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Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]This document proposes an extension of the one dimensional compact range creating cylindrical wave as outlined in [1-3] for active antenna systems (AAS) radiated measurements. The key parameters for measurement of an AAS are both conventional antenna parameters of EIRP and antenna gain patterns, but also transceiver performance such as error vector magnitude (EVM), adjacent channel leakage ratio, ACLR, and spectral emission mask (SEM).
The method proposed is a natural extension of a compact antenna test range (CATR) where the reflector is replaced by a phased antenna array consisting of phase shifters, attenuators, and an antenna array capable of forming planar waves within a specified quiet zone in front of the antenna in a similar manner as the reflector in a CATR system. The plane wave converter converts field modes of a test signal from a plane wave in free-space into a TEM mode in a coaxial cable or vice versa.
Discussion
 Description
In addition to direct far-field and near-field OTA measurements, a third type is holographic techniques.  These techniques can also be divided into three types: Fresnel lens, CATR reflectors, and Plane Wave Converters (PWC). Fresnel lens are generally used for much higher frequencies, such as 320GHz.  A CATR system uses a reflector to form a plane wave distribution.  A PWC is a bi-directional antenna array that weights different components of an electromagnetic field over the array aperture such that a plane wave region is created at a specified distance from the PWC [4, 5, 6, 7].  Using an architecture where all the phased array elements combine into one signal path, the PWC can easily be used with a wide variety of instruments: vector network analyser, oscilloscope, vector signal generator, and vector signal analyser.  
A phased antenna array is comprised of a set of antenna elements with periodic separations where the phase and amplitude of each signal is controlled by a signal distribution network (SDN) in order to create a high directivity radiation pattern in the far field.  Using similar technique of setting the phase and amplitude of the phased array signals, a quiet zone containing planar waves as a linear superposition of the array elements' spherical radiation waves can be created within the near field of the phased array.  
  
Considering a phased planar array of N antenna elements with phase and amplitude weights, a beam can be formed creating far-field conditions (plane wave) in close proximity of the PWC and steered accordingly. By using a different set of complex weights for each antenna, a quiet zone (defined as plane waves with constant phase and amplitude) can be formed in front of the PWC at the distance R.  Figure 1 shows the schematic of the proposed architecture for measurement of an AAS basestation.
 [image: ]
Figure 1: Plane Wave Converter Geometry and Setup
The plane wave converter consists of the following equipment for recommended setup:
a) Full anechoic shielded room
b) Plane wave converter
a. 2D antenna array
b. Signal distribution network (SDN) for signal split or combination together with control of complex weighting of individual RF channels
c. Interface including 
i. RF connector “measurement” 
ii. RF connector “reference”
iii. Control connector
iv. Power supply connector
v. Mechanical mounting interface 
c) PWC mast: range length and polarization control
d) DUT positioner: DUT orientation control
e) System rack including
a. PWC controller and RF switch matrix between different measurement instruments 
b. Vector Network Analyser: For PWC calibration and passive DUT antenna measurements
c. Vector Signal Generator: For generation of CW or modulated signals to test DUT receiver parameters
d. Vector Signal Analyser: For measurement of CW or modulated signals generated by the DUT transmitter
e. Oscilloscope: For measurement of CW or modulated signals generated by the DUT transmitter
f) PC controlling PWC system
Simulation
Using radiation models for each antenna element inside the PWC, an optimization algorithm is used with a cost function set to the minimization of the joint magnitude and phase variation while maximizing power level in the quiet zone for a set of input parameters including PWC array size, array spacing, separation distance R, power level, and quiet zone size.  The result of the optimization is a set of individual antenna weights for the N elements and simulated vector field distribution in the quiet zone. Since the PWC is a reciprocal device, the same set of weights can be used for both transmit and receive measurements.  Figure 2 shows the magnitude and phase distributions in the quiet zone from the top view (longitudinal xy plane).
[image: C:\Users\ROWELL\Documents\1SE4\PWC\EUCAP\Latex Papers\EuCAP2017\Magnitude_xy.png]
Figure 2: Variation of electric field magnitude (left) and phase (right) in the longitudinal plane
Calibration
A few types of calibration shall be performed in order to perform traceable OTA measurements using plane wave converter test system.
PWC array
In general, complex transfer functions of N channels of the plane wave converter are unknown. The functions can be controlled by adjustment of settings of phase shifters and attenuators in the SDN. In order to realize individual antenna weights determined in PWC simulation, calibration of PWC array has to be performed. As a result plane wave electromagnetic field distribution in the quiet zone can be achieved.
