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EXECUTIVE SUMMARY 
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1. Introduction 

 
1.1 The Surveillance Panel (SP) is tasked by the Air Navigation Commission to undertake 
specific studies and develop technical and operational ICAO provisions for aeronautical surveillance 
systems, collision avoidance systems and their applications as outlined in the Global Air Navigation Plan 
(GANP). At the 8th and 9th of meetings of the Aeronautical Surveillance Working Group (ASWG) of the 
Surveillance Panel, which were held in September 2018 and March 2019 respectively, several papers 
were presented related to some of the technical limitations associated with large numbers of small 
Unmanned aircraft systems (UAS) attempting to make use of current Mode S surveillance avionics 
 
2. Summary of discussion at the ASWG/8 and ASWG/9 

 
2.1 SP3-ASWG8-WP/15 – Address and Spectrum Issues for Small UAS (Appendix A) 
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2.1.1 WP/15 was presented in reply to Action Item ASWG/7-27 for Technical sub group (TSG) 
to investigate and report back on 24-bit aircraft address and 1090 spectrum issues associated with small 
UAS. The first part of this WP stated that based on projections of small UAS growth in the U.S., the FAA 
concluded that there are insufficient ICAO addresses for all of the envisioned small UAS (sUAS). 
 
2.1.2 The latter half of WP/15 explained two separate analyses conducted by MITRE 
Corporation and NASA on spectrum issues associated with small UAS, assuming that those vehicles were 
equipped with ADS-B transmitters using 978 MHz. 
 
2.1.3 Based on the analysis described in WP/15, it was recognized that: a) 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; b) even at Radio Frequency (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 automatic dependent 
surveillance – broadcast (ADS- B) OUT would be expected to cripple any ICAO standard surveillance 
system operating on 978 MHz or 1090 MHz. Therefore, the WP concluded that widespread ADS-B OUT 
equipage (as defined in RTCA/EUROCAE MOPS and ICAO documents) by small UAS is not a feasible 
alternative. 

 
2.2 SP3-ASWG8-WP/31 – Initial analysis of possible impact of small UAS transmitting on 

1090MHz in Europe (Attachment B) 
 
2.2.1  After the presentation of WP/15, SP3-ASWG8-WP/31 was presented which performed 
an initial study to investigate what would be the impact of ADS-B equipped sUAS operations on Mode S 
aircraft detection. WP/31 presented those results and asked the group to further review this subject in 
order to have a common understanding. 
 
2.2.2 In all cases described in WP/15, the addition of sUAS transmissions on 1090 MHz 
resulted in a range reduction of the ADS-B ground station to maintain the same probability of update 
(98.5%). For 0.1W transmit power, the range reduction was up to 3% for a scenario with 1 UAS /km2 and 
up to 8% for a scenario with 3 UAS/km2. This might be considered as “limited impact” although it will 
increase the cost of a ground ADS-B receiver network. For 1W transmit power, the range reduction is 
more significant, going up to 41% for a 5 second update interval and 38% for an 8 second update 
interval in a Charles De Gaulle (CDG) environment (scenario 6). This is a large reduction however for 
scenario 5 (1UAS/km2) at 5s update period the range of CDG remains at a value similar to the range of 
an ADS-B at Frankfurt in 2016 without UAS. Environments with a higher number of aircraft (high density 
of aircraft) have “less visible” ADS-B broadcasts by sUAS. WP/31 concluded that the impact should be 
further investigated for other scenarios including airborne 1090 receivers. 
 
2.2.3 Working Paper SP3-ASWG8-WP/15 and SP3-ASWG8-WP/31 are under other documents 
in the following website: https://www.icao.int/NACC/Pages/meetings-2018-adsbout.aspx. 
  

https://www.icao.int/NACC/Pages/meetings-2018-adsbout.aspx
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2.3 Discussion  and conclusion at the ASWG/8 and ASWG/9 

 
2.3.1 Many SP members agreed with the concerns indicated in both WPs described in 
paragraph 2.1 and 2.2 above, especially related to spectrum issues associated with small UAS. Also, 
several concerns were raised related to management of 24-bit aircraft addresses by States. However, it 
was also pointed out that depending on States, there are different ways of aircraft address management 
and it is not easy to categorize UAS just depending on their weight. There are scenarios in which even 
sUAS may have a specific need to use a 24-bit aircraft address. Therefore, many States tend to evaluate 
the situations case by case, when they receive an application from the UAS community. It was suggested 
that SP should provide some guidance to States to manage 24-bit aircraft address appropriately.  
 
