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	Summary
In order to check the purity of a frequency band to be opened for mobile applications spurious emission measurements were carried out in the vicinity of some different radar installations. The measurement method was based on the direct method defined by Rec. ITU-R M.1177-4 and was adapted to the local conditions. The measurement results show significant differences between the spurious emission levels of the different types of radars and even the different pieces of the same type of radar.
 

	Proposal

FM 22 is invited to discuss and note the results and methods of the measurements


	Background

Similarly to some other European Administrations, a new frequency band (2500-2690 MHz) is about to be auctioned by the National Media and Infocommunications Authority of Hungary for mobile service providers. The applicants should be informed about the purity of this band. Some radar equipment operate at frequencies close to the concerned band and their spurious emission is a potential source of interference for the future services. As the levels of their spurious emissions are specified neither by the manufacturer nor the operator, these radars had to be checked by measurements. 



Introduction

A new frequency band (2500-2690 MHz) is offered for auction in Hungary for mobile service providers. The applicants have to be informed about all of the circumstances that can affect the usage of the band. As the spurious emissions of the radars are potential interferers and they were not specified, they had to be checked by measurements.
The measured radars

The measured radars and their main characteristics are summarized in Table 1. The table also shows the number of the radar units measured in the present campaign. 

	Type / NATO code
	Function
	Frequency band [GHz]
	Max. transmitter power [kW]
	No. of measured radar sets
	Note

	ATCR 33S-DPC
	Air Traffic Control
	2.7-2.9
	24
	1
	Figure 6

	ATCR 33K
	Air Traffic Control
	2.7-2.9
	24
	1
	Figure 1

	RL-2000
	Surveillance Airfield Radar 
	2.7-2.9
	25
	2
	Figure 2

	P-37 / “Bar Lock”
	Air-Defense Search Radar
	2.9-3.3
	5x700
	5
	Figure 3

	PRV-17 “Odd Group”
	Air-Defense Height finder 
	2.7-2.9
	2500
	3
	Figure 4

	ASR-23SS
	Primary Surveillance Radar
	1.25 – 1.35
	40
	2
	Figure 5

	RAT 31
	Fixed Air Defence Radar
	1.2 – 1.4 
	84
	2
	Figure 22


Table 1 The measured radar units

              [image: image2.png]



Figure 1  ATCR 33K Air Traffic Control Radar at the Budapest Ferihegy (Liszt Ferenc) Airport
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Figure 2 RL-2000 Surveillance Airfield Radar at the Kecskemét Airfield
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Figure 3 P-37 Air-Defense Search Radar
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Figure 4 PRV-17 Air-Defense Height Finder Radar
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Figure 5 ASR-23SS Primary (Long-Range) Surveillance Radar at Kőrishegy

Measurement setup and measurement methods
The measurement method was based on the direct method defined by Rec. ITU-R M.1177-4 and was adapted to the local conditions. During the measurements the following difficulties had to be overcome:

· the measurements had to be carried out in the presence of high power signal pulses of the measured radar

· high dynamic range was required (130 dB, according to Rec. ITU-R M.1177-4)
· at some measurement sites the high power signals of other radars were also present
· the measurements had to be carried out during the normal operation of the radars

· as the measurements were carried out in open air sites, the test setup received signals not only from the measured radar, but also from other radars and communications equipment. These disturbing signals had to be separated (filtered out) by proper processing of the measurement data.
· The radar antennas move periodically with a time period of some seconds. The observation time at a certain frequency had to be longer than one period and it made the process quite time consuming.
The measurement procedure, the measurement setup and the data processing were elaborated in order to cope with these difficulties.
Selection of the measurement site

The measurement sites were placed at a distance from the radars where the electric field strength of their pulses was lower than the immunity limit of the test instrument (3 V/m). The distance also had to be long enough to ensure that the measurement site was in the far field zone of the radar transmitter.  In practice some margins were applied and the local accessibility conditions were taken into account, so the measurement distance ranged from 1 km to 2.4 km, keeping the maximum electric field strength below 2 V/m. 
The radiated spurious power of the radar is calculated from the received signal level, the circuit losses and the free space loss formula. For accurate measurements, at least the first Fresnel zone should be kept free. The test antenna was elevated to 10 m height and the Fresnel zone was always checked. 
        [image: image7.png]



Figure 6 The mobile measurement unit with extended antenna mast (with the ATCR 33S-DPC radar in the background)
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Figure 7 The first Fresnel zone between the radar and the test antenna (Kecskemét)
After the selection of a measurement site, it had to be checked by a spectrum analyzer if other high power signals were present.
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Figure 8 Position of a radar and the measurement site (Kecskemét)

