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Introduction
The National Radio Research Agency (RRA), Chosun University (CSU), and Gwangju Institute of Science and Technology (GIST) have collaboratively developed rapid measurement systems based on the near-field to far-field transformation technique (NFTF). These systems utilize simultaneously activated probe modules for rapidly measuring transmitter characteristics of user equipment (UEs) in the market for surveillance purposes.
During the RAN4 #110 meeting, we presented the structure of the rapid measurement system, which can measure various transmitter characteristics such as total radiated power, frequency error, occupied bandwidth, spectrum emission mask, adjacent channel leakage ratio, and spurious emissions. The system comprises four arcs of receivers arranged in elevation: 
· Arc 1: 		0.8 m radius covering 3 – 20 GHz band
· Arcs 2 and 4: 	0.8 m radius covering 20 – 40 GHz band
· Arc 3: 		0.5 m radius covering 40 – 60 GHz band

In this contribution, we present the structure of the receiver modules and the calibration and measurement procedures for both amplitude and phase without using a phase recovery unit (PRU).
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Receiver module
The system is capable of measuring UEs operating in the 3 – 20 GHz, 20 – 40 GHz, and 40 – 60 GHz frequency bands. In this contribution, we focus on explaining the 3 – 20 GHz receiver modules. The receivers for the other frequency bands operate based on the same principle.
Each receiver module acquires both vertically (V-pol) and horizontally (H-pol) polarized signals from a single dual-polarized antenna. The received 3 – 20 GHz radio frequency (RF) signals are mixed with a local oscillator (LO) signal and down-converted to an intermediate frequency (IF) of 2.2 GHz with a bandwidth of 400 MHz. The IF signal is then directly sampled in the digital circuit board.
A GPS disciplined rubidium oscillator gives the time and frequency reference to the LO and digital samplers. 
[image: ]

Analog front-end
The V-pol and H-pol signals follow separate signal paths. For the V-pol signals in the 3 – 20 GHz range, the bandwidth is pre-selected using a preselector filter bank with a 2 GHz output bandwidth. This output signal is then mixed with a local oscillator (LO) signal and down-converted to an intermediate frequency (IF) centered at 2.2 GHz. The LO synthesizer can generate LO signals within the 5 – 18 GHz range. The mixer output signal is subsequently passed through a 400 MHz bandpass filter. The resulting 2.2 GHz IF signal with a 400 MHz bandwidth is then input to the digital circuit board for further processing.
The H-pol signal path follows the same principle but utilizes a separate signal path. The LO takes the 10 MHz signal from the GPS disciplined oscillator as the reference.
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Receiver module synchronization
The GPS disciplined rubidium oscillator provides two synchronization signals to all the receiver modules: a 10 MHz output and a 1 pps output. The 10 MHz output is used as the reference signal for LO and digital samplers. The 1 pps output is subdivided to 10 msec synchronization signal, which is used to synchronize the sampling frames.
A signal generator generates a repeated RF waveform based on a Zadoff-Chu sequence. The waveform is radiated through a calibration antenna. The receiver module receives the RF signals from the dual-pol antenna and down-converts to IF. The digital circuit board samples the IF signal. 
The IF signal is then down converted and correlated with the Zadoff-Chu sequence. The correlation indicates the amount of delay in samples. The sub-sample delay is determined from the phase spectrum. The delay exceeding the sampling interval is handled by shifting in the receiver buffer. The sub-sample delay is compensated using a digital filter technique.

Calibration procedure
For calibration, a signal generator (SG) and a calibration antenna are utilized. The signal generator and the receivers must be frame synchronized using the GPS-disciplined rubidium oscillator.
The calibration procedure is as follows:
1. The calibration antenna is directed toward a receiver antenna.
2. The SG generates and transmits a calibration waveform with a 400 MHz bandwidth.
3. The receiver samples the waveform and divides it into multiple subcarrier signals.
4. The phase and amplitude for each subcarrier are recorded.
5. Steps 1 – 4 are repeated for all receivers for both polarizations.
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Measurement procedure
An EUT is placed at the center of the receiver arc. A call simulator sends link signals through a link antenna. The receiver modules and the call simulator must be frame synchronized using the GPS-disciplined rubidium oscillator. The measurement begins after the call simulator and the EUT have completed the call setup procedure.
For the measurement, the following steps are performed:
1. The receiver modules in the arc are triggered simultaneously, which covers an arc of a spherical surface.
2. The EUT is rotated by a preset amount in the azimuth direction, and Step 1 is repeated until the entire spherical surface is covered.
3. The calibration data is applied to the measured data.
This procedure requires one rotation of the EUT. If the module spacing in elevation is not dense enough, the DUT can be tilted using a goniometer. By employing the goniometer, arbitrary sampling on the spherical surface can be achieved.
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Conclusion
The following key aspects were presented:
· Structure of the receiver modules
· Synchronization and calibration procedures 
· Measurement procedure utilizing a call simulator

The proposed system is capable of measuring both the amplitude and phase information, which are necessary for NFTF processing, without the requirement of a phase recovery unit (PRU).
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