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	SUMMARY

	During FSMP WG/14, in the context of discussing the potential use of FSS for C2 link for the operation of unmanned aircraft systems (UAS), also a debate on the use of recognized “aeronautical spectrum” versus “non aeronautical spectrum” for safety purposes started. 

This paper provides background on the provisions in ITU regarding the treatment of allocations which are used or planned to be used for Aeronautical Radiocommunication. 


1. INTRODUCTION

1.1  During FSMP WG/14, in the context of discussing the potential use of FSS for C2 link for the operation of unmanned aircraft systems (UAS), also a debate on the use of recognized “aeronautical spectrum” versus “non aeronautical spectrum” for safety purposes started.
1.2 This contribution gives some background on the provisions in ITU about the treatment of allocations which are used or planned to be used for aeronautical radiocommunication.
2. History

2.1 Everywhere, where radiocommunication is applied, it is essential that the communication is sufficiently reliable to fulfil the given task. At the same time, radiocommunication is subject to a number of effects which may add additional challenges to the reliability of the communication. This applies also for radiocommunication systems used in aviation.

2.2 Already at the early days of radiocommunication it was understood that the use of radio waves requires a certain degree of cooperation and coordination between countries. It was already understood at the beginning that such a process requires an international framework. Already in 1906, the first version of the Radio Regulation was agreed. This development of this first set of provision was already undertaken in the International Telegraph Union founded in 1865, which is in these days know as International Telecommunication Union.

3. Organisation of communication, Priority

3.1 Certain applications, like most of the communication for aviation messages, need to be delivered without unnecessary delay. For this case already in the constitution of the ITU gives an indication in Article 40 of the constitution of the ITU which applies for all types of communication, not just for radiocommunication. 

ARTICLE 40

Priority of Telecommunications Concerning Safety of Life

International telecommunication services must give absolute priority to all telecommunications concerning safety of life at sea, on land, in the air or in outer space, as well as to epidemiological telecommunications of exceptional urgency of the World Health Organization.

3.2 This provision prioritises inter alia the communication concerning safety of life in the air. 

3.3 With the understanding about ‘priority’
 Article 40 of the Constitution of the ITU mandates that a given communication channel shall be used for the type of communications listed in that article, before the channel is used for other messages. This requires knowledge of the content of a message, therefore looking at radiocommunications this article cannot be fulfilled, based on the knowledge of the radiocommunication service alone. In addition to the knowledge about the content a service overarching network management would be needed controlling the data streams of different radiocommunications services. Such a priority-based throughput management is implemented in (radio) communication networks using IP-based data transmission but is not capable to work outside the own communications network. The problem becomes even more explicit in case of end-to-end encryption of the user data, i. e. the content. One solution for the priority needs is the dedicated assignment of a frequency slot or a channel (dependent on the technical solution), in the FSS example this procedure is the normal case for leasing / assigning satellite capacity. 

3.4 For aeronautical services, Radio Regulations (RR) Article 44 “Order of priority of communication” gives further details on the sequence of messages. Here again, priority is given based on the content of the message, since this article talks about the priority of messages going through one radio communication service. It can only be the operator of a station or a network management belonging to this station sorting out the sequence of messages according to their priority.

3.5 Looking at the example of a C2 link using FSS, dedicated spectrum is reserved for the C2 link. No other messages than the C2 link messages can use this communication channel. Hence this kind of operation is in accordance with Article 40 of the ITU Constitution and therefore is not in conflict with RR Article 44.

3.6 It should be noted that the C2 Link architecture defined in the respective SARPs (Annex 10 Volume VI) contain the network internal user data and the link management (including radio resource management) by the implementation of C2 Link Control Data. The C2 Link management is responsible for establishing the above-mentioned principles independent on the chosen technical solution. 
Assignments planning in accordance with the ITU Radio Regulations (RR) 

3.7 Article 18 of the RR mandates administration to issue a licence for each transmitting station. (In recent time administrations (at least in Europe) tend to grant general licence for certain applications and for defined frequency ranges.) 

3.8 In assigning a frequency to a station, administrations have to apply all provisions of the RR. Of particular interest for application in the field of aeronautical applications is No 4.10 of the RR.

4.10
Member States recognize that the safety aspects of radionavigation and other safety services require special measures to ensure their freedom from harmful interference; it is necessary therefore to take this factor into account in the assignment and use of frequencies.
3.9 This provision highlights that Radionavigation and other safety services require special measures to ensure freedom from harmful interferences, which needs to be taken into account in the assignment and use of frequencies.

3.10 To apply this provision, ITU Member States need to differentiate between safety services and other services, when assigning frequencies to a radio station. 

Safety service

3.11 While the definition of Radionavigation in RR No.1.10 is quite clear, the definition of a safety service in RR No. 1.59 leaves room for interpretation. The definition seems to look at the application of a service. The common understanding however, is that a radiocommunication service is either accepted to be a safety service, - or not.

3.12 The aeronautical route (R) service is regarded as a safety service and the aeronautical (OR) service is not (similarly the corresponding satellite services). This is one interpretation on these different services, but not necessarily the only one. 

3.13 In some cases, these services benefit from exclusive allocations. With the development of modern communication this option more and more disappears (see WRC-23 AI 1.7 where a new allocation is considered for a band allocated to the AM(R)S.

