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1. Introduction

At last RAN4 meeting in San Jose del Cabo (RAN4#78bis) a discussion about how the measurement uncertainty of the test equipment (such as a network analyser) used for calibration of a far-field antenna test range or a compact antenna test range (CATR) relates to the propagation loss in the antenna test range was initiated. 

In the calibration process path loss, cable loss and probe antenna gain is characterised using a reference antenna with known antenna gain. This contribution describes the calibration procedure and the calibration link budget. The link budget holds all information necessary to determine the transmission losses seen by the test equipment during calibration of an antenna test range. The network analyser measurement uncertainty is determined by the received signal with respect to the noise floor of the instrument.   
2. Discussion

The calibration is done to characterize the antenna test range with respect to the total propagation loss between the test object to the reference point where the power meter or signal generator is connected. In the calibration phase the test object is substituted with a reference antenna with known antenna characteristics. Typically for far-field test ranges a calibrated standard gain horn (SGH) is used, but it shall be noted that other types of reference antennas could also be used. 
In Figure 2-1, the calibration setup is described, also marked in red the calibrated signal path is showed. 
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Figure 2-1: Calibration setup
A reference antenna is used to characterize the path loss between port 1 and port 2 on the network analyser. The free-space propagation, probe antenna, probe antenna feeder loss is determined. The result is then used to associate the measured EIRP and EIS in absolute terms in the measurement phase.
The antenna gain properties of the reference antenna is known, the reference antenna feeder and eventually the optional amplifier characteristics is measured using a network analyser, therefore the network analyser is accounted for twice in the uncertainty list [1, 2]. An optional amplifier can be used if the propagation loss is too high to achieve SNR required for acceptable measurement uncertainty.
Depending on the free space path loss in the test range an amplifier is needed to compensate for the path loss in the test range. The gain of the amplifier is set to fall within the dynamic range of the network analyser. If the calibration signal is close the noise floor of the network analyser then the measurement uncertainty will be affected. Typically the signal is well above the noise floor maintaining good measurement uncertainty. 
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Figure 2-2: Calibration link budget
The propagation loss L, in the test range depends on test range type. For a direct far-field range the propagation loss depends on the free space propagation only, while for CATR the propagation loss is depending also on the reflections properties associated to the mirror. 
The network analyser measurement uncertainty is directly dependent on SNRmeas. Typically the SNR for acceptable measurement uncertainty is 40-50 dB, which corresponds to 0.1-0.01 dB magnitude error [3]. The noise floor for a network analyser is typically in the range -110 to -100 dBm. 
From the link budget, parameters related to the feeding of the reference antenna and the gain of the reference antenna (marked as green) is subtracted from the measured loss between port 1 and port 2 creating the calibration factor used to extract absolute EIRP and EIS from measured values. 
Relevant values for link budget parameters for a CATR calibrated at 2 GHz are showed in Table 2-1.
Table 2-1: Link budget parameters
	Parameter
	Case A

[dB]
	Case B

(Gain compensated)

[dB]
	Notes

	L1
	1
	1
	Cable loss

	Gamp
	0
	20
	Amplifier gain

	L2
	1
	1
	Cable loss

	Gref
	12
	12
	SGH gain

	L
	60
	70
	Free space path loss

	Gprobe
	10
	10
	Probe antenna gain

	L3
	2
	2
	Cable loss

	P1-P2
	42
	32
	Loss between port 1 and port 2


The link budget calculation in Table 2-1 indicates that the loss between port 1 and port 2 on the network analyser is in the range of 32-42 dB. It should be mentioned that this loss is in the same range as seen in traditional filter evaluations using network analysers.  Assuming 0 dBm output power at the network analyser port 1 results in a signal level at -32 to -42 dBm at port 2, which in well within the dynamic range of the network analyser.
The noise floor in the network analyser is an important entry that should be carefully considered. This parameter establishes the Signal-to-Noise-Ratio (SNR) for a specific measurement. A SNR of 40dB is fine for good operation of many systems; but, for an instrument such as a network analyser, a SNR of 40dB results in an uncertainty approaching + /- 0.1dB. Network analysers include menu options to change the IF bandwidth and averaging, and these parameters can be changed to reduce the noise floor at the expense or longer measurement time.

Published network analyser noise floor specifications are usually specified a very narrow IF bandwidths and/or high averaging factors that require very long and in many cases impractical sweep times. The actual l noise floor for a specific IF bandwidth and averaging factor can be accurately estimated by considering port power used during calibration and the system noise floor with both ports terminated. 
The measurement time in the calibration stage of an antenna test range is not very critical, since the calibration is done one time per frequency band.  
3. Conclusion

If the signal level generated by a network analyser is not sufficient to maintain measurement uncertainty, an external amplifier can be added to compensate for the free space path loss in an antenna test range. A simple link budget calculation with typical values assumed for losses and antenna gain shows that the network analyser sees a reasonable strong signal through the antenna test range during the calibration stage, which guaranties acceptable measurement uncertainty. 
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