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1.
Introduction

1.1
The meeting was opened by Mr Loftur Jonasson from the ICAO Secretariat, Montreal and Mr Mike Biggs, the Rapporteur of Working Group F (WG-F).  Mr Jonasson and Mr Biggs both expressed special thanks to the ICAO Asia and Pacific (APAC) Regional Office

for hosting the meeting.  Mr Jonasson acted as the Secretary of the meeting, assisted by Mr Li Peng and Mr Frederic Lecat, Regional Officers CNS ICAO APAC.
1.2
The Rapporteur noted with sorrow the passing of Ms Barbara Hanson D'Amato, Assistant Director, Aviation Radio Spectrum, International Air Transport Association (IATA).  In  recognition of  her long and varied support of aviation and aviation spectrum protection in many forums, the meeting held a moment of silence in her honor.
1.3
The meeting was held in English. After the opening of the meeting the agenda was approved by the group. The agenda is contained in Appendix A.
1.4
The list of papers submitted for consideration by WG-F is contained in Appendix B. The list of participants is in Appendix C.
1.5
The material in this report is organized by meeting agenda item number, and does not necessarily reflect the order of discussions.

1.6
IP10 provided a report on the outcome of the 38th Session of the ICAO Assembly (Montreal, 24 September – 4 October 2013) which considered a number of Frequency Spectrum related papers under its Agenda Item 34 (“Air Navigation – Monitoring and Analysis”).  Particular note was made of Assembly Resolution A38-6 which reaffirmed the need for Member States to support the ICAO position on aviation requirements for spectrum at the International Telecommunications Union (ITU) World Radiocommunications Conference (WRC) and updated the ICAO policies on radio frequency matters, previously contained in Assembly Resolution A36-25, taking into account Recommendation 1/12 of the Twelfth Air Navigation Conference (AN-Conf/12).  The Assembly also supported studies of WRC-15 agenda item 1.5, space-based ADS-B and protection of very small aperture terminals (VSAT) used for aeronautical purposes.
2.
Agenda Item 2 – Future Work Program
	2.1
No papers were input on Agenda Item 2.  In response however to questions, the Secretary provided an oral presentation regarding Panel reorganization efforts in the Air Navigation Commission (ANC).  In particular the current plan was to group Panels into broad categories designated as “Integration”, “Operations”, “Enablers” or “Specialty”. In earlier versions WG-F became a Frequency Spectrum Panel under “Enablers”, however in the latest configuration WG-F becomes a working group under a new Communications Panel.  That Communications Panel is a combination of the current OPLINK Panel and the Aeronautical Communications Panel (ACP).  The Secretary stressed however that the final decisions had not been made.  After discussion concern was raised about whether WG-F would have to gain additional approvals (e.g., via a Working Group of the Whole meeting) before updates to the ICAO WRC Position could be forwarded to the ANC.


3.
Agenda item 3 – Aviation Safety Margins
3.1
WP19 discussed a method for assessing the level of protection that an aeronautical system required based on the identification of hazards and risk assessment conducted as part of the systems safety case.  It was pointed out that such an approach could potentially be adapted to identify the allowable probability of interference to the radio link.  The meeting appreciated the suggestion, and suggested that such a structured methodology would be useful if it could be utilized to support necessary safety margin levels.
3.2
IP06 provided a draft document being developed by ITU-R WP5B on protection criteria for aeronautical and maritime systems (ITU-R M.[Protect]).    The stated goal of the paper is to review and describe what harmful interference is to radiocommunication and radionavigation systems and outline possible ITU-R publications and spectrum management practices that can help mitigate and suppress those potential interferences.  After discussion however the meeting noted that if such a document were to be developed, it should be done in ICAO and then liaised to ITU.  The meeting agreed that the best outcome would be for WP5B to stop further development of the material.