PWC self-test
In order to verify time stability of the complex transfer functions of the PWC a reference antenna with a reference connector is proposed being a part of the plane wave converter. Measuring of complex transfer functions between the N antenna elements of the PWC and the reference antenna right after PWC array calibration provides the reference for PWC self-test. Repeating PWC self-test after some time provides new results. Comparison of the reference and the new PWC self-test results may be used for verification of PWC time stability without the need of new PWC array calibration.
Path loss
OTA measurements of AAS base stations provide some basic results such as EIRP or EIS obtained in absolute power levels. In far-field OTA test systems widely-used and simple path loss calibration is performed using gain standard technique [8]. Once PWC array calibration is completed, the PWC test system can be calibrated by determination of path loss. The range reference measurement [8] to determine the path loss is performed with a gain standard placed inside the quiet zone. 
 Measurement Procedure
In the measurements described below, the PWC is attached to the measurement instrument with a single RF cable.
2.3.1 EIRP and Gain: 
2.3.1.1: Passive DUT: The PWC is connected to port 1 of a vector network analyser (if the PWC is dual-polarized, the second polarization is connected to port 2).  If the DUT is a passive system, the DUT is attached to port 3 (and 4 if the DUT is dual polarized). The Sij measurement is performed, and partial gain is derived from the measurement after addition of path loss (PLpwc) at a specific direction from the DUT for each polarization.  The gain can be calculated with the superposition of two orthogonal polarizations: Gain1 + Gain2.
2.3.1.2: Active DUT: The PWC is connected to a vector signal analyzer or an oscilloscope. The active antenna system radiates a signal, either modulated or CW.  Direct measure of the signal power Pout (and potential de-modulation of the signal) results in the determination of the EiRP by subtraction of the calibrated path loss (PLpwc) from the measured power Pout in logarithmic units. The total radiated power can be calculated with the measurement of two orthogonal polarizations: EiRP1 + EiRP2.
2.3.1.3: Pattern Measurements:  By measuring the partial gain at different angles, a 2D or 3D gain plot can be constructed as the DUT moves in 1 or 2 rotational axis’. 
2.3.2 Transceiver Performance:
a) The PWC is connected to either a vector signal analyser or an oscilloscope with signal processing software.  The DUT transmits a modulated signal of known bandwidth and known modulation.
b) The PWC measures the modulated signal as a function of frequency, transmit power level, and beam direction.  It is recommended that the DUT sets the transmit power level and beam direction such that the received signal is at least 15 dB above the received noise in order to ensure accurate EVM measurements.
c) External signal processing software (as part of the vector signal analyser or inside an external program) is then used to derive signal parameters such as SEM, ACLR, EVM, and received power.
Verification example
For the experimental verification of the theory and simulation results, a high gain DUT with a peak gain of 23 dBi at 2.4 GHz with dimensions of 60 cm x 60 cm was used. At first it was measured at a certified antenna test system with very low gain (< 0.2 dB) and pattern (< 0.7 dB @ -30 dB side lobes) uncertainty. The certified result is compared to the results using the PWC after application of PWC array and path loss calibration techniques. Additionally the PWC is replaced by a single measurement antenna (Fig. 4) in order to demonstrate advantage of far-field over near-field measurement.

Figure 3: Experimental Measurement Setups: PWC (left) and Single Antenna (right)
The realized gain, shown in Figure 4, was obtained by measuring the S21 transfer function between measurement antennas and DUT multiplied by the path loss PLpwc or PLsa for each setup respectively. As expected, there is significant error between the single antenna measurement and the certified results since the single antenna is effectively in the radiated near field of the DUT. This results in a 3 dB lower peak gain and null-filling due to the spherical wavefront of the field. The PWC, however, has a much closer match to the certified lab results with a deviation of 0.2 dB in the peak gain and a TRP variation of less than 0.1 dB for the PWC.
[image: C:\Users\ROWELL\Documents\1SE4\PWC\EUCAP\Latex Papers\EuCAP2017\PWCResults.png]
Figure 4: Example of partial gain measurement of 60x60cm basestation antenna at 2.4 GHz
[bookmark: _GoBack]Proposals
It is proposed to consider the 2D compact range, an extension of the already approved 1D compact range, based on the PWC concept for inclusion into TR 37.842. If agreed, additional contributions will be provided in upcoming meetings to provide draft text contributions for detailed description, procedure, uncertainty budget format, uncertainty assessment, etc. 
Proposal 1: Consider the plane wave converter as an over the air method for measurement of radiated parameters of active antenna basestations, including both antenna and transceiver performance metrics. 
[bookmark: _Ref473660868][bookmark: _Ref473660708][bookmark: OLE_LINK6][bookmark: OLE_LINK7]
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