2.3.2 Based on conclusion at the ASWG/8 described in paragraph 2.3.1, Technical Subgroup of 
the Surveillance Panel drafted a guidance material for States, which was presented at the ASWG/9 held 
in March 2019. ASWG/9 reviewed the draft guidance material and further updated it during the 
meeting. 

 
2.3.3 Given the urgency of communicating this information to States, ICAO Secretary was 
tasked to draft a State Letter on this topic, with coordination with other expert groups such as Remotely 
Piloted Aircraft Systems Panel (RPASP) and Frequency Spectrum Management Panel (FSMP). 
 
3. Discussion 
 
3.1 This Information Paper includes a draft guidance material, initially developed by 
Surveillance Panel for States, under active ICAO initiatives for reliable and safe operation of surveillance 
systems, to validate the utilization of 1090 MHz and for non-allocation of 24-bit aircraft address for UAs 
flying exclusively at very low altitude. 

 
3.2 The frequencies 1030 and 1090 MHz, acting as a frequency pair, support several 
aeronautical surveillance systems including secondary surveillance radar (SSR), multilateration, airborne 
collision avoidance systems (ACAS) and automatic dependent surveillance-broadcast (ADS-B). 
 
3.3 Proper and efficient utilization of available bandwidth and capacity at 1090 MHz is the 
key element for safe operation of surveillance systems. Studies conducted by SP identified issues and 
potential technical limitations on operation of surveillance systems in the presence of a large number of 
unmanned aircraft (UA), which equipped with ADS-B OUT transmitter on 1090 MHz, but operate 
exclusively at very low altitudes. 
 
3.4 Recognizing the impact which may result in adversely safe aircraft operation, guidance 
material for States to validate the utilization of 1 090 MHz and for non-allocation of 24-bit aircraft 
address to those UAs has developed. The draft guidance material is attached herewith in Appendix C.  
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3.5 Considering the importance of this subject, this IP is aiming at provide advance 
information to regions for increasing awareness of this subject. 
 
Note - the draft guidance material attached to this information paper is still under discussion and the 
review by other experts groups. The State Letter on this subject with attachment of the final guidance 
material will be provided to States in due course.  
 
 
 

— — — — — — — — — — — 
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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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SUMMARY 
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1. INTRODUCTION 

1.1 There are ongoing discussions on whether small UAS could use 1090 MHz ADS-B to 

report their position. 

1.2 EUROCONTROL is performing a study to investigate what would be the impact of 

ADS-B equipped SUAS operation on Mode S aircraft detection. 

1.3 This paper presents some initial results of an investigation of the possible impact of the 

use of 1090 MHz by small UAS and asks the group to further review this subject in order to have a 

common understanding. 

2. DISCUSSION 

2.1 A RF model has been used to investigate the possible impact of transmissions on 1090 

MHz from small UAS. The model has used some assumptions on transmissions that could be made by 

small UAS including their density and their transmitted power. Using these assumptions the model has 

looked at the impact on the reception of an ADS-B extended squitter transmitted by a normal aircraft, 

more particularly on the range reduction to keep the same level of probability of update of an ADS-B 

position. 

2.2  The RF model has used different air environments coming from a real situation on a 

peak day in 2016 and a future environment with increased traffic (2025 scenario) together with 2016-

ground infrastructure. The airborne scenarios are based on the surveillance radar data recordings for 

Friday 09/09/2016 at 09:15 UTC. Friday 09/09/2016 was a peak day in Europe with 35,594 flights. The 

study has looked at 3 air scenarios: 

 2016-CDG: one omni-directional antenna located at Charles de Gaulle (CDG) airport seeing 567 

aircraft at -84dbM with a 7dB gain. 

 2016-FRA: one omni-directional antenna located close to Frankfurt (FRA) airport seeing 583 

aircraft at -84dbM with a 7dB gain. 

 2025-FRA: one omni-directional antenna located close to Frankfurt (FRA) airport seeing 807 

aircraft at -84dbM with a 7dB gain. It was build using STATFOR predictions and corresponds to 

20% additional traffic. 

