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	SUMMARY

	This document contains proposed new text for Doc.9718 to provide information on unmanned aircraft Detect and Avoid systems.


1. INTRODUCTION

1.1 This document proposes new text for Doc.9718 to provide information on unmanned aircraft Detect and Avoid (DAA) systems.
2. DISCUSSION

2.1 This document contains text that could be inserted into Doc.9718 to provide information on DAA system si several bands.  Additional work is needed to provide information on systems in additional bands.
3. CONCLUSION
3.1 This document is an initial contribution to begin the process of incorporating unmanned aircraft DAA systems to Doc.9718.
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Band: 15.4–15.7 GHz 

Service: Aeronautical radionavigation

    (Detect and Avoid Radar (DAA))

Allocation:



		GHz

15.4–15.7



		Allocation to Services



		Region 1

		Region 2

		Region 3



		15.4–15.43

		RADIOLOCATION    5.511E    5.511F

AERONAUTICAL RADIONAVIGATION



		15.43–15.63

		FIXED-SATELLITE (Earth-to-space)    5.511A

RADIOLOCATION    5.511E    5.511F

AERONAUTICAL RADIONAVIGATION



5.511C



		15.63–15.7

		RADIOLOCATION    5.511E    5.511F

AERONAUTICAL RADIONAVIGATION



		Footnotes:



5.511A    Use of the frequency band 15.43–15.63 GHz by the fixed-satellite service (Earth-to-space) is limited to feeder links of non-geostationary systems in the mobile-satellite service, subject to coordination under 9.11A. (WRC-15)



		5.511C    Stations operating in the aeronautical radionavigation service shall limit the effective e.i.r.p. in accordance with Recommendation ITU‑R S.1340‑0. The minimum coordination distance required to protect the aeronautical radionavigation stations (No. 4.10 applies) from harmful interference from feeder-link earth stations and the maximum e.i.r.p. transmitted towards the local horizontal plane by a feeder-link earth station shall be in accordance with Recommendation ITU-R S.1340-0. (WRC-15)



		5.511E    In the frequency band 15.4–5.7 GHz, stations operating in the radiolocation service shall not cause harmful interference to, or claim protection from, stations operating in the aeronautical radionavigation service.



		5.511F    In order to protect the radio astronomy service in the frequency band 15.35–15.4 GHz, radiolocation stations operating in the frequency band 15.4‑15.7 GHz shall not exceed the power flux-density level of −156 dB(W/m2) in a 50 MHz bandwidth in the frequency band 15.35–15.4 GHz, at any radio astronomy observatory site for more than 2 per cent of the time.









		ICAO POLICY



•	No change to the allocation to the aeronautical radionavigation service.

•	No change to RR Nos. 5.511A and 5.511C which would introduce further restrictions to aeronautical use of this band.









The spectrum considered for DAA systems is limited to frequency band for which contain an allocation to radionavigation service or to aeronautical radionavigation service on a primary basis.  Worldwide allocations would be needed for Unmanned aircraft (UA) that are designed to fly throughout the world; however, for some specific UA applications, regional allocation may be appropriate. UA are powered aircraft that do not carry a human pilot, use aerodynamic forces to provide vehicle lift, and employ a remote pilot, fly semi-autonomously, or autonomously. The current state-of-the-art in unmanned aircraft system (UAS) design and operation has led to the rapid development of UAS applications to fill many diverse requirements. While UAS operations have been limited to segregated airspace where separation from other air traffic can be assured, the application of UA usages expanded exponentially which require to expand UAS deployment in non-segregated airspace.

The advancement of aviation technologies, structural materials and electronics making the economics of UAS operations more favourable, particularly for more repetitive, routine and long-haul duration applications. There are a large variety of existing and envisioned applications of UAS such as cargo transportation, emergency management, search and rescue, disaster operations management, oceanographic and atmospheric observations, weather forecasting, scientific research, environmental monitoring, city and highway traffic, border patrol, law enforcement, counter drug operations, crop and harvest monitoring, broadcast, and Air Taxi operations etc.



