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	Purpose/Objective:  The purpose of this contribution is to further developmental of the handbook that would provide information on appropriate frequency bands for Detect and Avoid (DAA) radar systems installed on unmanned aircraft or for ground DAA radar systems to support unmanned aircraft operations.  

	Abstract:  This contribution will continue the process of developing a handbook on UAS DAA System by addressing comments received from other administrations during the previous ITU-R WP-5B meeting. 
This handbook replaces earlier effort of continue the process of drafting a new report for Detect and Avoid radar systems installed on unmanned aircraft and on the ground found in Annex 32 and 33 of the Chairman’s Report of the November 2020 WP-5B meeting. The initial efforts of developing these two documents explored various frequency bands to populate Section 5 (Spectrum analysis on suitability for detect and avoid system onboard unmanned aircraft) and the Summary Table in Section 6 are best suited for handbook. 
This new handbook will explore the list of frequency bands allocated to the Aeronautical Radionavigation and Radionavigation Services, which could be used for Detect and Avoid radar systems installed on unmanned aircraft and at the ground.  This handbook will ultimately supplement Chapter 4, Spectrum considerations for UAS sense and avoid system of the Report ITU-R M.2204-0 (11/2010).
This contribution will be an update to the Handbook considered at the 30th meeting of WP-5B held in November 2022 (Annex 19 to Document 5B/731-E).




	Radiocommunication Study Groups
	[bookmark: ditulogo][image: ]

	
	

	
	

	[bookmark: recibido][bookmark: dnum]Source:	Annex 19 to Document 5B/731-E
Subject:	New Handbook on UA DAA Systems
	Document 5B/XXX-E

	[bookmark: ddate]
	6 April 2023

	[bookmark: dorlang]
	English only

	[bookmark: dsource]United Sates of America

	[bookmark: _Hlk74644074][bookmark: drec]WORKING DOCUMENT TOWARDS A HANDBOOK ON UNMANNED AIRCRAFT DETECT AND AVOID SYSTEMS [HDBK.UAS_DAA]

	[bookmark: dtitle1]Handbook on 
Unmanned Aircraft Detect-and-Avoid Systems


[bookmark: dbreak]
Introduction
This Handbook is intended as a replacement for Report ITU-R M.2204-0 (11/2010) “Characteristics and spectrum considerations for sense and avoid systems used on unmanned aircraft systems”.  Earlier efforts were made to update to Report ITU-R M.2204-0 however, it was decided that a Handbook would be a more appropriate location to catalog the information currently found in the report.  This new ITU-R Handbook will provide information on appropriate frequency bands for Detect and Avoid (DAA) radar systems onboard unmanned aircraft or for ground based DAA radar systems to support unmanned aircraft operations.
Proposal
This contribution continues the process of developing a new ITU-R Handbook for unmanned aircraft DAA system by addressing comments received from other administrations during previous ITU-R WP 5B meetings. This new Handbook will explore the list of frequency bands allocated to the Aeronautical Radionavigation and Radionavigation Services, which could be used for Detect and Avoid radar systems installed on unmanned aircraft or on the ground in support of unmanned aircraft operations.
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Handbook on 
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(202X)
[bookmark: _Hlk517074496][Editor’s note: The intent of establishing this new Handbook is to replace ITU-R Report M.2204 “Characteristics and spectrum considerations for sense and avoid systems use on unmanned aircraft systems” working document towards a preliminary draft new Report ITU-R M.[UA_AIRBORNE_DAA] (Annex 32 to Doc. 5B/225) and working document towards a preliminary draft new Report ITU-R M.[UA_GROUND_DAA] (Annex 33 to Doc. 5B/225).]
[Editor’s note: Chapter 2 of this A framework for the Handbook is presented here that includes relevant UAS information provided by ICAO. Administrations are urged to bring contributions to the next meeting of WP 5B to continue the process of developing this Handbook.]
[Editor’s note:  In the present contribution, one Administration would like to discuss the aim of the Handbook.
It is proposed that before starting reviewing this document to agree on the following principles:
–	Noting that SARPs on DAA are expected to be reviewed by the ICAO in October 2022.
–	To revise and update the general description based on information from ICAO that are currently copied from Report ITU-R M.2204.
–	To identify the relevant performance parameters from the SARPs on DAA that could be used in order to define which frequency bands would appropriate for the identified scenarios instead of seeking to list all the frequency bands allocated to radionavigation or aeronautical radionavigation in order to assess their suitability.
–	To give priority to onboard DAA systems.
–	To understand what the principle for the ground DAA system is that seems to be regular surveillance radar in order to send information to UA via C2/CNPC link; the impact on the C2/CNPC link should also be assessed.]
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[bookmark: _Toc109203654][bookmark: _Toc89938141]CHAPTER 1
[bookmark: _Toc169523603][bookmark: _Toc109203655]The unmanned aircraft
[bookmark: _Toc169523604][bookmark: _Toc187465675][bookmark: _Toc387830628][bookmark: _Toc89938142][bookmark: _Toc109203656]1	Introduction
1.1	Unmanned aircraft systems
Unmanned aircraft (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. UAS applications include agricultural applications, communications relays, aerial photography, mapping, emergency management, scientific research, environmental monitoring, hurricane tracking, cloud seeding, volcano monitoring, forest fire suppression, emergency management, search and rescue operations, and law enforcement applications. 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 to 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.
[bookmark: _Toc89938143][bookmark: _Toc109203657]1.2	Terminology
Control and non-payload communications: The radio links, used to exchange information between the UA and UACS, that ensure safe, reliable, and effective UA flight operation. The functions of command and non-payload communication (CNPC) can be related to different types of information such as: telecommand messages, non-payload telemetry data, support for navigation aids, air traffic control voice relay, air traffic services data relay, target track data, airborne weather radar downlink data, non-payload video downlink data.
Detect and avoid: The capability to see, sense or detect conflicting traffic or other hazards and take the appropriate action
Intruder: An aircraft (manned or unmanned) that enters the DAA surveillance volume and tracked by the DAA system.
Unmanned aircraft: Designates all types of aircraft remotely controlled.
Unmanned aircraft control station: Facilities from which a UA is controlled remotely.
Unmanned aircraft systems: Consists of the following subsystems:
–	UA: (i.e. the aircraft itself);
–	UACS;
–	CNPC;
–	ATC communications subsystem (not necessarily relayed through the UA);
–	DAA;
–	Payload subsystem (e.g. Video camera …).
Separation provision: The tactical process of keeping aircraft away from hazards by at least the appropriate separation minima.
Separation minima: The minimum displacements between an aircraft and a hazard which maintain the risk of collision at an acceptable level of safety.
Strategic conflict management: Airspace organization and management, demand and capacity balancing and traffic synchronization components.
[bookmark: _Toc89938144][bookmark: _Toc109203658][bookmark: _Toc51922588]1.3	Related ITU recommendations and reports
Recommendations 
ITU-R M.1638-1	Characteristics of and protection criteria for sharing studies for radiolocation (except ground based meteorological radars) and aeronautical radionavigation radars operating in the frequency bands between 5 250 and 5 850 MHz
ITU-R M.1796-2	Characteristics of and protection criteria for terrestrial radars operating in the radiodetermination service in the frequency band 8 500-10 680 MHz
ITU-R M.2007	Characteristics of and protection criteria for radars operating in the aeronautical radionavigation service in the frequency band 5 150-5 250 MHz
ITU-R M. 2008-1	Characteristics and protection criteria for radars operating in the aeronautical radionavigation service in the frequency band 13.25-13.40 GHz
Report
ITU-R M.2204	Characteristics and spectrum considerations for sense and avoid systems use on Unmanned Aircraft Systems (UAS)


