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1. INTRODUCTION 

1.1 Various papers presented at ASWG/7 engendered discussions about some of the technical 

and practical limitations associated with large numbers of small UAS attempting to make use of 

current Mode S surveillance avionics. As an outcome of these discussions, the TSG was requested (via 

Action Item ASWG/7-27) to investigate and report back on 24-bit aircraft address and 1090 MHz 

spectrum issues associated with small UAS.  

2. Discussion 

2.1 Availability of 24-bit aircraft addresses for small UAS 

2.1.1 The 24 bits allocated in Mode S for aircraft address allows a unique address to be 

allocated to 16,177,214 aircraft, aerodrome surface vehicles, obstacles or fixed Mode S target 

detection devices for surveillance and/or radar monitoring purposes. See ICAO Annex 10, Volume III, 

Chapter 9. ICAO has allocated much of the available addresses to the various ICAO contracting States. 

For example, the Russian Federation and the U.S. have each been allocated 1,048,576 addresses (the 

largest block allocated by ICAO). 

2.1.2 Within the U.S. allocation, most of the available addresses (over 910,000) are allocated 

for civil aircraft use; the remainder are allocated for testing (just over 1,000) and for use by State 

aircraft (over 100,000). There are over 350,000 registered civil aircraft in the U.S. and over 10,000 

State aircraft. If there were no growth in these fleets, then a maximum of 600,000 aircraft addresses 

would be available. As of 2 April 2018, there were over 154,000 registered small UAS in the U.S. – 

these small UAS are registered under Part 107 of the U.S. Code of Federal Regulations, section 14. 

Additionally, there are over 880,000 “hobbyist” small air vehicles registered in the U.S. 

2.1.3 Projections of small UAS growth in the U.S. indicate that it is likely that there will be 

over a million such vehicles by 2025. The FAA has therefore concluded that there are insufficient 

ICAO addresses for all of the envisioned small UAS. Note that FAA does not issue ICAO addresses to 

small UAS registered under Part 107 of the U.S. Code of Federal Regulations, section 14. Also, the 

FAA does not issue ICAO addresses to “hobbyist” small air vehicles registered in the U.S. Only 

aircraft/vehicles registered via the FAA’s Civil Aircraft Registry are issued an ICAO address. 

2.2 Spectrum issues associated with small UAS 

2.2.1 At FAA’s request, MITRE Corporation's Center for Advanced Aviation System 

Development (CAASD) conducted analyses which led to an AIAA paper entitled, “ADS-B 

Surveillance System Performance with Small UAS at Low Altitudes.” An earlier study, published in 

2016, explored the impact of very high densities of small UAS (sUAS) transmitting ADS-B using the 

Universal Access Transceiver (UAT). The AIAA paper reports on an analysis which examined a 

broader range of operating scenarios characterized by various sUAS traffic densities and transmission 

power levels. The AIAA paper considered the implications of varying sUAS traffic density and 

transmission power on air-to-air and air-to-ground uses of ADS-B. The AIAA paper was presented at 

the AIAA Science and Technology Forum and Exposition (SciTech) in January 2017 and is referenced 

below. Note that although this paper is cited below (for its analysis results), the FAA does not agree 

with many of the statements made in sections V (Key Findings) and VI (Conclusion and Future Work) 

of the paper. Table 5 of the AIAA paper shows the impact on FAA ground stations of various assumed 

levels of UAS traffic (in addition to the assumed manned aircraft within line of sight to the ground 

station). RF experts within the FAA believe that avionics manufacturers cannot accurately control RF 

transmit power below 1W, nor can FAA/FCC effectively regulate RF transmit power levels below 1W. 

Therefore, FAA focuses on the 1W results in the AIAA paper, which shows that even the minimum 

analysed density of 0.5 sUAS per square kilometre / 1.75 sUAS per square mile (1400 sUAS operating 
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within 800 square miles) causes FAA ground stations to become blinded from seeing manned aircraft 

ADS-B reports. 

2.2.2 NASA performed a separate analysis from the MITRE CAASD study referenced above, 

using an independent model developed by NASA. See reference below; this paper is also attached 

since it is not yet available online. One key finding, based on NASA’s probability of detection 

threshold of 80% or better, was that a 1W ADS-B transmitter for sUAS on the Air-to-Ground link 

would not meet this threshold. 

2.2.3 Note that the MITRE CAASD and NASA analyses are based on models and do not 

include the impact of real world interference that the FAA has observed on both 978 MHz and 

1090 MHz frequencies at numerous ground station locations. Therefore, FAA expects that the MITRE 

CAASD and NASA analysis results are optimistic relative to what would be observed in implemented 

systems. 

2.2.4 The 1090 MHz frequency is currently more congested than the 978 MHz frequency, since 

1090 MHz is also used by ATCRBS and Mode S systems (TCAS, SSRs and multilateration systems). 

Therefore, any impacts on 1090 MHz from sUAS ADS-B transmissions on this frequency are expected 

to be significantly worse than those calculated for UAT on 978 MHz. 

3. Conclusion 

3.1 The 24-bit aircraft address scheme in ICAO Annex 10, Volume III, Chapter 9 was not 

designed for the high density of vehicles in an airspace that is foreseen for small UAS. 

3.2 Even at RF transmit power levels which are equivalent to cell phones (1W), small UAS 

operating in a typical large urban area at airspace densities of one vehicle per two square kilometres 

and equipped with ADS-B Out would be expected to cripple any ICAO standard surveillance system 

operating on 978 MHz or 1090 MHz. 

3.3 Therefore, the FAA believes that widespread ADS-B Out equipage (as defined in 

RTCA/EUROCAE MOPS and ICAO documents) by small UAS is not a feasible alternative. 

4. Actions on the meeting 

The meeting is invited to consider this information and provide it to other entities as appropriate. 
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