AVIATION USE: 

The safe operation of UAS in civil airspace requires addressing the same issues as manned aircraft, namely integration into the air traffic control (ATC) system. Because the pilot is no longer onboard, a method of replacing the pilot’s responsibility to “see and avoid” other aircraft is required (see International Civil Aviation Organization’s (ICAO’s) Annex 2 “Rules of the Air”). While manned aircraft have systems to avoid cooperative aircraft, they rely on the onboard pilot to see and avoid non-cooperative aircraft and obstacles. In order for the UAS to detect non-cooperative targets, new electronic technologies, including detect and avoid (DAA) radars, are being used to detect non-cooperative aircraft.

The principle of a DAA system is that it fits into the total systems approach to collision avoidance. As shown in Figure 1, the approach to collision avoidance uses a layered approach. Current technologies that may accommodate these layers include ATC procedures, ground and surface ATC surveillance systems, automatic dependent surveillance-broadcast (ADS-B), airborne collision avoidance system also called traffic collision avoidance system (TCAS), and DAA. 

Figure 1

Layered collision avoidance approach
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An important point to consider in the design of a detect and avoid system is how it fits into the total systems approach to collision avoidance. Using the three-layer approach described in ICAO Document 9854[footnoteRef:1] (strategic conflict management, separation provision, and collision avoidance) for conflict management will limit, to an acceptable level, the risk of collision between aircraft and hazards as can be seen in Figure 2. ICAO Doc 10019[footnoteRef:2] specifically defines conflict management approach towards DAA. As shown in Figure 1, The DAA system provides the “remain well clear” function as the separation provision and “collision avoidance” function as the collision avoidance. [1:  Global Air Traffic Management Operational Concept, International Civil Aviation Organization Document 9854, First Edition, 2005.]  [2:  Manual on Remotely Piloted Aircraft Systems (RPAS), International Civil Aviation Organization (Doc. 10019), 1st edition 2015.] 


Figure 2

Three layers of conflict management approach towards detect and avoid
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The safe flight operation of UA in non-segregated airspace necessitates advanced techniques to detect and track nearby aircraft, terrain, remain well clear of obstacles, and properly act and respond to certain weather conditions. UA must avoid these objects in the same manner as manned aircraft. Two primary sensor systems are operational to allow a UAS to meet this requirement. The first class comprises sensor(s) or electronic system(s) on the air vehicle and is called airborne detect and avoid (ABDAA). The second class involves sensor(s) or electronic system(s) monitoring the air space from the ground and is refer to as ground based DAA (GBDAA).

ABDAA radars are being developed for the purpose of enhancing flight safety by providing warnings of potential collisions or conflicts with non-cooperative aircraft[footnoteRef:3]. The mission of this class of airborne radars encompasses several partially overlapping functions referred to as collision avoidance, conflict avoidance, self-separation, safe separation, sense-and-avoid and due regard. This class of radars is of particular interest in UA applications where there is no onboard pilot to provide the safety-of-flight function visually. [3:  Aircraft that are not equipped with an air traffic control radar beacon system transponder, automatic dependent surveillance-broadcast system, traffic alert and collision avoidance system or airborne collision avoidance system.] 


GBDAA is used for air traffic surveillance in support of DAA operations for unmanned aircraft. GBDAA detects and generate tracks within its declaration volume of airborne traffics. Unlike primary radars, DAA radars detect aircraft that flies at relatively low altitudes with smaller radar cross-sections. 

As with the ABDAA, GBDAA compliments other surveillance sensors by providing detection of non-cooperative traffic (i.e., those without operating transponders or ADS-B Out capabilities). Aircraft tracks are established at sufficient range and accuracy to enable an UA flying within GBDAA operational volume to remain well clear of other aircraft.

GBDAA systems use ground-based sensor as the surveillance sensor and may have multiple GBDAA sensors to cover the necessary Surveillance Volume. The GBDAA can be utilized to enable transit operations, or operations at lower altitudes in area near airports as well as to enable extended operations.

