
Appendix I

FM Compatibility Issues for VDL Mode 4 and GBAS

(Note: information on FM compatibility for GBAS is only given for reference purposes) 

1.

Introduction.

1.1.
ICAO has identified the need for introducing systems that provide navigation and surveillance functions in the frequency band 108 - 117.975 MHz. One system, known as GBAS (Ground Based Augmentation System) is providing navigational augmentation data from ground-based transmission to all aircraft in certain airspace. The other system, known as VDL (VHF digital link, Mode 4) is providing surveillance data from mainly airborne transmissions. 

1.2

The need for introducing these systems is to enhance air navigation. From the operational point of view, these systems provide air navigation functions. The availability of modern data transmission techniques, together with the introduction of satellite based navigation technology, makes it possible to make a greater use of navigational data that can be derived by on-board as well as ground based equipment. These systems introduce a trend whereby traditional radionavigation (i.e. making use of the propagation properties of radio waves to determine a position of an object) is being enhanced or even replaced with data transmissions. This trend is also emerging in other frequency bands where similar systems are being considered by ICAO for implementation. Currently, the Radio Regulations do not provide for these new applications being accommodated in frequency bands allocated to the (Aeronautical) Radionavigation Service. 

2.

Types of interference mechanism

2.1.

The GBAS and VDL systems will be subject to the same types of interference that can be caused by FM transmissions to ILS/VOR, namely the types A1, A2, B1 and B2 interference.

3.

Characteristics of the GBAS system

3.1

Coverage



a.
laterally, beginning at 140 m (450ft) each side of the landing threshold point/fictitious threshold point (LTP/FTP) and projecting out +/- 35 degrees either side of the final approach path to 28 km (15NM) and +/- 10 degrees either side of the final approach path to 37 km (20 NM)



b. vertically, within the lateral region, up to the greater of 7 degrees or 1.75 promulgated glide path angle (GPA) above the horizontal with an origin at the glide path interception point (GPIP) and 0.45 GPA above the horizontal or such lower angle, down to 0.30 GPA, as required, to safeguard the promulgated glide path intercept procedure. This coverage applies between 30 m (100ft) and 3000 m (10.000 ft) HAT

In order to support future applications, the GBAS signals should be transmitted omni directional. ICAO is considering the use of GBAS systems to support en-route navigation. In this case, the designated operational coverage of GBAS will be determined as is the case for VOR and COM systems, on the basis of operational considerations. 

3.2

Field strength

The minimum field strength to be protected throughout the designated operational coverage is 136 μV/m (-103dBW/m2) for the vertical component of the GBAS signal and 215 μuV/m (-99dBW/m2) for a horizontally polarized signal. The GBAS signal shal be either horizontally polarized or elliptically.

3.3

Frequencies



GBAS frequencies shall be selected from the band 108 - 117.975 MHz; the lowest assignable frequency is 108.025 MHz and the highest assignable frequency is 117.750 MHz. The separation between the assignable frequencies shall be 25 kHz.,  



4.

Characteristics of the VDL system

4.1

Coverage

The designated operational coverage of the VDL facility may vary from one installation to another and is determined on the basis of operational considerations.  

4.2

Field strength



Ground installations: 75 μV/m (-109 dBW/m2)



Aircraft installations: 35 μV/m (-114.5 dBW/m2)



4.3

Frequencies



Frequencies shall be selected as indicated in 3.3 above.

5.

Interference thresholds

5.1

For GBAS, the interference threshold is a message failure rate of less than or equal to one failed message per 1000 full-length (222 bytes) application data messages.

5.2

For VDL, the interference threshold is the maximum corrected bit error rate of 1 in 10 to the power of 4, to be met with a desired field strength of not more than 40 uV/m (-114dBW/m2)

6.

FM interference immunity characteristics for GBAS and VDL



For GBAS and VDL, the same interference as for ILS/VOR, identified in ITU R Recommendation IS.1009 are recognized. These types of interference are also expected to apply to GBAS and VDL systems. These are:



Type A1   interference caused by spurious emissions generated by FM transmitters, including intermodulation products that coincide with ILS/VOR frequencies in use.




Type A2   interference caused out-of-band emissions near to the band-edge 108 MHz.




Type B1   interference caused by intermodulation generated by aeronautical receivers as a result of being driven into non-linearity by two or more high level broadcasting signals.




Type B2   interference caused by desensitization when the RF section of aeronautical receivers is overloaded by one or more broadcast transmissions.

