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1. SCOPE
1.1 This paper provides an initial view on the impact that Space-Based VHF (SB-VHF) for voice communication may have on the aeronautical VHF band (118-137 MHz).
1.2 Although separation criteria applicable to SB-VHF have yet to be defined, simple assumptions can provide a good idea of the impact of allocating space-based channels for service in remote airspace such as the North Atlantic on the existing terrestrial services.
1.3 All the assumptions and calculations in this paper are based on the SB-VHF SARPs Validation Report presented in FSMP WG19, the current SAFIRE database, and the current ICAO global database.
2. FREQUENCY PLANNING CONSIDERATIONS
2.1 Curent VHF congestion situation in Europe
2.1.1 The VHF COM band (118-137 MHz) has been congested for many years in Europe. Although the introduction and generalization of 8.33 kHz channel spacing has provided additional capacity, this capacity only affects 8.33 kHz frequency assignments. The congestion for residual 25 kHz frequency assignments remains unchanged.
2.1.2 The current congestion for 25 kHz assignments can be illustrated as follows: Define a service volume as a cylinder with a specific centre, radius, and height, and move this cylinder around Europe. At any given location, calculate the number of available frequencies, which is represented by a colour.
2.1.3 A Tower service generally has a 25 NM radius and a height of 4,000 feet, while an ACC service can be considered to have a 50 NM radius and a height of 45,000 feet. The congestion for each type of service is shown on the map below:
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Figure 1: 25kHz Frequency congestion in Europe

2.2 Separation Criteria
2.2.1 The geographical separation between facilities operating on the same frequency is such that the desired-to-undesired signal ratio is greater than 20 dB or by a separation distance not less than the sum of the distances to the associated radio horizon of each service volume. In areas experiencing severe congestion, the tolerated desired-to-undesired signal ratio can be reduced in some cases to 14 dB.

2.2.2 In practice, the sum of the radio horizon distances is generally applied worldwide because it is often reached before the 20 dB D/U, or even 14 dB ratio. This method does not require knowledge of each ground transmitter's power and ensures that the squelch of a receiver in the desired service will not be opened by a transmission in the undesired service.
2.3 Space-based VHF frequency planning considerations
2.3.1 This section extrapolates the existing separation criteria to space-based VHF as defined in the SB-VHF SARPs Validation Report presented in FSMP WG19.
2.3.2 The radio horizon extends beyond the optical horizon due to the refraction of radio waves in the troposphere, which is 8 to 15 km thick. Given that the satellite's altitude is 600 km, the thickness of the troposphere becomes negligible in comparison. Therefore, it can be approximated that the satellite's coverage is effectively limited by the optical horizon rather than the radio horizon.
2.3.3 The horizon for a satellite orbiting at 600 km above Earth is approximately 2,830 km (1,528 NM). Therefore, to calculate the separation distance between the satellite and another service using the same frequency, the sum of the satellite’s horizon and the radio horizon of the other service is a good approximation and will be used in the next section.
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Figure 2: Satellite footprint and distance separation criteria
2.3.4 The downlink budget (from the satellite to aircraft) at a 0° elevation angle (corresponding to a 1,528 NM horizon distance on the ground) provided in Table 3.2 of the validation document indicates that the received power would be -93.4 dBm. Given that the receiver squelch is activated for any signal stronger than -107 dBm, it means that any aircraft located within the sum of its radio horizon and the satellite’s horizon will have its squelch lifted whenever the satellite is transmitting.
2.3.5 Therefore, to protect an aircraft operating on the same frequency from satellite VHF transmissions, the sum of the satellite horizon and the aircraft’s radio horizon can be considered a first approximation. In addition, due to the asymmetry of the link budget, protecting an aircraft from satellite transmission automatically protects the satellite from aircraft transmission.


2.4 The search for satellite frequencies
2.4.1 Using the separation criteria described in the previous section and the frequency data from the SAFIRE and ICAO global databases, we can now examine the availability of frequencies at any location where the satellite is transmitting worldwide.
2.4.2 As in Section 1, the number of available frequencies illustrated below is represented using a colour scale, with black indicating zero availability.
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Figure 4: Frequency availability for SB-VHF

2.4.4 It should be noted that the frequency databases do not contain any data from Canada or the USA. Therefore, it is highly probable that the black spot would extend eastward, or at least a dark spot would appear westward from the North American coasts, if the frequency assignments used in these regions were considered.
3. WAY FORWARD
3.1 This paper is a preliminary assessment of the potential impact of SB-VHF on the existing aeronautical VHF services in Europe. While accepting that this assessment can be refined, the overall impact remains substantial due to the nature of the VHF planning rules.
3.2 In particular, it shows that deployment of any SB-VHF frequencies in remote regions such as those above the Atlantic Ocean or in Africa still have considerable impact on frequencies used for ATC operations over continental Europe. Therefore, the frequency management aspects of SB-VHF need to be taken into careful consideration in the ongoing validation assessments.
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