4.
Agenda Item 4 – Updates to Aviation Frequency Spectrum Strategy
4.1
No contributions were provided on this topic.
5.
Agenda Item 5 – RF Handbook Volume II (Doc 9718 Vol II), Frequency Assignment Planning
5.1  
No contributions were provided regarding the RF Handbook Volume II, however the meeting was informed that Volume II is on the ACP website in the Repository section, and the version there includes some redline updates proposed by the Secretary.  The meeting was invited to review those proposals and provide inputs for the next meeting.
6.
Agenda Item 6 – 5 GHz Band Planning

6.1
WP07 provided information on how the 5 GHz frequency range is utilized by aviation in Japan.  Measurements of electromagnetic signals in the 5 030-5 090 MHz band were made in the vicinity of Sendai airport, revealing extensive use of fixed broadband wireless access systems used on a national basis in that band.  While impacts from those systems would be minimized by the fact they use directional antennas, they are also currently time-limited and authorized until only 2017.  One purpose of the measurement campaign is to determine if those authorizations should continue beyond that date given planned implementation of unmanned aircraft system (UAS) control and non-payload communications (CNPC) and/or AeroMACS in that band.
6.2
IP03 provided a summary of radio propagation measurements made in support of C-Band CNPC testing.  The scenario studied focused on an ad-hoc/mobile ground control station communicating to small-sized UAS as part of a disaster mitigation exercise.  A small manned aircraft was used to simulate the UAS, and signals transmitted from that aircraft were received at a ground station.  The operational range was about 10km, and the goal of the measurements was to develop channel models.
6.3
IP09 presented a description and initial results of flight tests of a second-generation, prototype, CNPC radio developed jointly under a cooperative agreement between the US NASA Glenn Research Center and Rockwell Collins Inc. These tests were intended to support the validation of CNPC air-ground radio system requirements and the development of CNPC standards.  The second generation prototype CNPC radio operates in the C-Band (5030-5091 MHz), whereas the first generation radio operated only in L-Band (960-977 MHz).  In general the received signal strength performance data from the radio followed the predicted signal strength curve.  The CNPC radio sensitivity also allowed measurement data to be collected when the aircraft was operating beyond LOS, thereby demonstrating diffraction effects caused by terrain obstructions.  Depending on aircraft altitude and radio transmitter output power,  line-of-sight slant ranges of up to 120 nmi were achieved; exceeding the 69 nmi radio design goal.
6.4
WP11 provided status on standards development and research, as well as program activities ongoing to support future system implementation of the AeroMACS system.  The paper focused in particular on AeroMACS usage in the United States.

6.5
IP05 provided an AeroMACS status including a SESAR AeroMACS project update.  Efforts are actively underway in many fora on many related products including the Wi-Max Forum (IEEE 802.16 standard), Aviation Profile for that IEEE standard, minimum operational performance standards (MOPS), minimum aviation system performance specification (MASPS), ICAO standards and recommended practices (SARPS) and Technical Manual, and Airlines Electronic Engineering Committee AEEC (Fit, Form, Function standards).  SELEX and Thales prototypes are deployed on Toulouse airport, ready to support airport tests on car, on aircraft and in the Airbus laboratory. Results from those Toulouse area tests will be available last Q 2014, so they should be available for the next WG-F meeting.
7.
Agenda Item 7 – Development of material for ITU-R meetings
7.1
Inputs regarding WRC-15 Agenda Item 1.1