The measurement method
The level of the received signal was measured by spectrum analyzers set to zero span mode. The sweep time had to be longer than the rotation period of the radar antenna in order for the radar beam to hit the test antenna at least once during the time of observation. Characteristic time graphs are shown on Figure 9.
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Figure 9 Characteristic spectrum analyzer screens at zero span (The three graphs refer to three different frequencies (consecutive 1 MHz bands))

The maximum level of a certain time graph was considered to be the received signal level at the respective frequency (in the baseline scenario, when interferer signals were not present). 
The measurement setup
Some different versions of the two basic setups were used in the measurements according to the actual measurement task and the different local spectral environments. They differ only in the filter/attenuator section, marked by red circles. The two basic setups are shown in Figures 10-11. 
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Figure 10 Measurement setup 1 (with filters and LNA)
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Figure 11 Measurement setup 2 (no filters, no LNA, only a variable attenuator)

In each measurement setup there are two signal paths, one for monitoring and another one for accurate measurement. 
For monitoring purposes the signal was received by a log per or a log spiral antenna and was observed by a spectrum analyzer. This monitoring function helped to detect measurement anomalies and could give a sign when human interaction was needed (e.g. to stop the automatic measurement when the radar was switched off)
In the measurement signal path the electromagnetic waves were received by a horn antenna. After passing the filter/attenuator section, the signal was split into four equal parts and three of them were measured by the connected spectrum analyzers. The application of multiple analyzers could speed up the time consuming measurement procedure. The spectrum analyzers were tuned to three consecutive 1 MHz frequencies and after one registration they stepped further by 3 MHz. So the total scanning time for a certain band was 3 times shorter, than with only one analyzer. Although the speed of the measurements could have been further increased by using more spectrum analyzers, at the time of these measurements only three of them were available.
The band rejection and bandpass filters were used to increase the dynamic range of the measurements. The band rejection filters could keep away the high power spectral components, which otherwise could reduce the sensitivity of the instruments by saturating them, or could generate nonlinear products. These high power spectral components could be the carrier signal(s) of the measured radar when the spurious components are measured, or high power signals from other radar or communication systems. Some different band rejection filter configurations were used in the variants of the basic measurement setup 1 (Figure 10). For the measurement of radars operating in the 2.7 – 2.9 GHz band, custom made fixed band rejection filters were used. If high power signals - originating from other sources - were present outside of the rejection band of the fixed filters, they were suppressed by tunable filters. Both the tunable resonant circuits and the YIG band rejection filters were tried as well. It was found that an extra care must be taken when a YIG filter is used. Although they worked properly at low power levels, at high levels they showed a strongly non-linear behavior and generated harmonic products. When YIG band rejection filters were used in the present measurements, they were always preceded by a passive filter and were never exposed to the high power carrier signals of the measured radar. 
The YIG bandpass filter in the next stage of this measurement setup worked as a preselector for the spectrum analyzers and was tuned together with them. Being placed after the band rejection filter, it was not exposed to high power signals so the nonlinear effects it caused were negligible. The YIG bandpass filter was integrated with a low noise amplifier. This LNA, which was connected to the output port of the YIG filter, improved the sensitivity of the measurement setup.
As a high dynamic range was required, the applied cables had to be carefully selected as well. Only special cables with extra shielding and certified low leakage were used.

The measurement setup containing no filters (Figure 11) was used for the measurement of the levels of the radar carriers themselves.  

The spectrum analyzer settings were as follows:

RBW:
1 MHz

VBW:
1 MHz

Span:
zero span

Scanning time: > rotation period of the radar antenna (3-20 sec)
The data processing procedure
The data acquisition and the control of the measurement were carried out by a computer. In addition to the maximum values found in a scan it also stored the time graph of each individual scan. This was necessary in order to distinguish the signals of the measured radar from the other signals in the air. Figure 12-13 show an example where the signals of the measured and another radar were also present in a scan. 
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Figure 12  The interferer appears
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Figure 13   The level of the interferer exceeds the wanted signal
In this example the peak level of the interfering radar was higher than that of the measured radar. Automatic storing of the maximum value experienced in the scan would lead to a false result. However, knowing the antenna rotation period and the expected time of the pulse of the measured radar, the peaks of the wanted signal can be sorted out. The rotation period and the expected arrival time of the pulse were known from the observation of the previous scans. This selection method was only partly automated. A software tool was developed for the quick overview of the scans but the selection in the critical scans required human interaction. Concerning the relatively small number of measurements, this approach was economically more effective than the development of a totally automatic algorithm.
The EIRP of the spurious radiation was calculated from the spectrum analyzer readout, taking into account the free space loss, the circuit losses (cables, filters, splitters etc.) and the receiver antenna gain.