2.3 In a first step, the study has looked at the impact on the decoding of an aircraft by a 

ground receiver surrounded by a set of small UAS.  Additional steps are foreseen to look at different 

places in Europe and to look at the reception of an aircraft flying other a small UAS cloud. 

2.4 The RF model used a degarbling performance as specified in ED-102A/DO-260B and a 

power gain of 7dB to not be limited by the distance (132NM without gain). As a consequence the 

obtained maximum range must be taken with precaution however the shape of the curves of probability of 

update remains the same. 
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2.5 The probability of update between 80 and 100NM obtained with the model for the CDG 

scenario is equivalent to the probability of update between 80 and 100NM measured on the Bretigny 

ADS-B station at another rdate. 
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2.6 The transmission rates of ADS-B extended squitters was set at: 

 5.6/s  for each aircraft in the air,  

 2.2/s on average for aircraft on the ground (weighted average between 2.6/s moving 

and 0.5/s not moving), 

 4.6/s for DF18 rate from SUAS is set to 4.6 in the RF Model: 

- 2 Airborne Position / sec 

- 0.2 ACID / sec 

- 2 Airborne Velocity / sec 

- 0.4 Aircraft Operational Status / sec 

2.7 The approach used was to look at the delta performance created by the addition of the 

new transmissions generated by the small UAS (SUAS).  

2.8 The variables that were used during the modelization are: 

 the density of small UAS around the receiver, 

 the power transmitted by small UAS. 

 

2.9 The UAS density is no known with certitude therefore different small UAS densities have 

been used as specified the table below. A case was reported in Germany with 1000 drones detected in the 

Hamburg CTR.  

SUAS Scenario SUAS Density 

(number of SUAS 

per Km² (/NM²)) 

ADS-B Output 

Power 

Number of SUAS 

detected by the 

omni-directional 

antenna at -84 dBm 

Max range of 

UAS received at 

-84dBm in NM 

 with 7db gain 

1 0.5 (1.75) 0.1W (20dBm) 93 4.2 

2 1 (3.5) 0.1W (20dBm) 390 4.2 

3 3 (10.5) 0.1W (20dBm) 563 4.2 

4 0.5 (1.75) 1W (30dBm) 933 13.3 

5 1 (3.5) 1W (30dBm) 1898 13.3 

6 3 (10.5) 1W (30dBm) 5736 13.3 

Table 1 – SUAS Environments 

2.10 The range for different received level is given for different powers in the following graph 

when using a 7dB antenna gain. 
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Figure 1 – Detection range for -84dbm with + 7 db gain for different transmitted powers 

2.11 The study looked at the decoding probability of a signal S transmitted by one aircraft. 

The interfering signals could come from other aircraft using high powers therefore located in a large area 

(green star) or from systems using lower transmission power such as small UAS contained in a smaller 

volume around the receiver (blue circles).  

 
Figure 2 – SUAS cloud impacting the detection of a transmission from 1 aircraft 

2.12 For example using the previous graph an aircraft transmitting  500W (dark blue curve) 

located at 105NM is impacted by messages received at same power from small UAS transmitting 1W 

within 4.7 Nm around the receiver or by messages received at (power-3dB) from small UAS transmitting 

1W within 6.7 NM . 
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2.13 Result for FRA-2016 1W 3UAS /km
2 
– PoU 5s 

 
Figure 3 – Comparison probability of detection versus range no UAS – UAS over 5s – FRA 2016- 1W – 3UAS 

 

2.14 The range of aircraft/SUAS to get a probability of detection = 98.5 is: 

• 75.3NM for Air Transport with max transponder power NO SUAS 

• 53.3NM for Air Transport with max transponder power - with SUAS 1W 

 Range reduction = 22NM 

• 37.7NM for Air Transport with min transponder power – NO SUAS 

• 26.7NM for Air Transport with min transponder power – with SUAS 1W 

 Range reduction = 11NM 

• 28.3NM for General Aviation – NO SUAS 

• 20NM for General Aviation – with SUAS 1W 

 Range reduction = 8.3NM 

• 2.4NM for SUAS 1W 

2.15 This scenario, 1W and 3UAS per km2, creates a big range reduction. 

  