7.1.1
WP05 noted that ITU-R WP5B was currently undertaking a revision of Recommendation ITU-R M.1638 which contains the technical and operational characteristics of, and protection criteria for, radars operating in the frequency band 5 250-5 850 MHz.  As part of that revision, WP5B is considering whether the current characteristics for weather radars in the 5 350-5 470 MHz band should be retained, as many such radars have migrated to the 9 GHz band.  The paper suggests that due to the long timelines for aircraft re-equipage, the technical characteristics should be retained, and that ICAO should send a liaison to WP5B providing that opinion.  After discussion, the meeting agreed that the material should be retained, but did not think it necessary for ICAO to send a liaison. If WP5B decides to remove the material, they will send a liaison to ICAO, and at that point ICAO could push to retain it.
7.1.2
WPs 14, 17 and 18 were discussed together as they all dealt with studies of compatibility of possible mobile broadband systems operating in frequency bands adjacent to that used by radio altimeters (i.e., adjacent to 4 200-4 400 MHz).  The meeting agreed that were IMT to be introduced in bands adjacent to the altimeters, based on characteristics contained in ITU-R Recommendations, both mobile broadband base stations and handsets would cause interference to those altimeters during approach and landings.  Recognizing that such studies had not been accomplished in the ITU-R Joint Task Group 4-5-6-7 (JTG 4-5-6-7), and that it was too late to submit such studies to the JTG, the meeting was invited to discuss the results with their administrations to ensure the risks were recognized.  In addition, participants were encouraged to begin discussions with radio altimeter equipment manufactures to determine if mitigations exist or could be implemented to address the expected interference.  Any such mitigations would have to be documented.
7.2
Inputs regarding WRC-15 Agenda Item 1.5

7.2.1
WP02 provided updates to a similar contribution presented to WG-F/29 taking into account comments from that meeting.  The paper addressed each of the “conditions” on satellite UAS CNPC links contained in the draft ICAO WRC-15 Position on Agenda Item 1.5 and attempted to indicate how they would be satisfied by a system operating in the fixed satellite service.  The meeting reviewed each of the proposals to satisfy the conditions, and provided the author with constructive comments regarding additional material that was required.  These comments are shown in Appendix D. 
7.2.2
WP13 suggested addressing agenda item 1.5 by making an allocation to the aeronautical mobile satellite (R) service (AMS(R)S) is introduced in any global frequency band that is currently allocated to the fixed satellite service that are not subject to the provisions of Article 30, 30A or 30B.  This could either be achieved through table allocations or the use of a footnote.  An associated Resolution would also be developed that places the relevant limitations on the use of that AMS(R)S allocation in order to ensure that it does not pre-empt or gain priority over fixed satellite systems during coordination. It is also proposed that the Resolution further restrict any such allocation to the AMS(R)S to systems that have already been co-ordinated as fixed satellite.
7.2.3
After considerable discussion on the two papers, noting that the actual/physical satellite system would likely be the same independent of the radio service under which it operated for UAS CNPC provision, the meeting recognized that there was some convergence on “assignment issues” – that is the mostly technical details that would apply to any UAS CNPC assignment.  Regarding “allocation issues” however – that is specific radio service to which those assignments should be made – there were two distinct opinions.  One was that the only acceptable radio service would be AMS(R)S, allocations for which, by the agenda item wording, could be made in the referenced “FSS bands”.  The other opinion considered that the assignments could be made to the FSS if sufficient other radio regulatory protections and definitions were added.  The group agreed that further development on material regarding WRC-15 AI 1.5 at future WG-F meetings would be directed toward (1) technical assignment issues, (2) allocation issues (Method 1 AMS(R)S), and/or (3) allocation issues (Method 2 FSS). 
7.3
Inputs regarding WRC-15 Agenda Item 1.17

7.3.1
Noting that WAIC papers WP03, WP04, WP08 and WP20 all addressed regulatory and/or CPM issues, the meeting agreed to present them all together and then have one larger discussion. 

7.3.2
WP03 introduced two proposed alternative definitions of Wireless Avionics Intra-Communications (WAIC) for inclusion in the WRC-15 Agenda Item 1.17 Conference Preparatory Meeting (CPM) text.  

7.3.3
WP04 provided information on a potential regulatory issue concerning an allocation to the aeronautical mobile (route) service (AM(R)S) for WAIC applications.  In particular the paper noted that WAIC may not meet the provisions of Radio Regulations (RR) No. 40.1, 43.1 and 45.7.  Considered most problematic was No. 43.1 as it requires communications in “(R)” bands to be between aircraft and the ground (for AM(R)S) or satellites (for AMS(R)S).  In contrast, WAIC will communicate between two stations on the same aircraft.  

