance of r = 4 m from the probe antenna. 
[image: ]
Figure 2: Phase deviation vs. array width D
According to the Fraunhofer far field criterion a maximum phase deviation of  between center and edge of the array is tolerable. Applying this value, Figure 2 shows that the maximum array width, which can be measured, lies between approx. two and four wavelength, depending on the frequency. The maximum array width D can be determined according to
.						(1)
In combination with a common column spacing of /2, as a rule of thumb, the measurement is limited to antennas with a maximum number of columns of:
				(2)
The table below summarizes the results for a measurement distance of r = 4 m and typical operating frequencies. The values clearly show that the measurement of practical relevant multi column antennas is possible. 
	Frequency
	Max. number of columns
	Array width D

	700 MHz
	5
	0.86 m

	1800 MHz
	7
	0.5 m

	2600 MHz
	9
	0.46 m



Table 1: Maximum number of columns that can be measured with the one dimensional compact range and corresponding array width D

Amplitude Deviations
The maximum amplitude deviation occurs in the direction of the array, since here  is maximal. Assuming a cylindrical wave front, the amplitude deviation between the two outermost array columns equals
			(3)
Figure 3 depicts the amplitude deviation for a distance r = 4 m depending on the array width D. For typical array widths the maximum amplitude deviation is  always lower than 1 dB. In broadside direction this error is even significantly lower. 
[image: ]
Figure 3: Amplitude deviation vs. array width D

The considerations above all relate to deviations between different radiator columns only. In the following, the impact on practical antenna pattern measurements will be discussed. 

Impact of amplitude and phase deviations on antenna pattern measurements
The total pattern of the array under test in the horizontal plane can be calculated as a coherent superposition of the field coming from the individual columns. In order to estimate the measurement accuracy this has been done for the antenna arrays specified in Table 1, since they represent the worst case regarding the Fraunhofer criterion. Here, a Gaussian pattern with a half power beamwidth of 65° has been assumed for the single columns. 
The resulting patterns has been calculated for a distance of r = 4 m and is compared with the expected far field patterns (see Figure 4). The figure shows results for a main beam in broadside direction and a 40° beamsteering example. Regardless of the frequency, the agreement between the 4 m case and the far field results is very good for the main lobe with no significant deviations. The only deviations compared to far field measurements are observed at the nulls of the antenna patterns. Here, field contributions with almost equal amplitudes interfere destructively in the far field. In the case of the compact range the nulls are less pregnant, which is mainly caused by slight amplitude deviations between the different columns as described above. Nevertheless, the agreement is very good over the complete angular range.
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Figure 4: Comparison between predicted pattern measurement results in the horizontal plane. Left: Main lobe in broadside direction. Right: 40° beamsteering of main lobe.



3. Conclusion
In this paper we have shown, that it is possible to measure multi column BS antennas accurately with the one dimensional compact range method as described in [1]. 
The number of columns that can be measured at an AUT-probe distance of r = 4 m increases with frequency:
· Based on the Fraunhofer far field criterion for  column spacing:
· columns @ 700 MHz
· columns @ 1800 MHz
· columns @ 2600 MHz
The only deviations compared to far field measurements are observed at the nulls of the antenna patterns. Therefore, EIRP and EIS can be determined with very high accuracy.
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