Probability of detection of  at least 1 position squitter over 5s depending on the 
transponder range and power 
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2.16 Result for FRA-2016  0.1W 3UAS /km
2 
– PoU 5s 

 
Figure 4 – Comparison probability of detection versus range no UAS – UAS over 5s – FRA 2016- 0.1W - 3UAS 

 

2.17 The range of aircraft/SUAS to get a probability of detection = 98.5 is provided below: 

• 75.3NM for Air Transport with max transponder power - NO SUAS 

• 71.4NM for Air Transport with max transponder power - with SUAS 0.1W 

 Range reduction = 3.9NM 

• 37.7NM for Air Transport with min transponder power – NO SUAS 

• 35.8NM for Air Transport with min transponder power – with SUAS 0.1W 

 Range reduction = 1.9NM 

• 28.3NM for General Aviation – NO SUAS 

• 26.8NM for General Aviation – with SUAS 0.1W 

 Range reduction = 1.5NM 

• 1NM for SUAS 0.1W. 

2.18 The reduction of the transmitted power has a big effect on the impact that is reduced a lot, 

from 22NM (1W) to only 3.9NM (0.01W). 

Probability of detection of  at least 1 position squitter over 5s depending on the 
transponder range and power 
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2.19 Result for FRA-2016 1W 1UAS /km
2
 – PoU 5s 

If the number of small UAS is reduced to 1/km
2
 The figure below provides the 

probability of detection of at least 1 position squitter per 5 second period  

 

 
Figure 5 – Comparison probability of detection versus range no UAS – UAS over 5s – FRA 2016- 1W – 1UAS 

2.20 The range of aircraft/SUAS to get a probability of detection = 98.5 is provided below: 

• 75.3NM for Air Transport with max transponder power - NO SUAS 

• 65.6NM for Air Transport with max transponder power - with SUAS 1W 

 Range reduction = 9.7NM 

• 37.7NM for Air Transport with min transponder power – NO SUAS 1W 

• 32.9NM for Air Transport with min transponder power – with SUAS 

 Range reduction = 4.8NM 

• 28.3NM for General Aviation – NO SUAS 

• 24.6NM for General Aviation – with SUAS 1W 

 Range reduction = 3.7NM 

• 2.9NM for SUAS 1W 

2.21 Reducing the small UAS density from 3 to 1 /km
2
 has also a big impact alleviating the 

performance reduction from 22NM to 9.7 NM reduction in range. 

Probability of detection of  at least 1 position squitter over 5s depending on the 
transponder range and power 
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2.22 Result For CDG-2016 1W 3UAS /km2 – PoU 5s 

 
Figure 6 – Comparison probability of detection versus range no UAS – UAS over 5s – CDG 2016- 1W 

2.23 The range of aircraft/SUAS to get a probability of detection = 98.5 is provided below: 

• 91.8NM for Air Transport with max transponder power - NO SUAS 

• 54.3NM for Air Transport with max transponder power - with SUAS 1W 

 Range reduction = 37.5NM 

• 46NM for Air Transport with min transponder power – NO SUAS 

• 27.2NM for Air Transport with min transponder power – with SUAS 1W 

 Range reduction = 18.8NM 

• 34.5NM for General Aviation – NO SUAS 

• 20.4NM for General Aviation – with SUAS 1W 

 Range reduction = 14.1NM 

• 2.4NM for SUAS 1W 

2.24 The impact of 3 small SUAS/km
2
 transmitting at 1W is in proportion more important in 

area with low traffic density. However, the achieved range is similar to what is estimated in higher 

density areas, 53.3 NM at FRA to be compared to 54.3NM in CDG area.   

Probability of detection of  at least 1 position squitter over 5s depending on the 
transponder range and power 

No sUAS vs with sUAS 
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2.25 Result for FRA-2025 1W 1UAS /km2 – PoU 5s 

 
Figure 7 – Comparison probability of detection versus range no UAS – UAS over 5s – FRA 2025- 1W 

