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1
Introduction

WRC-2000 decided to introduce a new allocation to the radio navigation-satellite service (space‑to‑Earth) in the 1 260-1 300 MHz frequency band. In the 1 215-1 260 MHz band (L2 band), used by radars, radionavigation-satellite service (space-to-Earth) systems have been successfully operated for a considerable time.

Resolution 606 (WRC-2000) invites the ITU-R to conduct, as a matter of urgency and in time for WRC-03, the appropriate technical, operational and regulatory studies, including an assessment of the need for a power flux-density limit concerning the operation of radionavigation-satellite service (space-to-Earth) systems in the frequency band 1 215-1 300 MHz in order to ensure that the radionavigation-satellite service (space-to-Earth) will not cause harmful interference to the radionavigation and the radiolocation services.

In addition, Resolution 606 (WRC-2000) resolves that no additional constraints shall be placed on radionavigation-satellite service (space-to-Earth) systems operating in the band 1 215-1 260 MHz.

In document 8B/189, liaison statement from working party 8D to working party 8D, summarizes the work already made under the topic of resolution 606, and identifies areas for further study/analysis. One of these items of interest is the probability of interference events, their time duration and their impact.

This paper is a theoretical analysis aiming to assess the impact of the RNSS signal into the detection of an airplane by a radar.

2. Methodology 

The principle of the works made in this paper is to assess the time during which an airplane within range is nevertheless not detected, because of interference from RNSS signals. For this aim, we calculate the probability of detection of such an airplane at every instant it is within range, and we integrate this probability to assess the total time it is not detected. After several examples illustrating this method, we make a statistical analysis in order to obtain the cumulative distribution of this time of “no detection”.

The results bring us more understanding of the reason why no interference was noted until now.

2.1. Models of RNSS signal

The model of GPS constellation is used. The pfd of -142 dBW/m2/MHz was calculated, as explained in annex B. Every satellite of the constellation transmits on the same frequency with the same pfd on the ground.

2.2. Model of radar

The characteristics of the radar used in this study and its radiation pattern are presented in annex C. This radar is supposed working co-frequency with GPS.

3. Execution of the simulations

In this part, we will consider an airplane crossing the detection area of our radar. The probability of detection of this airplane by the radar is calculated for every instant. The impact of an interference caused by RNSS is assessed as a decrease of this probability of detection only, because this radar is fitted with a constant false alarm rate (CFAR) circuit.

3.1. Probability of detection

3.1.1. Calculation of the probability of detection
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The probability of detection is calculated with the formula:

Where
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A = energy received from the target into the radar receiver 

N = noise spectral density

3.1.2. Application to the model of radar used.

For the model of radar used in this study, the probability of detection for a target of 4 m2, in the main beam, without interference, and with only the thermal noise, is shown in figure 1.
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Figure 1: probability of detection without interference

For this radar, we can define a “distance of reference” for which Pd = 90%, of 140 Nq, and we define the operational range as 80% of this reference range: for our radar model, this operational range is 112 Nq. Therefore, the considered area of detection is a circle of 112 Nq radius.

The following conditions are used in the simulations:

· At the initial time (t_init), the airplane enters in the circle of 140 Nq (distance of reference).

· The initial position of the aircraft is defined by:

· Its azimuth at t_init: Az_init

· Its course C, kept constant during the simulation

- Radar characteristics and radiation pattern: detailed in annex C

- The speed of the aircraft is 800 km/h

- The altitude of the aircraft is 11 000m

- The location of the radar is 47°latitude North (longitude without signification when t_init is randomly chosen)

- For the statistical simulations, the initial time of departure is uniformly randomly chosen.
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Figure2:  considered area and initial position of the aircraft

3.2. Received energy

For every detection, the energy received from the target is:
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Where:


Ae = 
emitted energy


Ar = 
received energy


G = 
antenna gain in direction of the target (received and transmitted assumed identical)


D = 
distance between radar and target


( = 
wavelength


( = 
radar equivalent surface = 4 m2

l = 
loss between receiver, emitter and antenna

From this formula, at every time, the energy received from the airplane when it is lighted can be calculated.

3.3. Interference power due to RNSS
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At every instant, the interference power received from the RNSS is calculated this way:

Where G(θi) is the gain of the radar in direction of satellite i. The result of this interference is that the noise increases to become N=N0+I. (with pfd expressed per Hz)
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figure 3 : interference from RNSS signals

4. Examples of impact

From the previous assumptions, we can calculate every instant the probability of detection. Two examples of simulations are shown in following figures to make the result more understandable. In this figures :

· The thick black curve is the distance of the airplane (reference distance of 140 Nq=260 km at the beginning) ;

· The red curve is the distance for 90% of Pd with the increase of noise due to the interference from RNSS.

· The blue line is the operational detection range = 112 Nq = 207 km

· The thin black curve is the probability of detection (with a scale adequately chosen).
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Example 1.