COMMENTARY:

Discussions and agreements at ITU conferences

Detect and avoid corresponds to the piloting principle “see and avoid” used in all air space volumes where the pilot is responsible for ensuring separation from nearby aircraft, terrain and obstacles. Despite the fact that under instrument flight rules part of this responsibility is transferred to ATC, the pilot is required to observe the airspace in his vicinity. Modern aircraft are equipped with a number of sensors to support this requirement, such as: radar airborne collision avoidance system, automatic dependant system-broadcast and universal access transceiver (UAT). Under special conditions (taxi, take-off and landing) it may be also required to provide the remote pilot with visual information. Therefore, the relay of detect and avoid data is the transmission of this information from these sensors to the remote pilot is part of the control communications.

The safe flight operation of UA necessitates advanced techniques to detect and track nearby aircraft, terrain, and obstacles to navigation through sensors. Studies related to the detect and avoid function of UAS are being completed within ITU.

Based on the requirement per UA, ITU-R studies have been completed at the WRC-12 to define the overall amount of spectrum needed to support the operation of unmanned aircraft seamlessly with piloted aircraft in non-segregated airspaces. For more detailed information see Report ITU-R M.2171.

The compatibility studies for terrestrial component are considered in possible new or modified AM(R)S allocations in the 15.4-15.5 GHz band along with 5000-5030, 5030-5091 and 5091-5150 MHz bands. Studies initially focus on existing allocations. They take into consideration links using terrestrial and/or satellite systems.

[bookmark: _Hlk156394555]Based on a review of the spectrum needs of UAS detect and avoid and the existing ARNS allocations in the 15.4-15.7 GHz band, the existing ARNS allocations appear to be sufficient to support UAS detect and avoid operations. Therefore, no regulatory and procedural considerations are required to address the UAS sense and avoid portion of Resolution 421 (WRC-07).



ARNS protection and planning implications

Radars signals are affected in fundamentally different ways by unwanted signals of different forms, and an especially sharp difference prevails between the effects of continuous noise-like energy and those of pulses. Continuous-wave interference of a noise-like type inflicts a desensitizing effect on radiodetermination radars, and that effect is predictably related to its intensity. In any azimuth sectors in which such interference arrives, its power spectral density (PSD) can, to within a reasonable approximation, simply be added to the PSD of the radar receiver thermal noise. If PSD of radar‑receiver noise in the absence of interference is denoted by N0 and that of noise-like interference by I0, the resultant effective noise PSD becomes simply I0 + N0. In order to maintain the target-return signal-to-noise ratio in the presence of the interference, the target-return power can be raised in proportion to the increase of noise power from N0 to I0 + N0 by accepting shorter maximum ranges on given targets, sacrificing observation of small targets, or modifying the radar to give it a higher transmitter power or power-aperture product. 

For most radars, an increase in the effective noise level of about 1 dB would inflict the maximum tolerable degradation on performance. In the case of a discrete target having a given average or median Radar cross-section (RCS), that increase would reduce the detection range by about 6% regardless of any RCS fluctuation characteristics that target might have. A 1 dB increase of effective noise power is a factor of 1.26 in power, so it would, if uncompensated, require the free-space range from a given discrete target to be reduced by a factor of 1/(1.261/4), or 1/1.06; i.e. a range capability reduction of about 6%. In the range equation, the SNR is also directly proportional to transmitter power, to power-aperture product (for a surveillance radar), and to target radar cross section.

The 1 dB increase referred to throughout the above discussions corresponds to an (I + N)/N ratio of 1.26, or an I/N of about −6 dB. This represents the tolerable aggregate effect of all interferers. It applies for reception via the radar’s main beam as well as for simultaneous reception via side lobes. The tolerable I/N for an individual noise-like interferer therefore depends on the number of interferers and their geometry and should be assessed in the analysis of a given scenario. This is a consequence of the fact that almost all the radars in this band serve event-driven missions, observe non-cooperative targets, and do not have the benefit of redundancy, including the re-transmission of packets that is becoming used more and more in communications technologies.