[bookmark: _Toc109203659][bookmark: _Toc89938145]CHAPTER 2
[bookmark: _Toc109203660]Principles of detect and avoid
[bookmark: _Toc89938146][bookmark: _Toc109203661]2	Principles of detect and avoid
2.1	Detect and avoid systems
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
[image: Diagram
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[bookmark: _Toc89938147][bookmark: _Toc109203662]2.2	Applicability of detect and avoid to overall collision avoidance approach
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. 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
[image: Diagram
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[bookmark: _Toc89938148]2.2.1	Strategic conflict management
Strategic conflict management includes pre-flight actions performed to minimize potential flight path conflicts with, and maximize separation from, intruders. Strategic conflict management also includes risk mitigation that is achieved through airspace organization and management, demand and capacity balancing, and traffic synchronization.
[bookmark: _Toc89938149]2.2.2	Remain well clear/separation provision
In this phase, actions are undertaken by all participants to ensure the safe execution of the flight depending on the airspace classification. Separation provisions by ATC and “remain-well-clear (RWC)” by pilots/remote pilots are utilized in this phase. At the remain well clear level of DAA, the system identifies the pilot to a potential violation of the DAA Remain Well Clear volume. Based on the information provided by the DAA system, the pilot identifies whether, and if so, what type of a manoeuvre is necessary to avoid the intruder, and then executes that manoeuvre. If operating under an ATC clearance, the UA Pilot coordinates with ATC to obtain an amended clearance before executing the manoeuvre.
[bookmark: _Toc89938150]2.2.3	Collision avoidance
Collision avoidance is the last layer to of conflict management and aims to prevent an intruder from penetrating the near mid-air collision (NMAC) volume. The airborne collision avoidance system is a system that is currently used to this effect on manned aircraft. As indicated in the figure above, DAA systems are expected to perform the collision avoidance function in addition to the “remain well clear function”. 
[bookmark: _Toc89938151][bookmark: _Toc109203663][Editor’s note: The following sections of Chapter 2 would require an update following new material available within ICAO.]
2.3	Aircraft-based detect and avoid
There are factors that drive the performance requirements needed from an RF-based airborne DAA sensor as shown in Figure 2. The number of factors that drive the performance requirements for an airborne DAA sensor is large resulting in a very difficult multidimensional trade space containing both dependent variables and independent variables. These factors include characteristics of the encounter including NMAC volume, the latencies in the actual airborne DAA system implementation, and the performance parameters of the radar used as the airborne DAA sensor.
Figure 3 
Detect and avoid sensor performance requirement factors
[image: ]
[bookmark: _Toc89938152]2.3.1	Encounter characteristics for aircraft-based detect and avoid
The first major factor driving the sensor performance requirements shown in Figure 3 is Encounter characteristics, which include collision course geometries, closing speeds between the UA and the intruder, the selected NMAC or remain well clear volume, collision avoidance zone size and overall aircraft traffic density. The second major class of factor driving the needed sensor performance includes the latencies in the system implementation. Specific latency drivers that need to be taken into account are minimum allowable detection/detection times, pilot response latencies, UA communications system latencies, airborne DAA sensor data processing delays and expected UA aero-performance characteristics. The last major factor driving airborne DAA sensor performance includes the characteristics of the radar such as angular accuracy, available power-aperture (i.e. detection range), radar cross-section of the intruder aircraft and track rate.
Closing speeds between the UA and an intruder and the NMAC or well clear volume, on the other hand, do have bearing on the necessary detection range needed to detect, track and perform a collision avoidance manoeuvre. Obviously, the faster the closing speed between the two aircraft, the longer the detection range from the radar that is needed. Additionally, larger NMAC or well clear volumes also increase detection range. Each plot in Figure 3 shows the distance between the UA and the intruder aircraft as a function of time before a manoeuvre is needed, and the time at which each curve is at a minimum is the point of closest approach assuming that the UA can perform a turn at a 15° bank angle. Using the minimum as a proxy for horizontal NMAC distance, one can see that a larger NMAC volume drives the system designer to needing a longer detection range.
Figure 4
Near mid-air collision size vs. time required to start avoidance manoeuvre
[image: Graphical user interface, application
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[bookmark: _Toc89938153]2.3.2	System latencies for aircraft-based detect and avoid
The DAA encounter timeline shown in Figure 4 defines the 8 major elements that need to be accounted for in an airborne DAA scenario. Again, as with the considerations associated with encounter geometries, system latencies ultimately drive the radar sensor detection range.
UA performance has a large impact on the system latencies. Obviously, a slower moving aircraft has more time to devote to detecting an intruder but is often less manoeuvrable so it will probably have less ability to affect a collision avoidance manoeuvre in order to avoid a collision. On the other hand, UA that fly faster will have less time to devote to detecting an intruder, but these UA are often more manoeuvrable so they will probably have a greater ability to turn away from the collision.
Figure 5
Collision encounter timeline
[image: Graphical user interface, chart
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[bookmark: _Toc89938154]2.3.3	Radar performance considerations for aircraft-based detect and avoid
Lastly, specific requirements on the performance of the radar component of the DAA system will affect the radar design and performance and be a main driver in frequency band selection. In particular, size weight and power (SWAP) and the required accuracy of intruder position (as measured by angular and range resolution) will affect determination of a suitable frequency for an airborne radar sensor. 
2.3.4	The detection range of an intruder
The detection range of an intruder is highly dependent on the transmit power-gain product of the radar. Transmit power is usually the highest power consuming element in the radar, which will affect power consumption directly and other SWAP elements indirectly. In order to constrain the radar transmit power and power consumption, lower frequencies are preferred for two factors:
–	in general, lower frequencies have lower rain attenuation and atmospheric absorption factors as shown in Figure 5 below;
–	higher efficiency amplifiers are more readily available at lower frequencies and hence same output power can be obtained at lower power consumption.
For antenna gain evaluation, higher frequencies will have higher antenna gain for same antenna size.
Figure 6
Plot of atmospheric absorption at microwave frequencies
[image: Atmospheric absorption or electromagnetic energy vs. frequency]

