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	SUMMARY 

	As a result of an action item from the ICAO FSMP Secretariat in response to a letter to ICAO received from the CEPT Electronics Communications Committee (ECC) Working Group FM (WGFM) to advise ICAO that technical compatibility studies are envisioned to be undertaken on whether low power audio applications (Wireless microphones and In-Ear monitors) for Programme Making and Special Event (PMSE) can be allocated in the 960 – 1164 MHz frequency band which is heavily used for aeronautical safety services.

This Working Paper focuses on DME and GNSS navigation functions and the potential consequences for disruption of normal aircraft operations stemming from degradation or loss of any of these navigation systems while operating in RNP airspace.

The Working Paper provides an action for the meeting to consider the elements presented here as material that can be used to form an ICAO response to the CEPT ECC WG FM.




1. [bookmark: ditulogo]INTRODUCTION
1.1 General Information 

[bookmark: _GoBack]This Working Paper provides an overview on aeronautical navigation systems that are utilized in the frequency band 960 – 1215 MHz, systems that are globally harmonized. In addition, many States also utilize military systems in the same band in support of tactical navigation, communications, surveillance and other operational needs. The main focus of this Working Paper is oriented on the operational requirements of Performance Based Navigation (PBN) that are outlined in ICAO Doc 9613 and the resulting navigation accuracy requirements stemming from the PBN concept in support of RNP and RNAV and efficient airspace management in the Continental regions. This airspace operational requirement is commonly known for example, as B-RNAV in Europe, RNP 5 in the Middle East, and RNAV 2 in the United States. The Working Paper does not discuss oceanic airspace operational requirements. Moreover, it is also not the focus of this Working Paper to determine whether technical compatibility for PMSE use in the 960 – 1164 MHz band can, or cannot be achieved. 

The Working Paper highlights the operational consequences that would result from any potential for interruption or degradation of specific aeronautical navigation systems utilized in the band coming from a non aeronautical service, and the resulting impact to aircraft safety of flight and the potential for legal issues stemming from the inability of an aircraft or multiple aircraft to self navigate or separate within RNP mandated  airspace requirements.   

Two initial questions are posed regarding the use of a non-aeronautical service in the 960 – 1164 MHz band, particularly what compliance would PMSE have with the ITU Radio Regulations, and what regulatory allocation would PMSE use?  Since the predominant aeronautical allocations in this band are ARNS and AM(R)S, from an ITU regulatory perspective, no allocation exists in this band for a ‘broadcast’ or ‘fixed’ service. 

1.2 BASIC PBN OVERVIEW
ICAO Doc 9613, Fourth Edition contains eleven distinct navigation specifications and two attachments that can be combined with a navigation specification. By defining these navigation specifications, PBN supports a globally-harmonized transition to area navigation, RNAV. 
Required navigation performance (RNP) is a type of performance-based navigation (PBN) that allows an aircraft to fly a specific path between two 3D-defined points in space. Area navigation (RNAV) and RNP systems are fundamentally similar. The key difference between them is the requirement for on-board performance monitoring and alerting. A navigation specification that includes a requirement for on-board navigation performance monitoring and alerting is referred to as an RNP specification. One not having such a requirement is referred to as an RNAV specification. Therefore, if ATC Radar Monitoring is not provided, safe navigation in respect to terrain shall be self-monitored by the pilot and RNP shall be used instead of RNAV.
For example, RNP also refers to the level of performance required for a specific procedure or a specific block of airspace. An RNP of 10 means that a navigation system must be able to calculate its position to within a square with a lateral dimension of 10 nautical miles. An RNP of 0.3 means the aircraft navigation system must be able to calculate its position to within a square with a lateral dimension of 3/10 of a nautical mile.The differences in these systems are typically a function of on-board navigational system redundancies and the navigation signal availability. 
The current specific requirements of an RNP system include:
· Capability to follow a desired ground track with reliability, repeatability, and predictability, including curved paths; and
· Where vertical profiles are included for vertical guidance, use of vertical angles or specific altitude constraints to define a desired vertical path.
The performance-monitoring and alerting capabilities may be provided in different forms depending on the system installation, architecture, and configurations, including:
· display and indication of both the required and the estimated navigation system performance;
· monitoring of the system performance and alerting the crew when RNP requirements are not met; and
· cross track deviation displays scaled to RNP, in conjunction with separate monitoring and alerting for navigation integrity.
An RNP system utilises the aircraft navigation sensors, system architecture, and modes of operation to satisfy the RNP navigation specification requirements. It must perform the integrity and reasonableness checks of the sensors and data, and the aircraft FMS (Flight Management System) may provide a means to deselect specific types of navigation aids to prevent reversion to an inadequate sensor. (eg, invalid data on a DME channel, or GNSS position errors).
2. [bookmark: _Ref102271517]DISCUSSION 
The 960 - 1164 MHz band is allocated to a variety of aeronautical safety systems under the ARNS (Aeronautical Radio Navigation Service) and AM(R)S (Aeronautical Mobile Route Service). The band is also used by Military systems for navigation, communications and surveillance functions in some States, authorized by their national administrations. The global harmonization of the aeronautical systems in this frequency band is technically complex, nonetheless these systems are a critical element used to support a global air transportation industry. The SARP’s in ICAO Annex 10 outline the technical operating criteria for these systems, whether navigation, surveillance or communications. Of particular interest in this band is the global use of DME  (Distance Measuring Equipment) and how DME – DME is an integral part of the PBN and RNP concept.