4. Special measures as indicated in ITU RR 4.10

Selection of a frequency

4.1 Ideally, a frequency is selected and assigned to a station exclusively for one station. Unfortunately, there are more stations than frequencies. The use of one frequency for multiple stations can be achieved by several means, like coordinating the use in separated geographical areas, by limitation of the signal strength, by signal spreading, by polarisation or separation in time, - among others. The result of a coordination process, which may involve neighbouring administrations, is always a limitation of the interference potential, but cannot completely remove the potential of interference. The rule to coordinate with neighbouring countries underline, that not all stations which may cause interference are in the jurisdiction of the administration responsible for the licence.

Limitation for the operation of a station

4.2 In order to implement the result of a coordination, the licence gives limitations on the operation of the station. The most imported parameters are location, frequency to be used, modulation and a limit for the radiated power. In case of a mobile station, the location may be described as an area around a base station. In case of licenses for earth stations of satellite systems, the system itself including some emission parameters are also part of it. The limitation parameters for a licence may also include parameters for the receiver.

4.3 In special cases, the operation might be limited to equipment which fulfils certain requirements, such as certification in accordance with a given standard. By referring to a standard, issues like receiver characteristic, interoperability and electromagnetic compatibility can be addressed.

In case of interferences

4.4 Although RR No. 4.10 does not directly address interferences, it is indicated that special measures to ensure freedom from harmful interference are to be in place during the use of frequencies. Which may include special measures to treat interferences. This may include priority for solving interferences, however reporting, and analysing interferences takes some time. In ideal cases of interference, a solution can be achieved in the course of several hours. In realistic scenarios the resolutions may take hours up to several days to identify a source of interference (As working for several years in the national monitoring service the one of the authors of this paper has some experience in this respect).

4.5 A different way to reduce the effect of interferences, is to include already in the licence the requirement to implement certain measures to prepare for the case of interferences. This might be the exclusion of the certain geographical areas, the requirement of providing additional communication channels / alternative frequencies, or the adaption of the modulation scheme in order to achieve the required performance in present of a potentially interfering signal. It should be noted that a lot of technical means are implemented in state-of-the-art networks like uplink power control (UPC), adaptive coding and modulation (ACM), real-time signal and interference monitoring etc. 
Implication for use of “non-safety spectrum” for systems in the aviation world

4.6 The most important thing in communication (not just in aviation) is that information reaches its destination unchanged, compared to the information to be transported and without unnecessary delays. In many cases, it is as well important the transport from the origin to the destination will occur within the transaction time requirements. This aim can in principle be achieved within all types of spectrum. To achieve certain degree of reliability, special measures need to be in place. Most of the measures which are required through provisions, such as RR No. 4.10 can be implemented or have been already to spectrum outside Radionavigation and safety services as well. The use of a dedicatedly allocated spectrum for communication is the ‘normal mode of operation’ in some non-safety services such as the fixed satellite service (FSS). Allowing sufficient bandwidth in a channel and backup frequencies in another channel, or on another satellite, to give room for complex and robust modulation and provide the possibility to switch the frequency in case of link impairments would be additional means to reduce the effect of interfering signals. Furthermore, the control centers implemented in some non- safety services (e.g., FSS) allow for online monitoring and interference detection systems with a high degree of automatization making the operators capable to fast react in case of interferences. Finally, a restriction of operation to certain geographical areas (geo-fencing), where the number of potentially interfering station is low or does not exist can make the use of non-safety spectrum an appropriate means.
Examples of the use of non-safety spectrum for aeronautical purposes

4.7 In some cases, already for years information for which requires, in accordance with the service definitions in the RR, either to be carried in AM(R)S or AMS(R)S are transmitted within allocations to the FSS.

4.8 One example is the use of FSS as a feeder link for AMS(R)S systems. Although the authors have no doubts on the reliability of this mode of operation, no technical analysis has been undertaken so far to assess the risk of this kind of operation. 

4.9 Due to the use of transparent transponders – transferring every uplink interference also towards the downlink, like the signal itself – it is important to always consider the end-to-end satellite connection. Hence, the above example demonstrates the principal suitability of the FSS.

4.10 The second example is more difficult to assess. During some world radiocommunication conferences the issue of very small aperture terminals (VSAT), inter alia for the purpose of forwarding the communication between ATC and Pilots to remote ground stations, was discussed. At the end of this process, Resolution 154 (Rev.WRC-15) was established. In this respect, no technical analyses on the feasibility and reliability of the used FSS satellite systems is known. The application of provisions, like RR No. 4.10, is impossible because the exact frequencies used for aeronautical safety purposes is not known and by this the regular status of the FSS itself would be changed.
5. ACTION BY THE MEETING

5.1 The meeting is invited to agree on the use of non-safety spectrum for aeronautical purposes under the prerequisite that: 

· a decision of the appropriateness of the use of non-safety spectrum depends on the situation and requires the analysis of multiple influencing factors and can therefore not be answered generally;

· for fulfilling safety of flight requirements including interference mitigation the implementation of appropriate measures (compare Article 4.10: “… special measures…”) on licensing, planning and operational level is the essential fact, whereas the regulatory status of the frequency alone cannot guarantee freedom from harmful interference; 
· in cases. where an assessment of the reliability of a communication link is possible and it is shown that the requirements can be fulfilled, non-safety services can be used for aeronautical safety communications;

· the result of assessment of the reliability varies with the change of the situation in different geographical areas

— END —
� The Cambridge dictionary uses the following description: "something that is very important and must be dealt with before other things”.
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