7.3.4
WP08 provided an update on the current draft CPM text for WAIC.  The paper asked that ICAO support the regulatory approach described in option 1 of the Method for the 4 200-4 400 MHz band, agree on a way to define WAIC in the Radio Regulations, and also support the addition of the bands 22.5-22.55 GHz and 23.55-23.6 GHz if studies can show compatibility with incumbent and adjacent-band services.  
7.3.5
WP20 summarized the current status of discussions on the preparation of CPM Text for WRC-15 agenda item 1.17 to solicit input on the most preferable way to implement regulatory provisions in support of future WAIC systems.
7.3.6
After discussion the meeting agreed the following points:

(a) Two methods could be used to make the necessary allocations to AM(R)S to support WAIC.  The first would add the AM(R)S allocation but limit it to WAIC.  This approach would require a Radio Regulations Article 1 definition for WAIC (see 7.3.6.b) and any necessary technical in-band restrictions on WAIC could be introduced through footnote wording or incorporating by reference an ITU-R Recommendation or WRC Resolution.  The second method would “limit use of the AM(R)S to systems operating in accordance with Resolution [WAIC]”.  That Resolution would then include text explaining WAIC (i.e., similar to the considerings in Resolution 423 (WRC-12)) as well as resolves to address any necessary technical in-band restrictions on WAIC.
(b) If an Article 1 definition of WAIC is required, the meeting could accept any of the three versions proposed in WP03 and subsequent discussion:  “Safety-related communications between two or more aircraft stations located anywhere on single aircraft; supporting only the safe operation of this aircraft and its systems.”  or “Radiocommunications between two or more aircraft stations located on a single aircraft; supporting the safe operation of this aircraft and its systems.”  It was also noted however that changes to Article 1 could have resultant impacts on National allocation tables.
(c) Article 43.1 does not appear to be consistent with the Article 1.32 definition of aeronautical mobile service.  It was noted a slight modification (e.g., via WRC-15 agenda item 9.1.4 or though the Director’s Report) ala “Frequencies in any band allocated to the aeronautical mobile (R) service and the aeronautical mobile-satellite (R) service are reserved for communications relating to safety and regularity of flight between any aircraft stations, or aircraft stations and those aeronautical stations and aeronautical earth stations primarily concerned with flight along national or international civil air routes.” would make them consistent.  If such a revision were not made however, care must be taken to remove WAIC from the provisions of the existing Article 43.1.
(d)   Existing footnote No. 5.438 will require modification including a reference to WAIC (e.g., “Passive sensing in the Earth exploration-satellite and space research services may be authorized in the frequency band 4 200-4 400 MHz on a secondary basis (no protection is provided by radio altimeters or by XXX).”).  Depending on the method selected for the actual WAIC allocation (see 7.3.6.d) that XXX reference could simply state “WAIC” (if the Article 1 definition exists), or “AM(R)S” if it does not.
7.3.7
WP09 provided a summary of the WAIC analysis work that has been accomplished in the course of WRC-15 agenda item 1.17 on the aeronautical frequency bands below 15.7 GHz.  In particular the paper concludes that the band 4 200-4 400 MHz is considered suitable for accommodating future WAIC systems without impacting the incumbent use of the band. This is due to the available bandwidth, the low number of incumbent systems, and the ability to design WAIC systems such that their RF emissions do not interfere with these incumbent systems and vice versa.  Due to less successful compatibility results, the paper also suggests withdrawal of the study documents for the bands 2 700-2 900 MHz and 5 350-5 460 MHz and instead incorporation of an excerpt of the main results and conclusions of both documents into the ITU-R Report M.[WAIC BANDS].  After discussion the meeting agreed with the proposals with, if warranted, slightly more of the 2 700-2 900 MHz and 5 350-5 470 MHz material being retained as annexes to the M.[WAIC BANDS] report.
7.3.8
WP15 provided an update of the studies between WAIC systems and the services in the bands 22.5-22.55 GHz and 23.5-23.55 GHz and between WAIC systems and the passive services in the adjacent bands.  It further proposed that ICAO support a Method in the AI 1.17 CPM text that includes changes to the Radio Regulations adding the AM(R)S service to the bands 22.5-22.55 GHz and 23.5-23.55 GHz, if the sharing studies show compatibility between WAIC systems and incumbent systems in these bands and passive services in adjacent bands.  After discussion the meeting, while sympathetic to the possible need for additional spectrum to address implementation issues, supported use of the referenced 22/23 GHz bands only on the basis of demonstrated compatibility with incumbent systems.
7.3.9
WP21 solicited discussion within WG- F on the request made by one European Administration to study potential adjacent band interference caused by future WAIC systems. The main concern of this Administration is that WAIC systems operating in the band 4 200-4 400 MHz might cause harmful interference into the Fixed Satellite Service in the adjacent band 3 600-4 200 MHz. While it is common practice that adjacent band interference is studied if the potentially impacted service is a passive or safety service, this is not the case with regards to the Fixed Satellite Service. Therefore, and in particular because WAIC systems employ much lower e.i.r.p. levels than for instance airborne radio altimeters (the primary users of the band 4 200-4 400 MHz) the paper argued that adjacent band studies are not required.  The meeting agreed with this assessment, and in particular noted that given the very large power differences between WAIC and altimeters, if the FSS were to be interfered with by WAIC at any given instant, it would have already been interfered with by the radio altimeter.
7.4
Inputs regarding WRC-15 Agenda Item 9.1 (sub-item 5)