7.

Interference criteria

7.1 

Type A interference



Type A interference is interference that is generated by one (or more) FM transmitters where components of spurious emissions or intermodulation products coincide with aeronautical frequencies that are in use. Type A interference characteristics are not addressed in Annex 10.  It is necessary to confirm if the type A interference protection ratios, which were established for ILS/VOR in ITU R Recommendations SM.1009 are also applicable for GBAS and VDL as well. Type A interference is on-channel interference that cannot be attenuated by front-end receiver RF circuitry. 

 

7.1.1

Type A1 interference

Table 1 below gives the values of the protection ratio to be used for ILS/VOR. Type A1 interference need not be considered for frequency differences greater than 200 kHz. When the interference is on the same frequency as the ILS/VOR frequency, the protection ratio (for signals-in-space) is 14 dB. In case the interference is off-set from the actual ILS/VOR frequency, the protection ratios in table 1 apply. 

TABLE  1

	Frequency difference between wanted signal 
and spurious emission
(kHz)
	Protection ratio
(dB)

	0
	14

	50
	7

	100
	–4

	150
	–19

	200
	–38


7.1.2.

Type A2 interference

Table 2 below gives the values of the protection ratio to be used for ILS/VOR. Type A2 interference need not be considered for frequency differences greater than 300 kHz.

TABLE  2

	Frequency difference between wanted
signal and broadcasting signal
(kHz)
	Protection ratio
(dB)

	150
	–41

	200
	–50

	250
	–59

	300
	–68


Note: The information in 7.1.1. and 7.1.2 above is taken from ITU R Recommendation MS.1009.



7.2
Type B interference

Type B interference is interference generated in the aeronautical receiver as a result of the front end being driven in non-linearity by high-level broadcast signals. 

7.2.1
Type B1 interference

This is interference caused by (aeronautical_ receiver generated intermodulation products. 

7.2.1.1.

Annex 10 chapter requires that the ILS/VOR receiving system shall provide adequate immunity to interference from two-signal, third-order intermodulation products caused by FM broadcast signals having levels in accordance with
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for FM sound broadcast signals in the range of 107.7 - 108 MHz and
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for FM sound broadcast signals below 107.7 MHz.

N1 and N2 are the levels (dBm) of the two FM sound broadcasting signals at tle ILS/VOR receiver input. Neither level shall exceed the desensitization criteria (see 7.2.2. below).

Δf = 108.1-f1 where f1 is the frequency of N1, the VHF sound broadcasting frequency closer to 108.1 MHz

7.2.1.2.
In Recommendation SM.1009, these formulas have been elaborated as follows:

a)
Two-signal case
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where:


N1, N2 :
broadcasting signal levels (dBm) at the input to the aeronautical receiver for broadcasting frequencies f1 and f2 respectively


f1, f2 :
broadcasting frequencies (MHz) f1  f2

K  
78 for ILS localizer and VOR


Lc :
correction factor (dB) to account for changes in wanted signal levels (see § 4.3.3.3)


S :
3 dB margin to take into account of the fact that the ICAO Annex 10 1998 receiver immunity criteria equations do not provide comprehensive compatibility assessment formulae.

b)
Three-signal case
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(11)

where:


f1, f2, f3 :
broadcasting frequencies (MHz) f1  f2,  f3

N1, N2, N3 :
broadcasting signal levels (dBm) at the input to the aeronautical receiver for broadcasting frequencies f1, f2 and f3 respectively


K  
78 for ILS localizer and VOR


Lc :
correction factor (dB) to account for changes in wanted signals, (see § 4.3.3.3)


S :
3 dB margin to take into account of the fact that the ICAO Annex 10 1998 receiver immunity criteria equations do not provide comprehensive compatibility assessment formulae.

7.2.1.3. 

Frequency offset correction

Before applying formulae (10) and (11), a correction from Table 5 is applied to each signal as follows:



N (corrected)    N  –  correction term

Type B1 interference need not be considered for frequency differences greater than 150 kHz; in such cases, signal levels would be so high that type B2 interference would occur.

TABLE  5

	Frequency difference between wanted signal
and intermodulation product
(kHz)
	Correction term
(dB)

	0
	0

	50
	2

	100
	5

	150
	11


7.2.1.3.1

Correction factor to account for changes in immunity resulting from changes in wanted signal levels

The correction factor, Lc, described in § 4.2.3.3 for Montreal receivers but with Nref  –86 dBm for ILS localizer and ‑79 dBm for VOR, is to be used.