[bookmark: _Toc89938155]2.3.5	The accuracy of the intruder position
In order to estimate the intruder position, the radar measures the range, azimuth (bearing) and elevation angle of the intruder relative to the ownership UA.
The range resolution and accuracy is mainly dependent on the frequency bandwidth of the waveform and is usually sufficient to achieve required accuracy.
The radar usually relies on monopulse processing to improve angle accuracy. Typical accuracies are in the 1:10-1:20 of the 3 dB beamwidth of the antenna. For same antenna size, the beamwidth is reduced as the frequency is increased, and hence the accuracy is improved as the frequency is increased.  Note that reducing the beamwidth may have the adverse effect of needing a longer frame time to cover all the required field of regard, hence these parameters are usually traded in a system optimization.
Thus, the proper selection of frequency is critical to the success of the airborne DAA radar. There is no optimum solution that fits all UAS classes, the solution will depend on the UAS class, and operational environment. As shown in Figure 6, the X band gives a compromise for trading all parameters. A lower band would have lower power consumption for same range requirement but may need a larger size antenna to achieve the required antenna gain and intruder position accuracy. Frequencies below C band are not expected to achieve required angle accuracy. 
On the high frequency side, Ku band and higher can achieve required gain and position accuracy with smaller size but may need higher power to achieve required detection range.
Figure 7
Qualitative evaluation of parameters that affect choice of frequency band
[image: ]
[bookmark: _Toc89938156]2.3.6	Other technical considerations for aircraft-based detect and avoid
Another factor that must be taken into account in the determination of a suitable frequency for an airborne radar sensor is electromagnetic interference compatibility, both local compatibility on the UA, as well as compatibility with co-primary users of the spectrum. For example, if a UA is carrying another radar as part of its mission payload, one would prefer that the DAA sensor frequency be out-of-band from the mission payload radar in order to minimize interference between the two radars. In addition, the prevalence of other radars (e.g. weather radars) in a certain frequency band may impact the use of that frequency band for airborne DAA.
[bookmark: _Toc89938157][bookmark: _Toc109203664]2.4	Ground-based detect and avoid
The radiofrequency part of a ground-based detect and avoid (GBDAA) for unmanned aircraft could use already existing air traffic control systems to locate and provide information on the location of the various aircraft in the considered by UAS for DAA purposes. However, air traffic control systems are not optimized to meet the needs of small low flying UAs. Therefore, additional GBDAA is needed to augment existing air traffic control surveillance.
GBDAA systems detect and generate tracks within its Declaration Volume (DV) of airborne traffics. Unlike air traffic control radars, DAA radars detect aircraft that fly 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 (OV) to remain well clear of other aircraft.
FIGURE 8
Ground-based detect and avoid
[image: Diagram, map
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In some cases, there are no significant differences between the GBDAA and ABDAA systems. The requirements are simply to support the safety case, whether that’s achieved with airborne sensors, ground-based sensors, or both. However, it should be noted that the capability of ground-based vs airborne radar is different. A GBDAA radar looking up can see both in front and behind and aircraft of interest, whereas an ABDAA radar onboard the aircraft is generally pointed in the direction of flight and can only detect objects across a field of view in the direction it is flying. Additionally, smaller UAS are limited in the size and power of radar they can carry, whereas ground based radar has less limitation with regards to size or weight of the DAA radars. There are also different technical challenges; for example, with GBDAA where line-of-sight over hills and buildings will need to be considered during implementation whereas with ABDAA implementation may require careful consideration of ground clutter (and returns from objects on the ground more generally) at low altitudes.
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.