7.4.1
WP22 provided the current draft CPM text for Agenda Item 9.1 (sub-item 5), as well as proposed updates to that material.  Because much of the material was new, the meeting was invited to review it and provide comments via correspondence to the Secretary in time for ICAO to provide an input to the next WP4A meeting (scheduled for July 2014)
7.5
Inputs regarding other items

7.5.1
IP01 provided a copy of a liaison statement from ITU-R WP5B to ITU-R WP1B regarding a report being developed by WP1B on “Spectrum Management Principles and Spectrum Engineering Techniques for the use of “White Spaces” by Radio Systems Employing Cognitive Capabilities”.  While “white space” is not specifically defined in the WP1B document, it is taken to mean spectrum between channels currently being used in a specific geographic area.  The cognitive device would look for that unused spectrum in that area, then use it for its own purposes.  WP5B expressed its view that it is “unfeasible for systems using the cognitive radio systems/white spaces concept to operate in the same frequency bands as safety of life radiocommunications and radionavigation services under the remit of WP5B”.  After discussion the meeting agreed that an ICAO liaison to WP1B (see Appendix E) regarding identified  problems with sharing aviation spectrum was appropriate.  
7.5.2
Satellite reception of ADS-B

7.5.2.1
WP23 provided draft revision to preliminary draft new report ITU-R M.[ADS-OCEAN] currently under development in WP5B.  That document deals with expanding the operational benefits of ADS-B to oceanic and remote areas without ground infrastructure.  The purpose of the document was to revise material such that it could be provided by ICAO to the next meeting of WP5B (May 2014) taking into account that the 38th ICAO Assembly generally supported the issue of space-based reception of ADS-B.  The meeting formed a drafting group to further develop WP23, and the resultant text is contained in Appendix F.
8.
Agenda Item 8:  Development of potential updates to ICAO WRC-15 Position

8.1
WP12 discussed the benefits of satellite reception of ADS-B in enabling global surveillance.  Using an example centered on the North Atlantic, the paper indicated the improvements such a capability would present.  The paper concluded with a recommendation that the ICAO WRC-15 Position be updated to support satellite reception of ADS-B.  After discussion, the meeting agreed to develop the material as an input to the ICAO position on WRC-15 agenda item 10 – Future Conference agenda items.  That approach would support addressing the issue at a future WRC, but also allow the material to be present if an opportunity arose at WRC-15 to address the need.  Draft text for that update is contained in Appendix G.
9.
Agenda Item 9:  Interference from non-aeronautical sources

