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Introduction
At millimeter wave frequency range, quasi-optical solutions are employed to transmit signal. It can play the same role as traditional microwave components, such as cables, filters, insulators, attenuators, couplers, and so on. Comparing with traditional methods quasi-optics has the advantages on low cost and each to make at higher frequency range, which is widely used in telescope, radiometers and material measurements. 
According to the NR test methods TR 38.810, free space solution has to be used for RF measurements at MMW. For Far-field and CATR (compact antenna test range) methods, some of RF requirements are impossible to measure because of the pass loss. Near field methods may be the solution of weak signal measurements, but as the DUT and source antenna are placed face to face by a short range, it will cause a strong reflection and bring standing wave in the test system. By using quasi-optics in the RF measurements, the MMW beam is focused and transmitted to the DUT, pass loss can be well controlled. Quasi-optical filters and insulators can be used in the system to kill the standing wave in free space. 
Basic Theory
Gauss Beam Theory
In order to accurately describe transmission characteristics of the quasi-optical beam, the diffraction effect could not be ignored. In the design of the large beam waveguide system, if the size of the reflection mirror is greater than 50 times wavelength and the edge level smaller than -20dB, the theory of geometric optics may be used to analyse the transmission properties of the beam. However, in the actual quasi-optical transmission system, the device size is usually 20 to 30 times wavelength, and then the above conditions are not satisfied. Gaussian beam theory can be used to analyse beam diffraction phenomenon and accurately describe the characteristics of quasi-optical beam transmission systems [1]. 
A simple quasi-optical VNA spectrometer setup was shown below which is an alternative to existing time-domain THz systems at low frequencies [2].
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Fig.1 Schematic of the quasi-optical measurement system [2]
Theory of Faraday Rotation
When a linearly polarized plane wave propagates in a ferrite in a direction parallel to the direction of magnetization, it can be decomposed into two circularly polarized waves with opposite rotations and distinct propagation constants[3]. The differential propagation constants between the two circular polarization states produce a rotation of the linear polarization and the rotation angle θ is given by:


where c is velocity of light. It can be seen that the rotation angle θ is only dependent on the relative permittivity εf, the remnant magnetization Mr, and the thickness of the ferret, d. Therefore, it is possible to produce extremely wideband isolators.
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Fig.2 Schematic of the faraday rotation of ferret
Quasi-optical system setup
The typical quasi-optical system for RF measurement is shown in Fig.3. It’s combined by 2 mirrors, faraday rotator and 2 wire grids. The 2 mirrors are designed to focus the MMW beam from UE DUT to the receiver feed horn. The Faraday rotator rotates the polarization of the UE DUT by 450. The reflection caused by the feed horn will transmitted twice through the rotator, and the polarization of reflection is rotated by 900, noted by the red line in Fig.3. The wire grid is designed as a polarization filter, transmitting the main beams while filtering the reflections. 
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Fig.3 Schematic of the quasi-optical system for RF measurement
Conclusions
This paper described a quasi-optics used in MMW RF measurements. It provides a solution of detecting weak signal at MMW range. More study is needed to increase the accuracy and application on MMW measurements.
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