[bookmark: _Toc109203665][bookmark: _Toc89938158]CHAPTER 3
[bookmark: _Toc109203666]Spectrum [considerations]
[bookmark: _Toc88488051][Editor’s note:  Two Administrations proposed text for this section.  These proposed texts are presented below.  Further development of this text is needed.]
[Editor’s note:  First proposal.]
[bookmark: _Toc89938159][bookmark: _Toc109203667]3	Spectrum [considerations]
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 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. 
3.1	Performance requirements for remain clear area
[bookmark: _Toc89938160]3.1.1	Configuration 1
[TBD]
[bookmark: _Toc89938161]3.1.2	Configuration 2
[TBD]
[bookmark: _Toc89938162]3.1.3	Configuration XXX
[TBD]
[bookmark: _Toc88488052][bookmark: _Toc89938163][bookmark: _Toc109203668]3.2	Performance requirements for collision avoidance
[bookmark: _Toc89938164]3.2.1	Configuration 1
[TBD]
[bookmark: _Toc89938165]3.2.2	Configuration 2
[TBD]
[bookmark: _Toc89938166]3.2.3	Configuration XXX
[TBD]


CHAPTER 4
Detect and avoid system description and compatibility
4	Detect and avoid system description and compatibility
4.1	Existing DAA systems
[Editor’s note: Potential bands to be considered in this section include the 1 215-1 300 MHz, 1 300-1 350 MHz, 2 900-3 100 MHz bands 5 350-5 470 MHz, 8 750-8 850 MHz, 9 300-9 500 MHz, 13.25-13.4 GHz, 15.4-15.7 GHz, and 24.45-24.65 GHz.]
4.1.1	Existing DAA systems in the 2 700-2 900 MHz band
4.1.1.1	Description of Ground Based DAA system in the 2 700-2 900 MHz band1
The frequency band 2 700-2 900 MHz is allocated to the Aeronautical Radionavigation and the on a primary basis and frequency band 2 700-2 900 MHz is allocated for radionavigation services on primary basis and the following footnotes are applicable:
5.337	The use of the bands 1 300-1 350 MHz, 2 700-2 900 MHz and 9 000-9 200 MHz by the aeronautical radionavigation service is restricted to ground-based radars and to associated airborne transponders which transmit only on frequencies in these bands and only when actuated by radars operating in the same band.
5.423	In the band 2 700-2 900 MHz, ground-based radars used for meteorological purposes are authorized to operate on a basis of equality with stations of the aeronautical radionavigation service.
5.424	Additional allocation:  in Canada, the band 2 850-2 900 MHz is also allocated to the maritime radionavigation service, on a primary basis, for use by shore-based radars.
5.424A	In the band 2 900-3 100 MHz, stations in the radiolocation service shall not cause harmful interference to, nor claim protection from, radar systems in the radionavigation service.     (WRC-03)
5.426 	The use of the band 2 900-3 100 MHz by the aeronautical radionavigation service is limited to ground-based radars.