The effect of pulsed interference is more difficult to quantify and is strongly dependent on receiver/processor design and mode of operation. In particular, the differential processing gains for valid-target return, which is synchronously pulsed, and interference pulses, which are usually asynchronous, often have important effects on the impact of given levels of pulsed interference.  Numerous features of radiodetermination radars can be expected to help suppress low-duty cycle (less than 5%) pulsed interference, especially from a few isolated sources. Techniques for suppression of low-duty cycle pulsed interference between two or more pulsed system are contained in Recommendation ITU-R M.1372 – Efficient use of the radio spectrum by radar stations in the radiodetermination service.

The aeronautical radionavigation service is a safety service as specified by No. 4.10 of the Radio Regulations (RR) and harmful interference to it cannot be accepted. For typical radars an increase of about 1 dB would constitute significant degradation, equivalent to a detection-range reduction of about 6%. Therefore, the criterion of interfering signal power to radar receiver noise power level (I/N) of −6 dB should be used as the required protection level for the aeronautical radionavigation radars provided that this represents the aggregate protection level if multiple interferers are present.

These protection criteria represent the aggregate effects of multiple interferers, when present; the allowable I/N ratio for an individual interferer depends on the number of interferers and their geometry and needs to be assessed in the course of analysis of a given scenario. The aggregation factor can be very substantial in the case of certain communication systems in which a great number of stations can be deployed.

The future outlook for the band

The spectrum considered for DAA systems is limited to frequency band that are allocated to radionavigation service or to aeronautical radionavigation service on a primary basis.  Worldwide allocations would be needed for UA that are designed to fly throughout the world however, for some specific UA applications, regional allocation may be appropriate.

Frequencies below 500 MHz are considered not suitable for DAA on-board aircraft equipment considering the technology is not mature enough at this stage.  As for frequency bands above 40 GHz, there are not enough information to make a determination on usability for DAA implementation.

Some of the frequency bands that are currently allocated to the radionavigation service and/or the aeronautical radionavigation service may also be allocated to other services and used by other applications; therefore, sharing the bands between incumbent system and DAA could be difficult.

When a frequency band is allocated in the same band to one or more other services, co-existence has to be ensured taking into account priories identified in allocation.

Where no priority between co-primary users exists deployment of DAA systems requires further analyses to determine compatibility with other services prior to its operational deployment. The considerations above are the main elements in defining the aeronautical position on this matter. The band is in intensive use and will remain so. The DAA functionality in the ARNS band serves safety of life functions. This is a highly useful band for radionavigation by both airborne and ground based radars serving ATC functionality. Effort should be taken within ITU to document the technical and operational characteristics of radars operating in the aeronautical radionavigation service in the frequency band 15.4-15.7 GHz so these radars can be protected from harmful interferences. The ICAO policy is based on these principles and aims to coordinate efforts to preserve future use.




Band: 24.25–24.65 GHz

Service: Radionavigation (Detect and Avoid (DAA))



		GHz

24.55–24.65



		Allocation to Services



		Region 1

		Region 2

		Region 3



		24.45–24.65

FIXED

INTER-SATELLITE

		24.45–24.65

INTER-SATELLITE

RADIONAVIGATION





5.533

		24.45–24.65

FIXED

INTER-SATELLITE

MOBILE

RADIONAVIGATION

5.533



		Footnote:



5.533    The inter-satellite service shall not claim protection from harmful interference from airport surface detection equipment stations of the radionavigation service.







Radionavigation Service (RNS) system operates in Regions 2 and 3 on a primary basis in the frequency band 24.45 24.65 GHz. RNS systems are installed in unmanned aircraft (UA) or on the ground to detect non-cooperative aircraft as a component of an UA Detect and Avoid (DAA) system. These radars are used for collision avoidance on-board UA and can be used as a part of the integration of unmanned aircraft system (UAS).

Similar to 15.4 – 15.7 GHz band, review of the spectrum needs of UAS detect and avoid and the existing RNS allocations in the 24.45-24.65 GHz band, the existing RNS allocations appear to be sufficient to support UAS detect and avoid operations. Therefore, no regulatory and procedural considerations are required to address the UAS sense and avoid portion of Resolution 421 (WRC-07).

		ICAO POLICY



No change to the radionavigation allocations in Region 1 Region 2 and Region 3.
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