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1. Introduction

ICAO Annex 10 Standard and Recommended Practices (SARPS), VOL III, Part I, Para  6.9.2.1.2 recommends that a VDL 4 transmitter/receiver should be capable of tuning to any of the 25 kHz channels from 108 to 117.975 MHz, and provides the Note saying that the band 108 – 117.975 MHz may be utilized in some States for ADS application.

If a VDL 4 based Automatic Dependent Surveillance (ADS) System wants to take benefit from the above mentioned provision of Annex 10, inter alia, the conditions for assuring the compatibility between that ADS System and FM Sound Broadcast in the frequency range from about 87 MHz to 107,9 MHz have to be verified.

While well proved criteria and procedures for assuring the compatibility between ILS and VOR systems exist, for VDL 4 based ADS these criteria have yet to be developed. For ILS and VOR systems, where transmitters are only on ground, only the airborne ILS/VOR receivers are considered as victims of interference caused by FM Broadcast stations, but the interference of ILS/VOR ground transmitters with FM broadcast receivers is assumed to be non-existent or at least negligible.

In the case of VDL 4 based ADS, where airborne transmissions occur, both the airborne VDL 4 receiver as a victim of FM Broadcast and the FM Broadcast receiver  as a victim of the airborne VDL 4 transmission have to be considered.

This paper tries to assess the scope of potential interference, which FM Broadcast receivers may suffer from  airborne VDL 4 ADS transmissions, by means of technical information taken from available paper sources.

2. The Sources Used and the Relevant Information Taken

The assessment of potential interference with FM receivers is based on the following material:

· Rec ITU-R BS.412-9 „Planning Standards for Terrestrial FM Sound Broadcasting at 

      VHF“ (latest amendment 1998)

· ITU Rec 451-2
„Minimum Performance Specifications for Low-Cost Sound-Broad-




casting Receivers“ (latest amendment 1986)

· ITU Rec 641
„Determination of Radio-Frequency Protection Ratios for

Frequency-Modulated Sound Broadcasting“ (issued 1986)

· ITU Rec 704
„Characteristics of FM Sound Broadcasting Reference Receivers

for Planning Purposes“

· A Graphic Plot of a Selectivity Curve of a Mean FM Receiver, provided by Institut für

Rundfunktechnik (IRT), Munich.

From these sources the following listed information deemed to be sufficient for consideration for the assessment:

Rec 412-9:

Table 1 and Table 2 of that recommendation presents the minimum field strength generated by the FM BC transmitters and measured in a height of 10 m above surface.

TABLE  1

	
	Services

	Areas
	Monophonic dB (V/m)
	Stereophonic dB (V/m)

	Rural
	48
	54

	Urban
	60
	66

	Large cities
	70
	74


TABLE  2

	Services
	

	Monophonic dB (V/m)
	Stereophonic dB (V/m)

	34
	48


The figures in Table 1 are median values, but the figures in Table 2 are not median values and not directly comparable with those in Table 1. However it is not explained what type of figures Table 2 contains. The figures in Table 2 are valid for areas without any manmade noise, and when outdoor antennas for Mono and directional antennas for stereo are used.

Table 3 provides the D/U ratios for desired and undesired FM BC stations with different parameters such as Mono or Stereo, steady or tropospheric interference, for a maximum frequency deviation of ( 75 kHz. Another Table of the Rec 412-9, which provides the D/U ratios for a maximum frequency deviation of ( 50 kHz, is not depicted here, because the differences of that Table to Table 3 here are for higher carrier frequency spacing negligible to zero.

It must be noted that the figures in Table 3 are valid, if the interferer is another FM BC station, and not lets say a VDL 4 transmitter.

TABLE  3

	
	Radio-frequency protection ratio (dB) using a maximum
frequency deviation of  75 kHz

	Carrier 
frequency
	Monophonic
	Stereophonic

	spacing
(kHz)
	Steady 
interference
	Tropospheric
interference
	Steady 
interference
	Tropospheric
interference