[TBD]
4.1.1.2	Compatibility of DAA system in the 2 700-2 900 MHz band1 with other services and systems
Operation of ground based DAA systems in the 2 700-2 900 MHz is possible however, many aviation radars already operate in this band and these radars are typically found at airports. In addition meteorological radars (RR No. 5.423) are also operated in this band. The 2 700-2 900 MHz frequency band can be used to support ground based DAA systems located beyond major airports and away from meteorological radars.
Operation of DAA systems on-board unmanned aircraft is not compatible in the 2 700-2 900 MHz band due to ground based only restriction in RR No. 5.337 and the potential for interference with existing aviation and meteorological radars in the band. Due to the operation of existing ground based aviation and meteorological radars in this band, it is unlikely that DAA systems on-board UA could operate compatibly with the existing systems.
[TBD]
4.1.2	Existing DAA systems in the 9 000-9 200 MHz band
4.1.2.1	Description of DAA system in the 9 000-9 200 MHz band
The frequency band 9 000-9 200 MHz is allocated to the Aeronautical Radionavigation and the Radiolocation Services on a primary basis and the following footnotes are applicable:
5.337	The use of the bands 1 300-1 350 MHz, 2 700-2 900 MHz and 9 000-9 200 MHz by the aeronautical radionavigation service is restricted to ground-based radars and to associated airborne transponders which transmit only on frequencies in these bands and only when actuated by radars operating in the same band.
5.471	Additional allocation:  in Algeria, Germany, Bahrain, Belgium, China, Egypt, the United Arab Emirates, France, Greece, Indonesia, Iran (Islamic Republic of), Libya, the Netherlands, Qatar and Sudan, the frequency bands 8 825-8 850 MHz and 9 000-9 200 MHz are also allocated to the maritime radionavigation service, on a primary basis, for use by shore-based radars only.     (WRC 15)
5.473A	In the band 9 000-9 200 MHz, stations operating in the radiolocation service shall not cause harmful interference to, nor claim protection from, systems identified in No. 5.337 operating in the aeronautical radionavigation service, or radar systems in the maritime radionavigation service operating in this band on a primary basis in the countries listed in No. 5.471.     (WRC-07)
4.1.2.2	Compatibility of DAA system in the 9 000-9 200 MHz bandwith other services and systems
Operation of ground based DAA systems in the 9 000-9 200 MHz is possible however, ground based DAA systems will need to be compatible with existing aviation surveillance radar system which are typically found at airports.  As a result, location of a DAA system on some airports may be difficult in this band.  The 9 000-9 200 MHz frequency band can be used to support ground based DAA systems located beyond major airports.
In some administrations maritime radionavigation radar systems are employed for shore-based applications and coordination of ground based DAA systems with these maritime radars will be necessary.
Operation of DAA systems on-board unmanned aircraft is not compatible in the 9 000-9 200 MHz band due to ground based only restriction in RR No. 5.337 and the potential for interference with existing aviation radars in the band. Due to the operation of existing ground based aviation radars in this band, it is unlikely that DAA systems on-board UA could operate compatibly with the existing aviation systems.
4.1.3	Existing DAA systems in the 13.25-13.4 GHz band
4.1.3.1	Description of DAA system in the 13.25-13.4 GHz band
The frequency band 13.25-13.4 GHz is allocated to the Aeronautical Radionavigation, the Earth exploration-satellite (active), and the space research (active) services on a primary basis and the following footnotes are applicable:
5.497	The use of the band 13.25-13.4 GHz by the aeronautical radionavigation service is limited to Doppler navigation aids
5.498A	The Earth exploration-satellite (active) and space research (active) services operating in the band 13.25 13.4 GHz shall not cause harmful interference to, or constrain the use and development of, the aeronautical radionavigation service.     (WRC-97)
5.499	Additional allocation:  in Bangladesh and India, the band 13.25-14 GHz is also allocated to the fixed service on a primary basis. In Pakistan, the band 13.25-13.75 GHz is allocated to the fixed service on a primary basis.    (WRC 12)
4.1.3.2	Compatibility of DAA system in the 13.25-13.4 GHz bandwith other services and systems
Operation of ground based or airborne DAA systems in the band 13.25-14 GHz will need to be compatible with existing aviation radar system that operate in the band 13.25-13.4 GHz.  An example of an existing aeronautical radionavigation system can be found in ITU-R Recommendation M.2008-1.  Colocation of a DAA system on an aircraft that is also equipped with an aviation radar that operates in this band may be difficult to achieve.  Further, DAA systems in the band 13.25-14 GHz must employ Doppler frequency shift processing to comply with the Doppler aids requirement in RR No. 5.470.
Since the frequency band 13.25-13.4 GHz is also allocated to the fixed service in Bangladesh, India, and Pakistan the suitability of this band needs to be further studied in those locations where fixed service is allocated on a primary basis.
4.2	New systems DAA under consideration
4.2.1	Description DAA system X
[TBD]
4.2.2	Compatibility DAA system X with other services and systems
[TBD]
 [The text below is still being reviewed for either incorporation into the text above or for deletion.]
[Editor’s note: Second proposal.]
[Editor’s note: Some concern was raised over the use of the words “suitable or suitability” in this text.  It was felt that these words were too strong, and it was suggested that another term such as “prospective usage” be used instead.]
[bookmark: _Toc89938167][bookmark: _Toc109203669]3.1	Spectrum analysis on suitability for detect and avoid system onboard unmanned aircraft
[bookmark: _Toc51922592][bookmark: _Toc88482786][bookmark: _Toc89938168]3.1.1	Criteria for suitability of spectrum for detect and avoid systems
1	The spectrum analysis on suitability is limited to frequency band for which an allocation to radionavigation service or to aeronautical radionavigation service on a primary basis.
