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1. Introduction

Discussions within RAN4 on OTA test methods for mmWave NR are ongoing including the current spurious testability aspects in discussed in [1].  This paper discusses the possibility of accurately detecting spurious emissions in a traditional far field measurement and the potential for using a Compact Antenna Test Range (CATR). 
2. Discussion
The far field test configuration to measure a 28 GHz carrier is shown in Figure 1.  The assumptions in the test configuration are as specified in [1], except as noted below.  The received carrier power is assumed to be -49.5 dBm.  There is sufficient dynamic range between the measurement receiver noise floor and the power of the received signal, assuming the received signal is unmodulated CW.  However, for modulated signals measured in wider bandwidths, the dynamic range can be greatly decreased.  For example, using a 200 MHz modulation bandwidth, the received power in a 1 MHz bandwidth is 10 * log (200) dB lower at -72.5 dBm, which is close to the -78 dBm measurement receiver noise floor in the same 1 MHz bandwidth.  Turning on the preamp of the spectrum analyser provides an additional 19 dB margin to make this measurement, assuming other signals that may be present at other frequencies are attenuated below the compression level of the preamplifier.  Another possibility is to remove the high pass filter directly measure the carrier with the preamplifier off. (This approach will incur additional measurement uncertainty when the filter is inserted to measure spurious signals with the preamp turned on.)
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Figure 1.  Far Field Test Configuration to Measure 28 GHz carrier.

A far field test configuration to measure the 3rd harmonic and spurious emissions is shown in Figure 2.  The assumptions in the test configuration are directly from [1] with modifications based on the Keysight UXA 110 GHz spectrum analyser with displayed average noise levels (DANL) of approximately -150 dBm/Hz in the 50 GHz to 110 GHz range.  This configuration eliminates the need for an external mixer to down convert to a lower frequency IF for measurement.  Excluding the external mixer increases the received power by 11 dB.  There is sufficient dynamic range between the measurement receiver noise floor and the power of the received signal, assuming the received power is a CW signal.  Assuming the signal power is modulated over 200 MHz, the received power in a 1 MHz bandwidth is approximately 
-83.8 dBm for the 3rd harmonic. This is very close to the -90 dBm noise floor of the measurement receiver.  The received power of the signal at 100 GHz is then ~-95.7 dBm which is below the noise floor of the analyser.
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Figure 2. Far Field Test Configuration to measure 3rd Harmonic and Spurious up to 110 GHz
An alternative approach to the traditional far field approach is to consider the Compact Antenna Test Range (CATR) system. This approach discussed in [2] can lead to significantly lower path losses in the region of 10 dB to 15 dB which further increase the potential to accurately measure higher harmonics.
3. Conclusions
This paper discussed the measurement of spurious emissions using a traditional far field test approach and also a Compact Antenna Test Range.
Observation 1.  The BW of the received signal has a large impact on determining if it can be adequately measured with sufficient noise margin. The BWs of the signals in the test system needs to be clearly specified.
Observation 2.  The use of a preamplifier in the spectrum analyzer can greatly aid in detecting signals with power levels close to the noise floor, assuming other larger signals will not drive the preamplifier into compression.

Observation 3.  The far field OTA loss for an example 5m traditional far field chamber are in the region of 75 dB to 85 dB depending on frequency. The equivalent OTA loss for a CATR may be 10 dB to 15 dB lower than a direct far field measurement which can enable measurement of spurious signals that might have been impractical with conventional approaches.

Observation 4.  The use of the latest available test equipment can simplify the test configuration by eliminating the need for external down conversion with direct measurements up to 110 GHz.
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