EIRP [dBm/MHz] = Pspa [dBm/MHz] + afs [dB] – Grec [dBi] + acir [dB]

where

· EIRP is the peak spectral power density of the spurious radiation of the radar at the measurement frequency in [dBm/MHz]
· Pspa  is the spectrum analyzer readout at the pulse peaks at the measurement frequency in [dBm/MHz]
· afs  is the calculated free space loss at the measurement frequency in [dB]
· Grec  is the antenna gain of the receiving test antenna at the measurement frequency in [dBi]
·  acir the total circuit loss at the measurement frequency in [dB]
The calculation was done by the measurement control software. Figure 14 shows the raw readout data and Figure 15 the calculated EIRP for a certain radar.
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Figure 14 The raw spectrum data (spectrum analyzer readout) with an interfering communications signal
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Figure 15  The calculated EIRP after processing the measured data
The spectral component marked by a red circle on Figure 14 is the continuous signal of a communication system. As it did not vary simultaneously with the rotation of the radar antenna, it could be distinguished from the radar spurious and was removed by data processing, leaving no data for the concerned frequencies.
The next two figures (Figure 16-17) show the spectrum of a radar measured in the presence of an interfering radar. 
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Figure 16 The spectrum of the measured radar together with the interfering signal
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Figure 17 The spectrum of the measured radar after the removal of the interfering signal

The spectrum, shown in Figure 16 is based on the raw data, where simply the maximums of each scan were recorded. It contains the spectral components of the interferer as well, marked by red ellipses.

Figure 17 shows the same spectrum after the removal of the interfering signal. The selection of the signal was based on the arrival time, as shown on Figure 13. Unlike to Figure 15 the spectrum curve remained continuous after the removal of the interfering spectral component.
Measurement results

The measurement results are summarized by the following Figures. One graph represents one radar type and contains the results of all of the measured units of the particular type. 
The spurious emmission levels of the ATCR 33K (Air Traffic Control), RAT-31 DL (Fixed Air Defence) and the ASR-23SS (Primary Surveillance) radars were below the sensitivity of our test system in the investigated frequency band, so their graphs are not shown.
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Figure 18  Spectrum of the RL-2000 radars (Radar 2 was measured twice in order to check the higher spurious levels)
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Figure 19  Spurious emission of P-37 radars
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Figure 20   Spurious emission of PRV-17 radars
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Figure 21 Spurious emission of the ATCR 33S-DPC radar
Evaluation and interpretation of the results

The measured spurious levels were evaluated from two different points of view. The first was, whether they are compliant with the requirements of the Radio Regulation (AP3-1), which require that the level of the spurious emission should be at least 60 dB below the carrier level. According to our measurements, four of the studied seven radar types (ATCR 33S-DPC; ATCR 33K; ASR-23SS and RAT-31DL) met this requirement while the rest (RL-2000; P-37 and PRV-17) did not.

The other important aspect is how the planned new radio services – to be introduced in the concerned frequency band – will be affected by the radar spurious emissions. As it highly depends on the applied communication system, there is no simple answer for this question. The NMIAH chose the approach that it provides the prospective service providers only with the measured spurious EIRP without making any prediction on their effect on the service quality and the coverage area. The service providers should take into account this information in their network planning. 
A practical example
During our measurements we encountered an interesting interaction between a radar and a communication system. Taking a look at this practical example could give at least a rough idea about the seriousness of this problem.

Close to a measured radar site a communication radio tower was situated, as it is shown on Figure 22.
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Figure 22 Photograph of a RAT-31 DL radar and a communication radio tower (The P-37 radars are collocated with the RAT-31 DL, but they can not be seen on the picture)
The distance between the radar site and the radio tower was 2.1 km and the antenna of a 3.5 GHz point-multipoint system was situated well within the main lobe of the radar antennas. P-37 type radars were also operated on the same site and they had a significant spurious emission in the 3.5 GHz band. (Figure 23)
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Figure 23  Spurious emission of the P-37 radars in the 3.5 GHz band
The NMIAH leased a 2 Mbps line on the point-multipoint system and the data transmission was observed. It was found that even though the radar radiated 10-20 Watt/MHz of EIRP in the band of the P-MP communication system, its operation only reduced the data transmission rate from 2 Mbps to 1 Mbps. It is obvious that the interference of the radar spurious signals has an adverse effect on the quality of the communication service, but surprisingly it is not so dramatic.

Conclusion

The spurious emission levels of some radars were checked by measurements. They proved that there are significant differences between the emissions of the different types of radars and even between the different pieces of the same type of radar. The prospective mobile service providers were informed about the locations and the levels of the radar spurious emissions and they should take it into account in their network planning.
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