[Editor’s note: Administrations are invited to provide rationale on the previous sentence.]
Worldwide allocation would be needed for certified UA but for open or some specific unmanned, regional allocation may be appropriate. The impact of regional harmonization compared to a global one will need to be addressed.
[Editor’s note: The consideration of regional allocation may be different as we are dealing with airborne DAA or ground based DAA.]
2	Frequencies below 500 MHz are considered not suitable for DAA onboard aircraft equipment considering the technology not mature enough at this stage. As for frequency bands above 40 GHz, there are not enough information to make a determination on suitability for DAA implementation.
[Editor’s note: Administrations are invited to provide rationale on the previous sentence. For high frequency band that 40 GHz, there are RNS and ARNS allocations that might be also studied depending also on the conclusion of WRC-19.]
3	Coexistence with other incumbent services/existing applications
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 footnotes and that RR No. 4.10 applies for the radionavigation service.
Where no priority between co-primary users exists, RR No. 4.10 also does not provide priority, so deployment of detect and avoid systems requires further analyses to determine compatibility with other services prior to its operational deployment. 
4	Performance
[To be developed]
[bookmark: _Toc51922593][bookmark: _Toc88482787][bookmark: _Toc89938169][bookmark: _Toc109203670]3.2	Suitability of frequency bands
[Editor's note: The following sections contain applicable provisions from the Radio Regulations, including allocations and relevant footnotes, and are provided as a baseline to facilitate the determination of the suitability of spectrum for DAA operations. The suitability of frequency bands will take into account co-existence with other services/systems operating in that band.]
[bookmark: _Toc88482788][bookmark: _Toc89938170]3.2.1 	Frequency band 960-1 215 MHz 
3.2.1.1	Allocations to operate detect and avoid and other services in the frequency band 960‑1 215 MHz
The frequency band 960-1 215 MHz is allocated to Aeronautical Radionavigation on a primary basis and the following footnotes are applicable:
5.327A	The use of the frequency band 960-1 164 MHz by the aeronautical mobile (R) service is limited to systems that operate in accordance with recognized international aeronautical standards. Such use shall be in accordance with Resolution 417 (Rev.WRC-15).     (WRC-15)
5.328	The use of the band 960-1 215 MHz by the aeronautical radionavigation service is reserved on a worldwide basis for the operation and development of airborne electronic aids to air navigation and any directly associated ground-based facilities.     (WRC-2000)
5.328AA	The frequency band 1 087.7-1 092.3 MHz is also allocated to the aeronautical mobile-satellite (R) service (Earth-to-space) on a primary basis, limited to the space station reception of Automatic Dependent Surveillance-Broadcast (ADS-B) emissions from aircraft transmitters that operate in accordance with recognized international aeronautical standards. Stations operating in the aeronautical mobile-satellite (R) service shall not claim protection from stations operating in the aeronautical radionavigation service. Resolution 425 (WRC-15) shall apply.     (WRC-15)
3.2.1.2 	Suitability of the frequency band 960-1 215MHz for detect and avoid systems 
No restriction in the RR
The frequency band 960-1 215 MHz is operated by various aeronautical systems including DME, TACAN, TCAS, ADS-B, Multilateration, and non-ICAO (e.g. Recommendation ITU-R M.2013) systems and co-existence with DAA systems onboard aircraft is not ensured. The 1 164-1 215 MHz portion of the band is also used for RNSS (space-to-Earth) and (space-to-space) services on a ubiquitous basis, including on aircraft, and this use presents additional co-existence issues.
This frequency band 960-1 215 MHz is not suitable for airborne and ground based DAA systems.
[bookmark: _Toc88482789][bookmark: _Toc89938171]3.2.2 	Frequency band 1 215-1 300 MHz 
[TBD]
[bookmark: _Toc88482790][bookmark: _Toc89938172]3.2.3 	Frequency band 2 700-3 100 MHz
3.2.3.1 	Allocations to operate detect and avoid and other services in the frequency band 2 700-3 100 MHz
The frequency band 2 700-2 900 MHz is allocated to Aeronautical Radionavigation on a primary basis and frequency band 2 700-2 900 MHz is allocated for radionavigation on primary basis and the following footnotes are applicable:
5.337	The use of the bands 1 300-1 350 MHz, 2 700-2 900 MHz and 9 000-9 200 MHz by the aeronautical radionavigation service is restricted to ground-based radars and to associated airborne transponders which transmit only on frequencies in these bands and only when actuated by radars operating in the same band.
5.423	In the band 2 700-2 900 MHz, ground-based radars used for meteorological purposes are authorized to operate on a basis of equality with stations of the aeronautical radionavigation service.
5.424	Additional allocation:  in Canada, the band 2 850-2 900 MHz is also allocated to the maritime radionavigation service, on a primary basis, for use by shore-based radars.
5.424A	In the band 2 900-3 100 MHz, stations in the radiolocation service shall not cause harmful interference to, nor claim protection from, radar systems in the radionavigation service.     (WRC-03)
5.426 	The use of the band 2 900-3 100 MHz by the aeronautical radionavigation service is limited to ground-based radars.
3.2.3.2 	Suitability of the frequency band 2 700-2 900 MHz for detect and avoid systems
Operation of ground based DAA systems in the 2 700-2 900 MHz is suitable however, many aviation radars already operate in this band and these radars are typically found at airports. In addition meteorological radars (RR No. 5.423) are also operated in this band. The 2 700-2 900 MHz frequency band can be used to support ground based DAA systems located beyond major airports.