	000
	–36.0
	–28.0
	–45.0
	–37.0

	025
	–31.0
	–27.0
	–51.0
	–43.0

	050
	–24.0
	–22.0
	–51.0
	–43.0

	075
	–16.0
	–16.0
	–45.0
	–37.0

	100
	–12.0
	–12.0
	–33.0
	–25.0

	125
	0–9.5
	0–9.5
	–24.5
	–18.0

	150
	0–8.0
	0–8.0
	–18.0
	–14.0

	175
	0–7.0
	0–7.0
	–11.0
	–10.0

	200
	0–6.0
	0–6.0
	0–7.0
	0–7.0

	225
	0–4.5
	0–4.5
	0–4.5
	0–4.5

	250
	0–2.0
	0–2.0
	0–2.0
	0–2.0

	275
	0–2.0
	0–2.0
	0–2.0
	0–2.0

	300
	0–7.0
	0–7.0
	0–7.0
	0–7.0

	325
	–11.5
	–11.5
	–11.5
	–11.5

	350
	–15.0
	–15.0
	–15.0
	–15.0

	375
	–17.5
	–17.5
	–17.5
	–17.5

	400
	–20.0
	–20.0
	–20.0
	–20.0


Annex 2, Paragraph 2 of this Rec states that measurement showed that for carrier frequency spacing beyond 400 kHz there were no differences between D/U ratios, whether the interfering signal was modulated or not.

Rec 415-2:

From this Rec is taken over:   Overall selectivity  -30 dB at ( 300 kHz

Rec 641:

This Rec contains methods for measuring the protection ratios for FM receivers, and no information is taken over.

Rec 704:

From this Rec the following information on the reference receiver is taken over:

The selectivity with carrier frequency spacing ( 400 kHz should be as such that the RF D/U ratios of Rec 412-9 are met.

The selectivity with carrier frequency spacing ( 400 kHz should be as such that the RF D/U ratios are substantially lower than –25 dB.

Selectivity Curve of a mean FM receiver according to IRT:
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3. Assessment of Separation Distance Between a FM Receiver and an Airborne VDL 4 Transmitter

The calculation of the separation distance necessary to avoid interference of the airborne VDL 4 transmitter with a FM receiver is performed by using the following prerequisites:

· Use of the information provided by the sources mentioned in Paragraph 2 above.

· The VDL 4 transmitter radiates 10 dBW isotropically.

· Free space propagation of the VDL 4 transmission.

The material listed in Para 2, contains at one hand minimum desired field strengths and D/U ratios, and at the other hand a few information on selectivity of FM BC receivers. The information on selectivity can be taken for calculations cross-checking the results, which are obtained when using the minimum desired field strengths and D/U ratios. Therefore, the calculation of separation distances is done by means of two different methods.

Method 1:

Using the minimum desired FM field strength of Table 1 or Table 2 in connection with the D/U figures of Table 3, the distance is calculated, which makes sure that the field strength generated by the VDL 4 transmitter at the place of the FM BC receiver does not violate the respective D/U value. In this case the interfering VDL 4 transmitter is treated as a FM BC transmitter. Since the spectrum of the VDL 4 transmitter ((20 kHz) is much narrower than the spectrum of a FM BC transmitter ((150 kHz) the calculated separation distances are larger than those distances, which would be obtained if the VDL 4 spectrum as interferer could be taken into account. Therefore the calculated separation distances are worst case figures.

Method 2:

Here the available information on selectivity of a FM BC receiver from the sources of Para 2 are applied. The attenuation of the selectivity curve of the FM BC receiver for a certain carrier frequency difference is taken to reduce the nominal power of the VDL 4 transmitter to an effective power, which interferes as a co-channel power with the FM BC receiver.

Calculation of separation distances by Method 1:

From Table 1 the desired minimum field strength, generated by the FM BC transmitter, is chosen as 48 dBµV/m for Monophonic, and 54 dBµV/m for Stereophonic. These values refer to rural areas and are median values. The values of Table 2 are not taken, because it is not clear what percentile the field strength represent, how they can be compared with the field strength of Table 1, and finally because they are only valid in areas without any manmade noise and when outdoor antennas are used. The last point may apply to only a small number of FM BC listeners with high quality receivers.

From Table 3 the D/U ratios are taken. Since it turned out that reasonable separation distances could be calculated for carrier frequency spacing of 200 kHz and more, only D/U values for such carrier frequency spacing are used. In this case Table 3 shows that the D/U values are the same for steady interference and tropospheric interference, and are also the same or almost the same for Mono and Stereo.

As an example, the calculation of the separation distance according to Method 1 is carried out for a carrier frequency separation of 200 kHz and Mono.

        Edesired = 48 dBµV/m

            D/U = 6 dB

      Pundesired = 10 dBW

(  Eundesired = 42 dBµV/m

Formula for calculating E for free space propagation and isotropic radiation of P:

E/dbµV/m = 74,8 + P/dBW – 20 lg d/km     ( lg d = (74,8 + P – E)/20   ( d = 10 lgd
E has to be taken as the undesired field strength, generated by the VDL 4 transmitter of power P.