4.2.3.3
Correction factor to account for changes in Type B1 interference immunity resulting from changes in wanted signal levels

The following correction factor may be applied for ILS localizer and VOR, two and three-signal cases:



Lc    NA  –  Nref
(6)

where:


Lc :
correction factor (dB) to account for changes in the wanted signal level


NA :
wanted signal level (dBm) at the input to the aeronautical receiver


Nref :
reference level (dBm) of the wanted signal at the input to the aeronautical receiver for the Type B1 interference immunity formula



 –89 dBm for ILS localizer and



 –82 dBm for VOR.

7.2.1.4.
For GBAS, the same criteria as in paragraph 7.2.1.1 above have been agreed. (Annex 10, Volume 1, Appendix B, paragraph 3.6.8.2.2.8.3 refers) It is assumed (and requires confirmation) that the same detailed criteria on type B1 interference as in SM.1009 can be applied when assessing compatibility between GBAS and FM broadcasting.

7.2.1.5.
For VDL mode 4, only FM broadcasting compatibility criteria are developed when operating in the frequency range 117.975 - 137 MHz. Annex 10 states that the VDL (all modes) receiving function shall satisfy the specified error rate with a desired field strength of not more that 40 μV/m, and with one or more VHF FM broadcast signals having a total level at the receiver input of minus 5 dBm. It is questionable if this criterion applies to the band 108 - 117.975 (or a part thereof) as well. It should be given serious consideration if for VDL operating in the band 108 - 117.975 MHz FM immunity characteristics similar to those of GBAS should be established.

7.2.2.

Type B2 Interference

This is interference occurring when the RF section of a receiver is subject to overload by one or more broadcasting transmissions.

7.2.2.1

Annex 10 requires that the ILS/VOR receiving systems shall not be desensitized in the presence of VHF FM broadcast signals having levels in accordance with the following table:

	Frequency (MHz)
	Maximum level of unwanted signal at receiver input (dBm)

	88-102
	+15

	104
	+10

	106
	+5

	107.9
	-10


7.2.2.2.
In Recommendation SM.1009, this table has been converted into

the following empirical formula that may be used for the assessment of B2 type interference for the determination of the maximum level of a broadcasting signal at the input to the airborne ILS localizer or VOR receiver to avoid potential interference:
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where:


Nmax :
maximum level (dBm) of the broadcasting signal at the input to the aeronautical receiver


f :
broadcasting frequency (MHz) 


S :
3 dB margin to take into account of the fact that the ICAO Annex 10 1998 receiver immunity criteria equations do not provide comprehensive compatibility assessment formulae


Lc:
correction factor (dB) to account for changes in the wanted signal level. Lc  max(0; 0.5(NA – Nref)).



NA :
wanted signal level (dBm) at the input to the aeronautical receiver



Nref :
reference level (dBm) of the wanted signal at the input to the aeronautical receiver for the type B2 interference immunity formula




  –86 dBm for ILS localizer




  –79 dBm for VOR.

7.2.2.3

For GBAS, the same criteria as in 7.2.2.1 have been established when GBAS is operating in the frequency range of 108 - 111.975.

For GBAS, operating in the frequency range 112 - 117.975 MHz, the following criteria were established

	Frequency (MHz)
	Maximum level of unwanted signal at receiver input (dBm)

	88-1042
	+15

	106
	+10

	107
	+5

	107.9
	0


(Annex 10, Volume 1, Appendix B, paragraph 3.6.8.2.2.8.2 refers)

It is assumed (and requires confirmation) that the same detailed criteria for B2 type interference as in SM.1009 can be applied when assessing compatibility between GBAS and FM broadcasting.

Concerning the improved desensitization characteristics of GBAS when operating in the range 112 - 117.975 MHz, additional material for incorporation in Recommendation SM.1009 needs to be developed. 

7.2.2.4.
For VDL mode 4, only FM broadcasting compatibility criteria are developed when operating in the frequency range 117.975 - 137 MHz. Annex 10 states that the VDL (all modes) receiving function shall satisfy the specified error rate with a desired field strength of not more that 40 μV/m, and with one or more VHF FM broadcast signals having a total level at the receiver input of minus 5 dBm (i.e. shall not be desensitized). It is questionable if this criterion applies to the band 108 - 117.975 (or a part thereof) as well. It should be given serious consideration if for VDL operating in the band 108 - 117.975 MHz FM immunity characteristics similar to those of GBAS should be established.
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