Figure 4: Airplane: Initial azimuth: 300, course: 090

In this example, we see that, the probability of detection is just a bit damaged by the RNSS signal, due to the presence of a satellite in the azimuth of the airplane when it entered in the detection area.
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Example 2: 

Figure 5: initial azimuth 300, course 120.

In this case, were the airplane flight over the radar, we can see that the probability of detection is not damaged by the RNSS signal.

Absence of detection

For each simulation case, we can calculate the sum:
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This value is the cumulative time of detection when the airplane is in the detection area (T_ops_range). The time of “no-detection” is then :

T no detection = T_ops_range –T detection
In our example of figure 4, this small T no detection is 0.4 s. It means that the total time of “no detection” of the airplane during the period of flight in the detection area would be 0.4 seconds, if it were lighted all the time by the radar (in the case of a tracking radar, for instance). In the case of a scanning radar, the interpretation of this T no detection is more difficult. Nevertheless, we propose to use it as measurement of the interference in the next part of the study.

5. Statistical approach

In this part, we intend to have a statistical approach of the interference. Therefore, we made a high number of simulations, with the initial azimuth, the course, and the initial time randomly distributed uniformly. For all these situations, we calculate the time of no detection T no detection.. We obtain the cumulative distribution of this T no detection.

Figure 6 shows the result of a simulation with GPS system, with 500 simulation shots.
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Figure 6: cumulative distribution of the aggregate time of no detection caused by GPS signals

In this figure, we can see that no T no detection has exceeded 5 seconds, and that this probability is very low. From this figure, we can easily explain that no interference was noted in this case.

6. Conclusions

The results of these simulation show that an interference caused by GPS signals has a very small impact, from a statistical point of view, on the detection of an airplane, as it appears to a radar operator. This could be a piece of explanation for the current situation, were no harmful interference was noted in spite of an exceeding of recommended criteria.

Annex A

Probability of false alarm and of detection for radars with a white and gaussian noise

In case of a white gaussian noise, the probability of false alarm for one decision is:
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Where

–
N0 is the power spectral density of the noise

–
T is the value of the decision threshold (in received energy). In a radar design, the choice of a pfa value gives the threshold to be used to decide the presence of an echo: T = -N0.log(Pfa)

And the probability of detection is then:
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Where A is the energy of the signal received.

And
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In the case of radar functioning in Pfa constant, when the noise changes, the threshold becomes

T = -Nlog(pfa)
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With a variable change: L = l/N0, dL = dl/N0
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Pd is function of the A/N ratio. When the noise increases, Pd remains similar if A increase in the same proportion.

____________________

Annex B

Extract of Document 8D/18 of 10 October 2000
RNSS characteristic in the 1 215-1 300 MHz

The following table provide the current GPS P code characteristics in the band 1 215-1 260 MHz 

	A
	
–166
	dBW
	Minimum received power level 
for GPS P code in L2
	M.1088

	B
	
–23.7
	dBm²
	Effective area of 0 dBi antenna
	

	C
	
–142.3
	dBW/m²
	Minimum pfd level for 1 satellite
	C=A-B

	D
	
10
	dB
	Maximum/minimum pfd ratio
	(2 dB end-of-life margin, 2 dB implementation margin, 3 dB variation from isoflux)

3 dB additional margin in order not to constrain the existing signal

	E
	
–132.3
	dBW/m²
	Maximum pfd level 
	E=C+D

	F
	
9.9
	dB
	Ratio between total power and power in 1 MHz

	G
	
	
	
	

	H
	
–142.2
	DBW/m²/MHz
	Maximum pfd per satellite for GPS P code characteristics


Annex C

Radar characteristics

The parameters of the radar used in the calculations are: 

· Probability of false alarm Pfa = 10-6 (fixed, due to the use of a CFAR circuit)
· Noise figure F = 9 dB

· Maximal gain G = 35.6 dB

· Effective surface of the target Sigma = 4 m2

· Loss between antenna and receiver = 5.7 dB
· Video Filter bandwidth: 1.6 MHz

· Energy sent for a detection : 3 J 

For this radar model, a pfd of interfering signal of –151 dBW/m2/MHz in the main lobe corresponds to an I/N of –6 dB. The interference criterion recommended in ITU-R M 1463 is then exceeded of 9 dB in case of GPS constellation, and 18 dB for the GLONASS case.
Elevation radiation pattern
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This radiation pattern is derived of the measured radiation pattern of an ATC radar.

Gain of the radar antenna function of the elevation

Azimuth radiation pattern

The following radiation pattern was used for the interference assessment:
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G =  Gmax– 25 log10(
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Where Gmax is the gain corresponding to the elevation of the airplane regarding the elevation radiation pattern.

Radiation pattern (here for Gmax = 30)
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