With the above figures is

lg d = (74,8 + 10 – 42)/20 = 2,14   (  d = 138 km

The separation distances calculated by Method 1 are shown in the following Table 4.

	Carrier frequency

separation/kHz
	         Separation distance/km

	
	              Mono
	      Stereo

	          200
	( 138
	( 78

	          300
	( 31
	( 15

	          400
	( 6,9
	( 3,5



    Table 4: Separation distances calculated by Method 1

Notes to Table 4: - The sign „( „ is used to indicate that the distances are worst case 

        values, due to the narrower spectrum of VDL 4 compared with FM 

        BC.

     - Rec 704 says that for carrier frequency spacing larger than 

400 kHz the D/U of the reference receiver should be substantially lower than –25 dB. If –26 dB for 500 kHz carrier frequency spacing are assumed, the separation distance for 500 kHz is half the separation distance for 400 kHz in Table 4.

Calculation of separation distances by Method 2:

As an example for the application of Method 2, the separation distance for a frequency carrier spacing of 200 kHz, Mono, is carried out.

From the selectivity curve provided by IRT an attenuation of the VDL 4 signal of 35 dB is taken. So the effective power of the VDL 4 transmitter, which imposes the FM receiver, is the VDL 4 transmitter nominal power minus 35 dB. This effective power has to be regarded as co-channel power for the FM receiver, and the respective D/U ratio for co-channel has to be applied.

It is assumed to be sufficient accurate to neglect the spectrum bandwidth of the VDL 4 transmitter, when taking the attenuation from the IRT selectivity curve, because almost the whole power of the VDL 4 transmitter is within ca 20 kHz, and the variation of the attenuation of the IRT curve for carrier frequency spacing of 400 kHz and more is not big for a frequency interval of 20 kHz. Furthermore, the statement of Rec 412-9, Annex 2, Para 2, may be considered (see page 4).

         Peff = 10 dBW – 35 dB = -25 dBW

    Edesired = 48 dBµV/m (from Table 1)

D/U ratio = 28 dB (from Table 3, carrier freq. spac. 0 kHz, tropospheric), leads to 

  Eundesired = 20 dBµV/m

With the formula for free space propagation it becomes

lg d = (74,8 – 25 – 20)/20 = 1,49  (  d = 30,9 km ( 31 km

Table 5 presents the calculated separation distances when using Method 2.

	carrier frequency separation/kHz
	                             Separation distance/km

	
	           using IRT selectivity curve
	using figure of Rec 415-2 (-30 dB at (300 kHz)

	
	         Mono
	         Stereo
	        Mono
	    Stereo

	          200
	            31
	            44
	             -
	          -

	          300
	            10
	            14
	           55
	        78

	          400
	              7
	            10
	             -
	          -


 Table 5: Calculated Separation Distances by Method 2

4. Discussion of the Results

The results, depicted in Table 4 and Table 5, show significant differences. The question is, which results can be trusted in more, reflecting as close as possible the reality. 

Considering 

· that the minimum desired FM BC field strength and the D/U values are recommended by ITU Rec 412-9, 

· that the above mentioned Statement in Annex 2 of that Rec indicates there is no influence on the D/U for carrier frequencies beyond 400 kHz, whether the interfering signal is modulated or not,

· that the Method 2 is not based on any ITU Rec, and was applied here to get results for comparison purposes, and that the available information on selectivity are rather poor,

it is supposed that the results in Table 4, based on Method 1, should have the higher level of confidence. They are used here for further considerations.

Table 4 presents a separation distance of 6,9 km for Mono and 3,5 km for Stereo for a carrier frequency separation of 400 kHz. No detailed figures of D/U values for carrier frequency spacing wider than 400 kHz are provided in the ITU Rec 412-9, only Rec 704 says that those D/U values should be substantially lower than –25 dB. Therefore, no calculations of separation distances based on figures of Rec 412-9 can be made for carrier frequency spacing of more than 400 kHz. For this range of carrier frequency spacing good guesses, in regard of „D/U ratios substantially lower than –25 dB“, are necessary, and a subjective influence of the person who does the guesses is unavoidable.

Some example: If for a carrier frequency spacing of 500 kHz a D/U of –26 dB would be applied, the separation distances would be 3,5 km for Mono and 1,8 km for Stereo. 

If for a carrier frequency spacing of 600 kHz a D/U of –35 dB would be applied, the separation distances would be 1,23 km for Mono and 0,62 km for Stereo. 