2.26 The range of aircraft/SUAS to get a probability of detection = 98.5 is provided below: 

• 51.4NM for Air Transport with max transponder power - with SUAS 1W 

• 55.8NM for Air Transport with max transponder power - NO SUAS 

 Range reduction = 4.4NM 

• 25.8NM for Air Transport with min transponder power – with SUAS 1W 

• 28.0NM for Air Transport with min transponder power – NO SUAS 

 Range reduction = 2.2NM 

• 19.3NM for General Aviation – with SUAS 1W 

• 21NM for General Aviation – NO SUAS 

 Range reduction = 1.6NM 

• 2.3NM for SUAS 1W 

2.27 UAS transmission on 1090 has less impact  (e.g 4.4NM) in the future when the range 

reduction will be first generated by the additional aircraft transmissions. 
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Max AT Xpdr Power (500W) no sUAS Pd = 98.5

Probability of detection of  at least 1 position squitter over 5s depending on the 
transponder range and power 

No sUAS vs with sUAS 
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3. SUMMARY 

3.1 The table 2 compares the maximum detection range of aircraft and SUAS to get a 

probability of update of 98.5% over a 5 second period.  

  
Max detection range (in NM) 

PD of 1 position squitter in 5 second = 98.5% 
(Range Reduction in % compared to the scenario with NO SUAS) 

SUAS Scenario  SUAS 
GA Transponder 

Power 
46dBm - 70W 

Min Air Transport 
Transponder 

Power 
51dBm - 125W 

Max Air 
Transport 

Transponder 
Power 

57dBm - 500W 

 FRA 2016 - NO 
SUAS 

N/A 28.3 37.7 75.3 

FRA 2016 - 1  1.1 (0.1W) 28.1 (0.71%) 37.5 (0.53%) 74.9 (0.53%) 

FRA 2016 - 2  1.1 (0.1W) 27.9 (1.41%) 37.2 (1.33%) 74.3 (1.33%) 

FRA 2016 - 3  1 (0.1W) 26.8 (5.30%) 35.8 (5.04%) 71.4 (5.18%) 

FRA 2016 - 4  3.1 (1W) 26.1 (7.77%) 34.8 (7.69%) 69.4 (7.84%) 

FRA 2016 - 5  2.9 (1W) 24.6 (13.07%) 32.9 (12.73%) 65.6 (12.88%) 

FRA 2016 - 6  2.4 (1W) 20 (29.33%) 26.7 (29.18%) 53.3 (29.22%) 

CDG 2016 - NO 
SUAS 

N/A 34.5 46 91.8 

CDG 2016 - 1 1.3 (0.1W) 34 (1.45%) 45.3 (1.52%) 90.4 (1.53%) 

CDG 2016 - 2 1.3 (0.1W) 33.5 (2.90%) 44.6 (3.04%) 89 (3.05%) 

CDG 2016 - 3 1.2 (0.1W) 32 (7.25%) 42.7 (7.17%) 85.1 (7.30%) 

CDG 2016 - 4 3.6 (1W) 30.4 (11.88%) 40.6 (11.74%) 81 (11.76%) 

CDG 2016 - 5 3.3 (1W) 27.4 (20.58%) 36.6 (20.43%) 73 (20.48%) 

CDG 2016 - 6 2.4 (1W) 20.4 (40.87%) 27.2 (40.87%) 54.3 (40.85%) 

FRA 2025 - NO 
SUAS 

N/A 21 28 55.8 

FRA 2025 - 1 0.8 (0.1W) 20.9 (0.48%) 27.8 (0.71%) 55.5 (0.54%) 

FRA 2025 - 2 0.8 (0.1W) 20.8 (0.95%) 27.7 (1.07%) 55.2 (1.08%) 

FRA 2025 - 3 0.8 (0.1W) 20.4 (2.86%) 27.3 (2.50%) 54.4 (2.51%) 

FRA 2025 - 4 2.4 (1W) 20.2 (3.81%) 26.9 (3.93%) 53.6 (3.94%) 

FRA 2025 - 5 2.3 (1W) 19.3 (8.10%) 25.8 (7.86%) 51.4 (7.89%) 

FRA 2025 - 6 Not run  
Table 2 – Max detection range – PD=98.5% at 5s 

3.2 The following graph represents the ranges for the reception of message transmitted from 

500W and 70 W transponders. 

 
-B11- 



 

SP3-ASWG8-WP31-Initial analysis of possible impact of small UAS transmit.docx Page - 12 - of 13 

 
Figure 8 – Comparison of detection range in different scenarios for different transponder power for a PoU of 98.5% at 5s 

3.3 In all cases, the addition of UAS transmission on 1090 results in a range reduction of the 

ADS-B ground station to maintain the same probability of update (98.5%). 