In addition to the above, the use of GNSS for precision navigation is also a critical factor in PBN and achieving the required level of RNP in continental airspace. Even though GNSS operates in the 1164 – 1215 MHz band, the susceptibility of the low level signals to interference, degradation or loss entirely needs to be considered in the context of the impact to aircraft operational requirements in meeting a specific RNP level in continental airspace.

As noted above in the PBN overview, the RNP levels are typically a function of on-board navigational system redundancies and the navigation signal availability. Whether GNSS, DME or Inertial Reference, unavailability of any of the sensors begins to degrade the RNP level specified for the aircraft to navigate within the lateral allowable deviations. (eg within +/- 5 NM, +/- 10 NM). In an operational scenario under the conditions of loss of GNSS signal, from either sensor failure or RFI, the aircraft FMS would resort to DME-DME for the navigation solution and maintaining lateral track accuracy to meet the required RNP specification. 

In the above scenario, the potential exists for degradation of the DME data received by the aircraft, due to aggregate interference from PMSE, and the resultant impact on the FMS resolution functions when no other DME’s within range can be received. The aircraft will be unable to maintain the specified navigation solution and lateral track accuracy. This scenario can be further compounded by the fact that several other aircraft could be operating in the same airspace, at different altitudes, same or opposite direction and also lose the same DME – DME capability. Assuming IFR (Instrument Flight Rules) operations under these conditions of navigation sensor unavailability, the potential exists for a legal loss of separation between aircraft operating in very dense continental airspace. An important factor to consider in this scenario is the designated ability of an aircraft to meet specific RNP levels within a given airspace region that is a legal declaration during the flight planning submission process. When the ability of an aircraft to self navigate is degraded, safety of flight becomes a primary concern.    
3. REGULATORY AND LEGAL IMPLICATIONS 

Considering the complex and sensitive balance that is achieved amongst the allocated aeronautical systems operating in the 960 – 1164 MHz band on a global basis, it is made possible by adherence to ICAO Annex 10 SARP’s, ITU Radio Regulations, RTCA, Eurocae, rules, guidance and standards from other recognized technical standards bodies. Collectively, between the regulatory and standards material governing the use of aeronautical systems in this frequency band, the global aviation transportation industry is able to maintain safety, stability, sustainability amd economic growth. 

There is a massive financial investment in aircraft by business and commercial operators with the knowledge and expectation that they have to meet all the regulatory standards and requirements applicable in the air transport industry in order to provide their service. Accordingly, the assumption of implementing a non-aeronautical service in the 960 – 1164 MHz band amongst critical aviation systems, in reality it does not make any technical, economic, regulatory or even legal sense. The potential regulatory and legal risks of attempting to do this far outweigh any benefits, particularly when such a ‘broadcast’ service could be more favorably acomplished in bands that are allocated to broadcast or mobile services. 

As with all the aeronautical services that are allocated in the 960 – 1164 MHz band that include Secondary Surveillance Radar (SSR), Automatic Dependent Surveillance – Broadcast (ADS-B), Traffic Collision Avoidance System (TCAS), Distance Measuring Equipment (DME), Universal Access Transceiver (UAT), and in the near future L-band Digital Aeronautical Communication System (LDACS) will be deployed. It is important to note that all of these systems are standardized by ICAO, the technical criteria is contained in Annex 10, the aircraft transmitters and receivers are designed to meet RTCA and Eurocae standards. The systems operate on a global basis using radio frequency spectrum authorized by ITU Radio Regulations. The ITU Treaty Regulations have been adopted by States and have full force in regard to that State having authorization to operate aeronautical safety systems with known protection margins. 

Moreover, this brings forward the necessity to highlight some crucial questions regarding the consideration to implement PMSE in the 960 – 1164 MHz band.

· What global technical standards will PMSE transmitters and receivers be required to meet ?
· What service allocation is PMSE intending to operate under in accordance with the ITU Radio Regulations ?
· What protection margins will aeronautical systems be given from the aggregate emissions of PMSE ?
· What recognised global standards will apply to the software that is used by PMSE ?
· What State or administration, from a legal perspective is going to provide licensing authorization of PMSE equipment ?