If the VDL 4 frequency is chosen to be 108,0 MHz, it can be taken from Table 4 that FM BC reception can be interfered on frequency 107,8 MHz in distances up to 138 km, on frequency 107,7 in distances up to 31 km, and on frequency 107,6 MHz in distances up to 6,9 km. The frequency 107,9 MHz will be interfered with up to distances significant larger than 150 km, this distance might be limited by the radio horizon of the airplane.

If the VDL 4 frequency is chosen to be 108,5 MHz, then according to the above examples only the FM frequency  107,9 MHz suffers from interference up to a distance of 1,23 km from the airplane.

The above examples lead to the recommendation that, based on this theoretical assessment, VDL 4 ADS should not use frequencies lower than 108,5 MHz, until other studies, preferably including measurement series, or long-time experience, prove that lower frequencies can be used without unacceptable interference with FM BC receivers.

This recommendation is assumed to warrant a high protection of FM BC reception (maybe an overprotection), and the discussion following hereafter indicates that the number of affected FM BC receivers, compared with the whole entity of FM BC receivers, and the probability of interference is very low. After all, FM BC is not a safety of life service, and it is inappropriate to try to protect all low-cost low-quality FM BC receivers in all environments.

It is recalled that the D/U values of Table 3 are valid if the desired and undesired signals are FM BC signals. The VDL 4 transmitter is according to Annex 10 assumed to operate in the function ADS in frequency range 108 – 117,975 MHz. In the ADS function the VDL 4 airborne transmitter radiates pulses of around 15 ms every second. There is no experience known how these bursts sound like to a BC listener. Difficult measurement series (including listener panel evaluations) for defining D/U values for the case that the desired signal is FM BC and the undesired signal is VDL 4 in ADS function, would achieve other - supposedly lower - D/U ratios than those in Table 3. This would result in smaller separation distances.

The possible interference of an airborne VDL 4 ADS transmitter with a FM BC receiver is a time limited process, since the interferer is moving over the victims rather fast. The probability which a special FM receiver may be affected, depends on some different factors such as assumed separation distance combined with height of the plane, speed of the airplane, the environment in which the FM receiver is operated, the received FM frequency combined with the VDL 4 frequency, and selectivity of that special FM receiver. For instance, if the FM receiver is operated in an urban area, the separation distances are, according to Table 1, only a quarter of those for rural areas. In general, because of the higher required desired field strength, the urban areas and large cities (see Table 1), which are the areas with the higher FM receiver densities, are better protected from interference than rural areas. Therefore, for only a small number of FM receivers the above calculated separation distances apply, while for the majority of FM receivers the separation distances are small enough that the aircraft will not violate those distances. 

To get an impression about the time of disturbance of the FM receivers, the following example is given: If the separation distance is 2 km, and the altitude of the plane is also 2 km, only the FM receivers vertically below the plane are exposed, they will (theoretically) receive one or even none burst. If the altitude is 1 km, the exposed area below the plane is a circle with a diameter of 2,44 km. With a speed of 300 km/h (final approach) the plane makes this distance in about 30 seconds.

As detailed before, only FM BC receivers using frequencies 107,4 MHz and higher may be interfered, if the VDL 4 frequency is 108,0 MHz. If the VDL 4 frequency is 108,5 MHz, only BC listeners on frequency 107,9 MHz may be disturbed.

From Rec 412-9 and Rec 704 it is not clear, whether the assumed selectivity of the FM receiver is a median value or not. Surely there will be a wide variety of the selectivity of FM receivers, but it is assumed that the D/U ratios of Rec 412-9 (Table 3) are valid for a mean selectivity. BC listeners, who have high requirements on the quality of reception of Hifi BC programs, in general have high quality Stereo FM receivers with a pretty good selectivity. These (Stereo-) FM receivers are better protected than portable low cost  (Mono-) receivers because of their better selectivity.

So if the above recommendation is observed and the VDL 4 frequency is 108,5 MHz, it is concluded that FM receivers on 107,9 MHz in rural areas may be interfered by low speed VDL 4 ADS airplanes below 2000 m altitude during a time period of between 0 and 30 seconds, depending on the altitude. The number of FM receivers which may be interfered with, is assumed to be very small compared with the overall number of FM receivers.

5. The Impact of ILS and VOR Ground Stations on FM BC Receivers

In order to compare with the interference potential of airborne VDL 4 ADS, a closer look at the interference potential of ILS and VOR ground transmitters with FM BC is taken.

The lowest assignable frequency for ILS is 108,1 MHz, and the lowest assignable frequency for (Terminal-) VOR is 108,0 MHz.

The EIRP of the ILS narrow beam (( 10° from centre line) may be assumed to be 25 dBW, and the EIRP for the wide beam (( 35° from centre line) may be assumed to be 15 dBW.