3.4 For 0.1W power transmission, the range reduction is up to 3% for scenario with 1 UAS 

/km2 and up to 8% for scenario with 3UAS/km
2
. This might be considered as “limited impact” although it 

will increase the cost of ground ADS-B receiver network. 

3.5 For 1W power transmission,  the range reduction is more important going up to 41% for 

5s and 38% for a 8s update interval in CDG environment (scenario 6). This is a large reduction however 

for scenario5 (1UAS/km2) at 5s update period the range of CDG remains at a value similar to the range of 

an ADS-B at Frankfurt in 2016 without UAS. 

3.6 The environments with a higher number of aircraft (high density of aircraft) are “less 

visible” by the ADS-B broadcast by SUAS. 

3.7 The impact should be further investigated for other scenarios including airborne 1090 

receivers.  

 

1W UAS 0.1W UAS 
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4.  ACTION BY THE MEETING 

4.1 The SP/3-ASWG/8 is invited to: 

a) Note the initial results of a study investigating the impact of small UAS transmitting 

on 1090 MHz with up to 40% reduction of reception range depending on scenario, 

b) Note that a better definition of scenarios and more analyses are required, 

c) task the TSG to develop a common understanding of the impact of small UAS 

transmitting on 1090 MHz. 

 

— — — — — — — — 
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APPENDIX C 
DRAFT GUIDANCE MATERIAL FOR 1090 MHZ SPECTRUM ISSUES AND PROPER MANAGEMENT OF 24-

BIT AIRCRAFT ADDRESS ASSOCIATED WITH UNMANNED AIRCRAFT OPERATING EXCLUSIVELY AT 
VERY LOW ALTITUDES  

 

1. Background 

1.1 The frequencies 1030 and 1090 MHz, acting as a frequency pair, support several aeronautical 
surveillance systems including secondary surveillance radar (SSR), multilateration (MLAT), airborne 
collision avoidance systems (ACAS) and automatic dependent surveillance-broadcast (ADS-B). Aircraft 
are interrogated by ground SSR/MLAT (or other aircraft, in the case of ACAS) on 1030 MHz and reply (or 
broadcast) on 1090 MHz with information such as their position, altitude and velocity vector. 
  
1.2 The increasing density of ground-based and on-board surveillance systems using the 
1030/1090 MHz frequencies is currently raising concerns, especially in dense airspaces. Ultimately it 
may result in a reduction to the overall performance of ACAS as well as the SSR/MLAT and ADS-B 
systems. In addition, the increased usage of ADS-B OUT applications for safety of life services and 
potential future evolution of those applications, such as space based ADS-B, have raised serious 
concerns of potential congestion at 1090 MHz. In order to ensure continued safe aircraft operation, 
proper and efficient utilization of available bandwidth at 1090 MHz is required. This includes limiting 
access to avoidable users. 

 
1.3 Furthermore, it is important to note that those surveillance systems rely on a limited capacity 
24-bit aircraft address scheme. The allocation of a 24-bit aircraft address and its correct configuration in 
aircraft is a key element for a safe operation of aircraft and associated protocols used to support 
communication and surveillance systems.  

 
1.4 As defined in Annex 10, Volume III, aircraft addresses are allocated in blocks by ICAO to the 
State of registry, or common mark registering authority. Using its allocated block of addresses, the State 
of Registry or common mark registering authority are required to assign an individual aircraft address to 
each suitably equipped aircraft entered on a national or international register. 

 
1.5 It is essential for States to recognize that their allocated block of 24-bit aircraft addresses is a 
finite and valuable asset. There are 16,777,214 aircraft addresses in total and most of those addresses 
have already been allocated to the relevant States of Registry or common mark registering authorities. 
Aircraft traffic growth has been forecast to double in the next 15 years. Hence, in order to manage these 
addresses in a sustainable manner, States need to validate whether new aircraft address allocation 
requests by aircraft operators fit the conditions defined in Annex 10 Volume III. 
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2. Issues identified in relation to operation of unmanned aircraft 

2.1 As described in section 1, concerns are being raised about congestion of the 1 090 MHz 
frequency and shortage of 24-bit aircraft addresses. However, the rapid growth of unmanned aircraft 
population is making those concerns more severe or intense.   