The questions above are quite important to aviation and the air transportation industry, which includes the airframe manufacturers around the globe. The air transportation industry is very unique, quite unlike any other industry, for example, when one commercial aircraft is in flight, that aircraft at any given moment in time can be using or accessing more than twelve different frequencies simultaneously for the provision of communications, navigation and surveillance. In that collective aspect, the use of radio frequencies in this manner, frequencies that are protected under 4.10 of the Radio Regulations, is an integral part of the worldwide economic and social benefits and safety record accorded to the international air transport industry.   



4. ECONOMIC AND SOCIAL BENEFITS OF AIR TRANSPORT 

This section provides a snapshot of the importance of air transportation on a global scale and how aviation benefits people both economically and socially. The results of studies conducted by Oxford Economics are presented below to assist the meeting participants to understand the magnitudes of scale resulting from global air transportation. 

EMPLOYMENT

The air transport industry supports 62.7 million jobs globally 
It directly creates 9.9 million jobs worldwide 
Airlines, airports and air navigation service providers (ANSPs) employ 8.9 million people 
The civil aerospace sector employs 1.1 million people 
11.2 million indirect jobs are created via purchases of goods and services from companies in the air  
      transport supply chain
5.2 million jobs are induced through spending by industry employees 
Almost 36.3 million direct and indirect jobs are created through air transport’s catalytic impact on tourism 


 ECONOMIC BENEFITS 

Aviation provides the only worldwide rapid transportation system which makes it essential for global               
      business and tourism 
Aviation’s total global economic impact is $2.7 trillion including direct, indirect, induced and the catalytic      
      effects of tourism 
Aviation transported approximately 3.6 billion passengers in 2015 
Aviation carried 51.2 million tonnes of freight in 2015 and 35% of interregional exports of goods by value 
Daily value of goods sent by air is now $17.5 billion 
Research conducted in the US suggests that for every $100 million dollars invested in aerospace yields an  
     extra $70 million in GDP year after year. 


SOCIAL BENEFITS
 
Aviation broadens people’s leisure and cultural experiences via wide choice/affordable access to 
     destinations across the globe 
Improves living standards and alleviates poverty through tourism 
Often serves as the only means of transportation to remote areas promoting social inclusion 
Contributes to sustainable development by: 
o Facilitating tourism and trade 
o Generating economic growth 
o Creating jobs 
o Increasing tax revenues 
Facilitates the delivery of emergency and humanitarian aid relief 
Swift delivery of medical supplies, organs for transplantation

5. CONCLUSION AND RECOMMENDATIONS
The meeting can conclude from the factual information provided in this working paper that the air transportation industry is solely reliant on access to interference free radio frequency spectrum. The entire air transport industry is built around the design and implementation of regulations, standards, operating criteria and adherence to very stringent safety requirements. The air transport industry is reliant on all the regulatory frameworks and applicable standards that are in place for the protection and safety of aircraft and crew, passengers and the general public. For these reasons, the views below are expressed;

	CONCLUSIONS

· For reasons of potential risk to the safe operation of aircraft, that PMSE should not be implemented in the 960 – 1164 MHz band.
· That by permitting PMSE in the 960 – 1164 MHz band, whether only on a national or regional basis would set a very dangerous precedent emanating from the implementation of a non-safety application operating in a safety service frequency band, likely not in conformance, compliance or recognition of any international regulations or standards.
· That critical aeronautical systems operating in full compliance with 4.10 of the Radio Regulations should not be placed at risk by a public application that has the potential for aggregate emissions that may not be controllable or effectively monitored by State radio regulatory authorities.
· That the potential risk to the safe operation of the air transport industry should not be jeopardized by a non-safety public application in the 960 – 1164 MHz band.

The above conclusions support the following recommendations;

	RECOMMENDATIONS

· That the proponents of PMSE consider seeking spectrum in a more suitable Broadcasting or Fixed band where equitable access can be achieved without placing undue constraints on incumbents.
· That under the mandate of seeking innovative ways to share spectrum, that frequency bands allocated under 4.10 of the RR’s for aeronautical services be excluded from further and future considerations of sharing spectrum with non-safety public applications.
· That if any State or Administrations wishing to implement PMSE on a national or regional basis in the 960 – 1164 MHz band in contravention of the ITU Radio Regulations, be fully accountable and liable for any incident caused by PMSE involving the degradation of aeronautical systems used for the safe operation of aircraft in their airspace jurisdiction.
· That ICAO recommends no further considerations or technical studies be continued related to the implementation of PMSE in the 960 – 1164 MHz band.
6. ACTION BY THE MEETING
The meeting is invited to note the information provided in the WP and, specifically the conclusions and recommendations reached from the analysis of the potential risk to the safe operation of aircraft. The information can be used in preparing a formal response to CEPT ECC WGFM from ICAO.
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