The EIRP of VOR is assumed to be between 17 dBW for Terminal VOR and 26 dBW for En-route VOR. Originally, the frequency range from 108 - 111,8 MHz was intended to be used only by Terminal VOR, but in practice, due to frequency congestion, this frequency range is also used by En-route VOR.

The antenna height above ground level for ILS is around 3 m. The antenna height of a VOR may be in the order of 10 to 20 m above the surrounding area, because the sites of VOR are selected to have an obstacle free sight to the horizon. 

The line of sight distance between an ILS and a 5m high FM receiver may be assumed to be 15 km, and the average line of sight distance between a VOR and a 5m high FM receiver may be assumed to be 24 km.

As an example, the separation distances for a VOR with a power of 17 dBW, is given in Table 6. The VOR is treated as an FM BC station, the separation distances were calculated under the same conditions as those for VDL 4 by Method 1, the D/U for a carrier frequency spacing of 500 kHz is taken as –26 dB.

	carrier frequency spacing/kHz
	                separation distance/km

	
	         Mono
	         Stereo

	          100
	       616
	      3470

	          300
	         70
	          35

	          500
	           8
	            4



Table 6: Separation distances for VOR ground transmitter 17dBW

Table 6 shows that for a carrier frequency spacing of 300 kHz and less the whole line of sight area around a VOR is exposed. Since the VOR radiates continuously, and, according to Rec 412-9, Annex 2, the D/U for carrier frequency spacing more than 400 kHz are independent from the modulation of the interferer, it is more reasonable to treat the VOR as a FM BC station than a VDL 4 ADS transmitter.

Since there are no restrictions in respect to interference with FM BC receivers, VOR ground stations may use frequencies from 108,0 MHz upward, and therefore have the potential to disturb FM receivers in the frequency range 107,7 – 107,9 MHz in the whole line of sight area of VOR, and in a part of the line of sight area additionally on 107,5 – 107,6 MHz.

Looking at the ILS situation, it does not seem to be necessary here to calculate separation distances, since the results would be similar to those achieved for VOR. The main difference is that the affected area is a sector of ( 35° from the centre line and limited by the line of sight distance. Therefore, the number of affected FM BC receivers is significant lower for ILS than that for VOR.

Comparison of the interference potential of VDL 4 ADS with the interference potential VOR/ILS shows that the interference caused by VOR/ILS is continuously and affects a constant area with always the same FM receivers. The interference caused by airborne VDL 4 ADS affects different FM receivers for a short time period according to the flight path.

If the above recommendation is observed, VDL 4 ADS may affect only FM BC receivers on 107,9 MHz in a small area for a short time, while VOR/ILS may affect continuously FM BC receivers using frequencies from 107,5 – 107,9 MHz in a rather large area. In this case the number of affected FM BC receivers by VDL 4 ADS interference and VOR/ILS interference may be in the same order of magnitude, but the interference of VOR/ILS may be more annoying because of its continuous mode.

It seems to be appropriate that, although it is not within the scope of this paper, a short consideration on the interference potential of VDL 4 ADS ground stations should be made. The interference potential of a VDL 4 ADS ground station can be taken as similar as the interference potential of a VOR. Since the interference potential of VOR/ILS is disregarded, also the interference potential of VDL 4 ADS ground station could be disregarded. But if the above recommendation on preliminary frequency use for airborne VDL 4 ADS is observed, the interference potential of VDL 4 ADS ground station is significant lower than that of VOR.

6. Conclusion

The assessment of the interference potential of airborne VDL 4 ADS transmissions with FM BC receivers, based on information provided by ITU recommendations and additional subjective assumptions, leads to propose the recommendation that preliminary, frequencies lower than 108,5 MHz should not be used for VDL 4 ADS, in order to establish a protection level with a certain safety margin for FM BC receivers. Lower frequencies, down to 108,0 MHz, may be used, when other studies, preferably including measurement series, or long-time experience, have proved that FM BC receivers are not interfered in an unacceptable way.





__________________________

			Summary





The assessment of the interference potential of airborne VDL 4 ADS transmissions with FM BC receivers, based on information provided by ITU recommendations and additional subjective assumptions, leads to propose the recommendation that preliminary, frequencies lower than 108,5 MHz should not be used for VDL 4 ADS, in order to establish a protection level with a certain safety margin for FM BC receivers. Lower frequencies, down to 108,0 MHz, may be used, when other studies, preferably including measurement series, or long-time experience, have proved that FM BC receivers are not interfered in an unacceptable way.
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