2.2 Exponential increase of the safety risk due to 1090 MHz congestion 

2.2.1 A recent study brought to the attention of an ICAO expert group shows that large numbers of 
UAs (one UA per 2 square kilometres) operating at low altitudes (less than 500 feet above ground level) 
in a typical high density terminal airspace (760 ADS-B-equipped aircraft operating within a 200 NM 
radius and from ground level to FL180) can interfere with ADS-B ground station reception of aircraft 
ADS-B reports when the transmit power of each RPAS is 1 Watt or higher. 

Note. – It is important to note that expert groups believe that neither avionics manufacturers nor 
regulators may be effectively able to regulate RF transmit power level below 1 W, which is very low 
power compared with avionics complying with ICAO Annex 10, Volume IV, which transmit at higher 
power (70-125W). Hence, it may not be possible to control interference of 1090 MHz Mode-S or ADS-B 
equipped UAs towards other aircraft in controlled airspace.  

 
2.2.2 All studies provided by expert groups conclude that the operation of ADS-B OUT by a large 
number of UAs raises a serious concern for the safety of other aircraft in the same airspace.  

2.3 Future depletion of 24-bit aircraft addresses 

2.3.1 The 24-bit aircraft address scheme was not designed for a very large number of vehicles, based 
on current projections of UAs growth, it will be impossible to accommodate all UAs into the scheme. 

2.3.2 Since in some situations UAs may require to be allocated 24-bit aircraft addresses, for instance if 
the UA fly into controlled airspace or proximity to traditional manned aircraft, States will need to 
evaluate such situations on a case by case basis, when receiving a new aircraft address application from 
the UA community.  

2.4 In order to resolve the issues discussed above in section 2.2 and 2.3, the procedure to ensure 
proper utilization of 1090 MHz and for non-allocation of (24-bit) aircraft address for those UAs is 
described in Section 3.  

Note.- as described in the Manual on Remotely Piloted Aircraft Systems (RPAS) (Doc 10019), an aircraft 
which is intended to be operated with no pilot on board is classified as unmanned aircraft (UA) and an 
unmanned aircraft which is piloted from a remote pilot station is an RPA (refer to the following figure). 
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3. Procedure to ensure proper utilization of 1090 MHz and for non-allocation of (24-bit) aircraft 
address for UAs 

3.1 There is increasing pressure to use 1090 MHz Mode S or ADS-B OUT applications by UAs. Given 
the large forecasted number of UAs and the fact that transmissions from their transponders or ADS-B 
OUT devices will impact the already congested use of 1090 MHz by existing aeronautical surveillance 
and collision avoidance systems, States must: 

1) perform radio frequency spectrum analysis to analyse the degree of congestion of 
1090 MHz and based on the outcome of this analysis, consider how 1090 MHz ADS-
B UAs operations might impact the performance of the ANSP-operated surveillance 
systems in airspace of interest as well as the automatic collision avoidance systems 
onboard the aircraft;   

2) formulate the circumstances and define procedures to determine the potential 
requirement for 1 090 MHz ADS-B OUT equipage on UAs, in order to allow or 
prohibit such equipage as appropriate. During this process, States should consider: 

• the degree to which UAs may or may not require air traffic services. For 
example, a UA operating in uncontrolled airspace may not be required to use 
ICAO-compliant aeronautical surveillance systems.  

• the degree to which the operation of UAs may or may not interoperate in the 
airspace with traditional manned aircraft. For example, if UAs are not operating 
in proximity to traditional manned aircraft, then the use of ICAO-compliant 
aeronautical surveillance equipment by UAs may not be justified. 
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•  

3) In such cases where UAs are not required to equip with ICAO-compliant 
aeronautical surveillance equipment, guide operators and manufacturers of those 
UAs exclusively operating at very low altitudes not to use ADS-B OUT at 1 090 MHz 
for those UAs. For this circumstance, States also must not allocate 24-bit aircraft 
addresses to those UAs. 

Note.- If it is required, 24-bit aircraft address allocation should be a part of certification of UAs 
registration process. This will ensure careful inspection of UAs aircraft address before its real time 
operation. For guidance material of reliable usage of 24 bit aircraft addresses, refer to Annex 10, Vol III 
and Doc 9924. 

 
 
 

— END — 
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