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1. Introduction

In 3GPP RAN4 #82, R4-1702089 was approved. This is a text proposal for addressing the FF criteria which is determined by the well-known equation 2D^2/lambda where D is the maximum size of the device under test. At mmWave and for even smartphone, the FF distance can be very high so that direct FF system must be implemented in big anechoic chamber and are prone to very high space loss. It was then proposed to revisit the FF criteria and an empirical approach has been documented in [1] for LTE BAND3.
This contribution provides an insight on the CATR test method solution which can be seen as a solution to the 2D^2/lambda direct FF criteria and a candidate solution for 5G NR testability at mmWave for both UE and BS.
2. Background
A CATR (Compact Antenna Test Range) is a collimator system in which the spherical wave is transformed in plane wave within the desired quiet zone (QZ). In other words, a compact range project the measurement (range) antenna infinitely far away thus making it a far-field range. Figure 1 does show this concept:
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Figure 1. Compact Range – working principle

This is a reciprocal system setup. For TX measurements, the device under test will radiate a spherical wavefront to the range collimator which focalises into the feed antenna only the propagation vector which matches with the boresight direction of the reflector. On the other hand for RX measurements, the feed antenna would radiate a spherical wavefront to the range reflector which is collimated towards the DUT. In other words, the spherical wavefront is transformed into a plane wavefront when at the DUT.

In order to meet the requirements, the following parameters are mainly considered when designing a CATR:

· Quiet Zone

· Focal length

· Offset angle

· Feed location 

Figure 2 does introduce the concept of quiet zone (QZ). Basically, the plane wavefront (uniform amplitude and phase) is guaranteed in a certain cylinder volume:
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Figure 2 CATR – Quiet Zone concept
Quiet Zone size would depend on mainly the reflector, feed taper, anechoic chamber design. In figure 3 is shown the phase distribution in the QZ for a state of the art CATR designed for 3m QZ size at 18GHz:
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Figure 3 Phase curvature within the CATR QZ
It has to be noted that the total phase variation in the QZ for a CATR is much lower than the phase variation (22.5deg) for a typical direct FF range.
Quiet zone requirement can be impacted by amplitude uniformity, phase planarity and polarization purity. Amplitude uniformity is mainly due to feed pattern, alignment and reflector design while phase planarity is due to feed alignment and reflector design. The polarization purity is mainly due to the parabolic system geometry considering high polarization purity feeds.
The above just to say that the reflector design does play an important role when designing a CATR. There are mainly two types of reflector, rolled and serrated edge. Figure 4 does show the reflectors’ type:
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Figure 4 – Reflector Types – Rolled edge (left), Serrated Edge (right)
Now that the background information about a CATR design has been provided, it is beneficial to list here the pros and cons of using a CATR for 5G at mmWave:
Pros:

a. Single point meas

b. System level test in FF

c. Speed of direct FF results

d. Phase recovery not required

e. No linear power compensation required when compared to NF

Cons:
f. Mount can provide significant interaction with Device Under Test thereby causing measurement error

g. Limited FOV where interaction is can be minimized

h. Interaction increases significantly as directivity decreases

i. Direct Illumination of the QZ from the feed can introduce errors

j. While smaller than direct FF system the chamber size is generally larger than equivalent NF System

3. CATR – Far Field Measurement System
In this section the CATR key points are reported. 
3.1       FF criteria

CATR is seen as a way to resolve the issue in terms of path loss, and anechoic chamber size imposed by the FF criteria (2D^2/lambda). Let’s consider a smartphone of D=15cm operating at 30GHz, and 40GHz. Table 1 does report a comparison in terms of anechoic chamber size and path loss between direct FF and CATR implementations:

	 
	DUT Size [m]
	Freq [GHz]
	FF distance [m]
	Space Path Loss [dB]

	Direct - FF
	0.15
	30
	4.5
	-75

	CATR
	0.15
	30
	1
	-62

	Direct - FF
	0.15
	40
	6
	-80

	CATR
	0.15
	40
	1
	-64.5


Table 1 – Direct FF vs CATR
For direct FF, the FF distance has been calculated by applying the FF criteria while for CATR the FF distance is seen as the focal length, distance between the feed and reflector for a CATR from 8-100GHz with 0.3m QZ.

