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1. Introduction

1.1.

ICAO Annex 10, Vol. III, Part I, Paragraph 6.9.2.1.2 recommends that a VDL transmitter/receiver should be capable of tuning to any of the 25 kHz channels from 108 to 117.975 MHz. VDL 4 provides surveillance functions through the transmission of Automated Dependent Surveillance messages. This ICAO Recommendation is expected to be upgraded to a Standard, subject to appropriate provisions being included in the ITU Radio Regulations at WRC 2003.  An important aspect in the preparatory work for WRC 2003 is to secure compatibility with the FM Broadcasting service, operating in the band 87.5 – 108 MHz in such a way that no constraints will be placed on the Broadcasting Service in addition to those that have already been agreed in order to protect ILS/VOR, operating in the band 108 – 117.975 MHz ITU-R Recommendation SM.1009 refers). In addtion, since the transmissions are from the aircraft (to other aircraft and ground stations), it is necessary to secure that no harmful interference will be caused to FM Broadcast receivers.  

1.2

This paper assesses the scope of potential interference to FM Broadcast receivers on the basis of an analysis of the existing material, as outlined below.

2. Material used in the assessment.

2.1

The assessment of potential interference with FM receivers is based on the following sources material contained in ITU-R Recommendation BS.412-9 on the planning standards for terrestrial FM sound broadcasting at VHF.

2.2.1

Tables 1 and 2 of Recommendation 412-9 present the minimum field strength generated by the FM broadcasting transmitters and measured at a height of 10 m above surface as follows.

TABLE  1 of Rec. 412-9. (In the presence of iterference from indusrial and  domestic equipment)

	
	Services

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

	Rural
	48
	54

	Urban
	60
	66

	Large cities
	70
	74


TABLE  2 of Rec. 412-9.  (In the absence of interference from industrial and domestic equipment)

	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. 

2.2.2

Table 3 of Recommendation 412-9 provides the D/U signal ratios for  for FM Broadcasting signals with different parameters such as monophonic or stereophonic reception, steady or tropospheric interference. These D/U ratios were established when the interfering signal is from another FM broadcasting station and require further confirmation for the case when the interferer is a VDL transmitter, which has different signal characteristics than were assumed in Recommendation 412-9.

TABLE  3 of Recommendation 412-9

	
	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


2.3

ITU-R Recommendation 704 provided information on the characteristics of FM sound broadcasting reference receivers for planning purposes.

3

Assessment of the minimum separation distance between a FM receiver and an airborne VDL transmitter

3.1

The assessment of the minimum separation distance necessary to avoid interference of the airborne VDL 4 transmitter with a FM receiver included the following conditions:

· FM Broadcasting receiver characteristics as referenced in paragraph 2 above.

· The VDL transmitter eirp: 10 dBW.

· Free space propagation.

3.2.

Minimum separation distances between FM Broadcast receivers and VDL transmitters were calculated by using the minimum desired FM Broadcasting signal field strength in connection with the D/U figures of Table 3 as per Recommendation 412-9. 

3.3

Calculation of separation distances:

3.3.1

From Table 1 in Recommendation 412-9 the desired minimum field strength of the FM broadcasting signal was taken as follows:

48 dBµV/m for monophonic transmissions

54 dBµV/m for stereophonic transmissions 

These values refer to rural areas and are median values. 

3.3.2.

The D/U ratios as in Table 3 were used in the calculations with a channel spacing of 200 kHz and more.It was observed that Table 3 shows that the D/U values for steady interference and tropospheric interference are almost the same for both monophonic and stereophonic interference.

3.3.3.

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 = 2,29   (  d = 138 km

3.3.4.

The separation distances for carrier frequency separations of 200, 300 and 400 kHz  between the FM Broadcasting signal and the VDL Mode 4 signal are presented in Table 4 below:

	Carrier frequency

separation/kHz
	         Separation distance/km

	
	              Mono
	      Stereo

	          200
	138
	78

	          300
	31
	15

	          400
	6.9
	3.5


Table 4: Separation distances

Notes to Table 4: 

- These distances are worst case values, due to the narrower spectrum of VDL signals compared with FM Broadcasting signals.

    
 - ITU R Recommendation 704 indicates 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 is assumed, the minimum separation distance would be less than 3.5 km for monophonic FM transmissions and 1.75 km for stereophonic transmissions. 

4.

Discussion of the Results

4.1

Table 4 presents a minimum separation distance of 6.9 km for monophonic and 3.5 km for stereophonic reception between a VDL station and an FM broadcast receiver, with a carrier frequency separation of 400 kHz. ITU R Recommendation 704 indicates that for afrequency separation greater than 400 kHz, the D/U ratio should be substantially less than –25 dB. (If for a carrier frequency spacing of 500 kHz a D/U of –26 dB would be applied, the minimum separation distances would be 3.5 km for monophonic signals and 1.75 km for stereophonic signals. If for a carrier frequency spacing of 600 kHz a D/U of –35 dB would be applied, the minimum separation distances would be 1.23 km for monophonic reception and 0.61 for stereophonic reception.) 

4.2.

With a VDL frequency at 108,1 MHz, it can be conluded from the results in Table 4 that FM broadcasting reception can be interfered on frequency 107,9 MHz in distances up to 138 km, on frequency 107,8 in distances up to 31 km, and on frequency 107,7 MHz in distances up to 6.9 km. When the VDL frequency is at 108,5 MHz, only the FM broadcasting frequency 107,9 MHz would be interfered within a distance of 1,23 km from the aircraft.

4.3.

The above examples lead to the recommendation that VDL should not use frequencies lower than 108,5 MHz, until futrhter studies prove that lower frequencies can be used without unacceptable interference with FM broadcasting receivers. With these measures, that the probability of interference to FM broadcasting receivers is very low.

4.4.

It is recalled that the D/U values of Table 3 are valid if the desired and undesired signals are FM broadcasting signals. The VDL airborne transmitter radiates pulses of around 15 ms every second. There is no experience known how these bursts are processed in an FM broadcasting receiver. Further measurements series (including listener panel evaluations) for determining D/U values for this case would enable a more accurate assessment of the potential interference.  

5. 

Conclusion

5.1.

In summary, if the lowest usable VDL frequency is 108,5 MHz, it is concluded that FM receivers on 107,9 MHz in rural areas may be interfered by VDL equipped airplanes below 1300 m altitude during a time period of between 0 and 40 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.

6.

Action proposed

6.1.

WP 8B is invited to review the information in this paper and to initate liaison with SG 6 (Broadcasting), as required.

7.

Action by Working Group F  

7.1

Working Group F is invited to review this paper in the light of its submission to ITU Working Party 8B in May 2002.

			Summary





This paper presents the result of an assessment of the interference potential of airborne VDL transmissions to FM broadcast receivers. The assessment is based on information provided by the relevant ITU-R recommendations. It concludes that compatibility between the airborne transmissions and FM broadcasting is feasible  when, preliminary, frequencies below 108,5 MHz are not used for VDL airborne transmission, in order to secure protection FM broadcasting receivers. It recommends to liase these results with SG 6 (Broadcasting). This paper is proposed for presentation to the ITU WP 8B meeting in May 2002
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