Operation of DAA systems onboard unmanned aircraft is not suitable due to ground based only restriction in RR No. 5.337 in the frequency band 2 700-2 900 MHz. Additionally, many radars are operated including for meteorological radars (RR No. 5.423) making the 2 700-2 900 MHz frequency band not suitable for DAA systems onboard UA.
3.2.3.3 	Suitability of the frequency band 2 900-3 100 MHz for detect and avoid
Operation of ground based DAA systems in the frequency band 2 900-3 100 MHz may be suitable however, compatibility with shipboard maritime radionavigation systems is a significant issue.
This frequency band 2 900-3 100 MHz can be used to support ground bases DAA systems provided operations are compatible with maritime radars that operate in this band.
Operation of DAA systems onboard unmanned aircraft is not suitable due to ground based only restriction in RR No. 5.426 in the frequency band 2 900-3 100 MHz. Additionally various radar systems operate in this band and co-existence with DAA systems onboard aircraft is not ensured.
The frequency band 2 900-3 100 MHz is considered not suitable for DAA systems onboard UA.
[bookmark: _Toc88482791][bookmark: _Toc89938173]3.2.4 	Frequency band 9 000-9 200 MHz
3.2.4.1 	Allocations to operate detect and avoid and other services in the frequency band 9 000‑9 200 MHz
The frequency band 9 000-9 200 MHz is allocated to Aeronautical Radionavigation on a primary basis and the following footnotes are applicable:
5.337	The use of the bands 1 300-1 350 MHz, 2 700-2 900 MHz and 9 000-9 200 MHz by the aeronautical radionavigation service is restricted to ground-based radars and to associated airborne transponders which transmit only on frequencies in these bands and only when actuated by radars operating in the same band.
5.471	Additional allocation:  in Algeria, Germany, Bahrain, Belgium, China, Egypt, the United Arab Emirates, France, Greece, Indonesia, Iran (Islamic Republic of), Libya, the Netherlands, Qatar and Sudan, the frequency bands 8 825-8 850 MHz and 9 000-9 200 MHz are also allocated to the maritime radionavigation service, on a primary basis, for use by shore-based radars only.     (WRC‑15)
5.473A	In the band 9 000-9 200 MHz, stations operating in the radiolocation service shall not cause harmful interference to, nor claim protection from, systems identified in No. 5.337 operating in the aeronautical radionavigation service, or radar systems in the maritime radionavigation service operating in this band on a primary basis in the countries listed in No. 5.471.     (WRC-07)
3.2.4.2 	Suitability of the frequency band 9 000-9 200 MHz for detect and avoid systems
No restriction in the RR.
Noting that the use of the radiolocation service shall not cause harmful interference to nor claim protection from the aeronautical radionavigation service, the band 9 000-9 200 MHz is suitable for operation of ground based DAA systems.
DAA systems need to be compatible with existing aviation surveillance radar system that operate in the frequency band 9 000-9 200 MHz and colocation of a DAA system with existing aviation surveillance radars that operates in this band may be difficult.
In some administrations maritime radionavigation radar systems for use by shore-based radars are also allocated and coordination of DAA operations with these maritime radars is required.
Operation of DAA systems onboard UA is not suitable due to ground based only restriction in RR No. 5.337 in the frequency band 9 000-9 200 MHz.
[bookmark: _Toc88482792][bookmark: _Toc89938174]3.2.5	Frequency band 13.25-13.4 GHz
3.2.5.1	Allocations to operate detect and avoid and other services in the frequency band 13.25‑13.4 GHz
The frequency band 1 325-1 340 MHz is allocated to Aeronautical Radionavigation on a primary basis and the following footnotes are applicable:
5.497	The use of the band 13.25-13.4 GHz by the aeronautical radionavigation service is limited to Doppler navigation aids
5.498A	The Earth exploration-satellite (active) and space research (active) services operating in the band 13.25‑13.4 GHz shall not cause harmful interference to, or constrain the use and development of, the aeronautical radionavigation service.     (WRC-97)
5.499	Additional allocation:  in Bangladesh and India, the band 13.25-14 GHz is also allocated to the fixed service on a primary basis. In Pakistan, the band 13.25-13.75 GHz is allocated to the fixed service on a primary basis.    (WRC‑12)
3.2.5.2	Suitability of the frequency band 13.25 ‑ 13.4 GHz for ground based detect & avoid systems
No restriction in the RR.
Noting that the use of the space research services shall not constraint the use and development of aeronautical radionavigation service, operation of ground based DAA systems is suitable provided the DAA system employs Doppler frequency shift processing to comply with the Doppler aids requirement in RR No. 5.470.
The use of the Earth exploration-satellite (active) service shall not cause harmful interference to nor claim protection from the aeronautical radionavigation service. However there are operational EESS (active) missions for which compatibility with DAA systems has not been ensured. Therefore DAA systems should take all practicable measures to minimize the chance of interference causing the premature obsolescence of in-orbit EESS (active) assets.
DAA systems need to be compatible with existing aviation radar system that operate in the band 13.25-13.4 GHz and colocation of a DAA system on an aircraft that is also equipped with an aviation radar that operates in this band may be difficult. Further, compatibility with ground based DAA systems will also be required.
Since the frequency band 13.25-13.4 GHz is also allocated to the fixed service in Bangladesh, India, and Pakistan the suitability of this band needs to be further studied in those locations where fixed service is allocated on a primary basis.
[bookmark: _Toc88482793][bookmark: _Toc89938175][bookmark: _Toc109203671]43.3 	Summary
[Editor's note: The Summary section will identify the suitability of each band for DAA operations based on a review of the applicable provisions of the Radio Regulations as well as taking into account co-existence with other services/systems operating in each band.]
	Radionavigation 
frequency band
	Compatibility Suitability for Airborne DAA
	Compatibility Suitability for Ground DAA
	Reason/Recommendation