For both direct FF and CATR, space path loss is calculated by applying the Free Space Loss formula with R=FF distance:

                                                   (λ/4*π*R)^2
It has to be noted that in a CATR reflector system, the space path loss is calculated by the distance from the feed to the reflector (focal length). From the reflector to the quiet zone there is a plane wave with no space loss.
3.2       Quiet zone
In the background section, an introduction about QZ has been provided with the aim of introducing the main factors influencing the quiet zone such as amplitude uniformity, phase planarity and polarization purity. It was also highlighted that each of them shall be considered when designing a CATR. Moreover, it has to be noted that the quiet zone is the main uncertainty contributors when defining the measurement uncertainty budget. It means that measuring the quality of the quiet zone is fundamental for a CATR. This can be accomplished by performing the following tests:
· Pattern Comparison

· QZ field probing
· Fourier analysis of QZ data

· Time-domain analysis

· Statistical analysis (Ruze method)

Figure 5 shows the 2D pattern for amplitude and phase in the QZ while Figure 6 shows how the pattern comparison is performed:
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Figure 5 – Measured 2D field in a CATR QZ
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Figure 6 – QZ quality – Pattern Comparison

For a state of the art CATR, the amplitude uniformity (ripple in the quiet zone) is usually around +/-0.4dB from 8-100GHz while the phase planarity is within the range of +/-3deg.

It has to be noted that for mmWave (above 40GHz) the pattern comparison is the most used methodology for validating the QZ quality.

3.3       Implementation Requirements 
When it comes of CATR implementations, the reflector design is one of the key point to be considered. Another important piece is the feed antenna location in the system setup. Different implementations may exist based on the test system frequency range and quite zone requirements.
3.3.1    Reflector (s) Type
A Compact Range is a geometrical optical design, for which the reflector(s) is large in wavelength. Edges diffraction (edges are like cylindrical sources) needs to be minimized using edge treatment. Common edge treatments are

· serrated edge – figure 4 (right)
· rolled edge – figure 4 (left)
The lower frequency limit of a compact range depends on the edge treatment. 
3.3.1.1 Serrated Edge 
The direction of the edge is designed such that minimum diffraction enters the quiet zone sources. With serrations, there is a smooth transition between parabolic surface of the reflector and free space, thus reducing the diffraction effects and directing the diffracted field away from the QZ. The length of serrations define the lowest frequency of operation. Typical serrations lengt is 5λ.

3.3.1.2  Rolled edge
The edges of the compact range reflector are no longer cut off abruptly but are smoothly bent backwards thus reducing the energy at the edges of the reflector. With well-designed rolled edge, diffraction reduces compared to serrated edge at the low and middle end of the frequency spectrum. 

3.3.2     Feed Antenna location
The following are the feed locations most commonly used when designing a CATR:

· Side-fed

· Floor-fed

· Diagonal-fed

For a side-fed system, the feed is placed on one side of the chamber at the same height as the center of the quiet zone so that the ray from the feed to the reflector to the center of the quiet zone spans a horizontal plane. For a floor-fed system, the feed in placed on the floor between the reflector and the quiet zone so that the ray from the feed to reflector to the center of the quite zone spans a vertical plane. In case of diagonal-fed (corner-fed) system, the feed is in a cornerbetween side wall and floor so that the ray from the feed to the reflector to the center of the quiet zone spans a diagonal plane. Typically the diagonal fed-system allows for size reduction of the anechoic chamber of approx SQRT(2).
4. Conclusions
An overview of a CATR methodology has been provided with the aim of highlighting the main parameters to be considered during its design in order to meet the requirements. A comparison between direct FF and CATR in terms of space path losses has been also provided when considering a DUT of 15cm at 30GHz and 40GHz. QZ is seen as one of the main requirements to be looked at when designing a CATR and it is one of the main uncertainty contributor in the overall measurement uncertainty budget for both TX and RX system level measurements. 
CATR is a good candidate for 5G NR testability at mmWave.
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