	960-1 215 MHz
	This frequency band is not suitable for DAA systems onboard UA
	This frequency band 960-1 215 MHz is not suitable for ground DAA systems
	Co-existence with DAA systems onboard aircraft is not ensured due to the presence of various aeronautical systems. The use of RNSS (space-to-Earth) and (space-to-space) services in 1 164-1 215 MHz on a ubiquitous basis, presents additional co-existence issues

	1 215-1 300 MHz
	The frequency band 1 215-1 300 MHz is not suitable for DAA onboard UA due to the difficulty in coordinating with existing high powered ground based radars and the limited number of administrations where this band may be used.
	The frequency band 1 215-1 300 MHz may be suitable for Ground DAA.
	[TBD]

	2 700-2 900 MHz
	This frequency band can not be used is not suitable for DAA systems onboard UA
	This frequency band can be used is suitable for ground based DAA systems
	Operation of ground based DAA systems located beyond major airports are suitable. Operation of DAA systems onboard unmanned aircraft is not suitable due to ground based only restriction in RR No. 5.337

	2 900-3 100 MHz
	This frequency band is not suitable for DAA systems onboard UA
	This frequency band is suitable for ground DAA systems
	Operation of the ground based DAA systems shall be compatible with maritime radars that operate in this band. Compatibility with shipboard maritime radionavigation systems is a significant issue.
Operation of DAA systems onboard unmanned aircraft is not suitable due to ground based only restriction in RR No. 5.337

	9 000-9 200 MHz
	This frequency band can not be used is not suitable for DAA systems onboard UA
	This frequency band can be used is suitable for ground based DAA systems
	Noting that the use of the radiolocation service shall not cause harmful interference to nor claim protection from the aeronautical radionavigation service, the band is suitable for operation of ground based DAA systems. Operation of DAA systems onboard UA is for ground based as per restriction in RR No. 5.337

	13.25-13.4 GHz
	This frequency band can be used is suitable for DAA systems onboard UA
	This frequency band could possibly be used is not suitable for ground DAA systems however compatibility with existing airborne systems needs to be assured.
	Operation of ground based DAA systems is suitable provided the DAA system employs Doppler frequency shift processing to comply with the Doppler aids requirement in RR No. 5.470.
DAA systems shall avoid chance of interference causing the premature obsolescence of in-orbit EESS (active) assets.
Compatibility between existing aviation radar system and ground DAA system may be difficult. Further, compatibility with ground based DAA systems will also be required.

	14-14.3 GHz
	[TBD]
	[TBD]
	

	15.4-15.7 GHz
	[TBD]
	[TBD]
	

	24.45-24.65 GHz
	[TBD]
in Region 1
	[TBD]
	

	
	[TBD]
in Region 2
	[TBD]
	

	
	[TBD]
in Region 3
	[TBD]
	

	31.8-33.4 GHz
	[TBD]
	[TBD]
	

	43.5-47.0 GHz
	[TBD]
	[TBD]
	

	66.0-71.0 GHz
	[TBD]
	[TBD]
	

	95.0-100.0 GHz
	[TBD]
	[TBD]
	

	123.0-130.0 GHz
	[TBD]
	[TBD]
	

	191.8-200.0 GHz
	[TBD]
	[TBD]
	

	235.0-238.0 GHz
	[TBD]
	[TBD]
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Purpose/Objective:


  


The purpose of this contribution is 


to further developmental of the 


handbook that would provide information on appropriate frequency bands for Detect and 


Avoid (DAA) radar systems installed on unmanned aircraft or for ground DAA radar 


systems to support unmanned aircraft operations.  


 


Abstr


act:


  


This contribution will continue the process of developing a 


handbook on UAS 


DAA System by addressing 


comments received from other administrations during the 


previous ITU


-


R WP


-


5B meeting


. 


 


This handbook replaces earlier effort of continue the process 


of drafting a new report for 


Detect and Avoid radar systems installed on unmanned aircraft and on the ground found in 


Annex 32 and 33 of the Chairman’s Report of the November 2020 WP


-


5B meeting. The 


initial efforts of developing these two documents explore


d various frequency bands to 


populate Section 5 (Spectrum analysis on suitability for detect and avoid system onboard 


unmanned aircraft) and the Summary Table in Section 6 are best suited for handbook. 


 


This new handbook will explore the list of frequency 


bands allocated to the Aeronautical 


Radionavigation and Radionavigation Services, which could be used for Detect and Avoid 


radar systems installed on unmanned aircraft and at the ground.  This handbook will 


ultimately supplement Chapter 4, Spectrum conside


rations for UAS sense and avoid system 


of the Report ITU


-


R M.2204


-


0 (11/2010).


 


This contribution will be an update to the Handbook considered at the 


30


th


 


meeting of WP


-


5B held in November 2022 (Annex 19 to 


Document 5B/731


-


E).
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