9.1
IP02 provided information on radio frequency interference (RFI) being experienced in Mongolia, and how that interference is addressed.  The paper noted that instances of interference are increasing as radio communications spread throughout Mongolia.  While there is good cooperation between the Civil Aviation Authority and the spectrum regulator, mitigation of that interference has proven challenging.  As a result, the two groups are working closely together to make amendments to the current regulatory framework for the usage of radio frequencies for non-aeronautical purposes in order to reduce frequency interference to aeronautical systems.  The paper triggered good discussion in the meeting regarding RFI mitigation experiences in different States, and was much appreciated.
10.
Agenda Item 10:  Any other business

10.1
IP04 provided update on follow-on work accomplished regarding the above 40 GHz system reported on in WG-F/29 IP01.  That system was intended to facilitate broadband wireless communications between air and ground, offering speeds up to 500Mbps.  Recognizing that such capability may be useful in for other applications in the airport environment, IP04 reported on channel propagation measurements for ground-to-ground links.  The results showed that maintaining communications links was challenging, however it was facilitated by antenna height optimization and by antenna diversity (i.e., multiple transmit/receive antennas).  It is expected that further research will be done in the future.  The meeting asked to be updated as more information becomes available, and suggested that other issues should be addressed such as: types of communications to be carried (safety vs non-safety given that the current allocation is MOBILE and cannot cause interference to space services); operating range; and whether the system would replace other on-board communications systems or be in-addition to those systems.
10.2
IP07 provided a status on the alignment of ICAO and ITU databases.  As reported previously, ICAO maintains database of frequency assignments in the HF, LF/MF and VHF bands, which are allocated to the aeronautical mobile (R) and aeronautical radionavigation services, while  ITU maintains the Master International Frequency Register (MIFR); a worldwide database containing assignments for all radiocommunication services including aeronautical ones.  Comparison of the two databases showed that only a small part of assignments in the ICAO’s database is recorded in the MIFR. It also showed that the ICAO database is more accurate and up-to-date than the MIFR. Therefore, the alignment of terrestrial aeronautical assignments recorded in the Master Register with the ICAO frequency database was found necessary.  First raised at WG-F/27, that meeting decided that the aeronautical frequencies in the MIFR will be updated by ITU administrations. The update would be made on the basis of the ICAO data, which would be made available to the ITU administrations.  Following presentation of IP07, a demonstration was provided of a prototype comparison tool which allows administrations to compare information contained in the MIFR with that contained in the ICAO data base, and generate any required ITU Notices.  The meeting agreed that the technical tool developed to compare the two data bases was useful, however there was still considerable concern regarding the institutional issues such as ensuring that the ICAO data base remains the “master” when performing aeronautical frequency coordination.  It was also highlighted that the decision to update the MIFR to reflect the ICAO data base would have to be made at the administration level, and was beyond the remit of WG-F.
10.3
IP08 informed the meeting regarding the progress of L-Band and C-Band air-ground channel model development based on data gathered through a propagation flight measurements campaign. The L-Band and C-Band frequencies being modelled are intended to support the line-of-sight Control and Non-Payload Communications (CNPC) for unmanned aircraft systems.  The essential elements of the first channel model based on the measured for the specific terrain case of over sea/salt water conditions were described in the paper.
10.4 
WP06 highlighted issues encountered in Australia when trying to obtain frequency licenses for Advanced Surface Movement Guidance and Control Systems (ASMGCS).  ASMGCS is a surveillance technology that provides radar-like services in the vicinity of an airport.  Due to the number of different transmitters comprising the ASMGCS, and the licensing regime in Australia (per transmitter based on the particular frequency band used, the geographical location, the amount of spectrum occupied, and the coverage area), it requires a very high fee to license in Australia.  These fees are on the order of 90 times the licensing fee for a typical secondary surveillance radar for example.  The purpose of the paper was to solicit information on how aeronautical licensing fees are determined in other States.  During discussion it was noted that the licensing regime, and required licensing fees, varied from State to State.
10.5
WP10 discussed spectrum and frequency management issues that will be raised by the introduction of commercial space flight.  Noting that a number of companies are exploring the idea of short commercial flights into space for paying customers, the paper noted a number of technical and regulatory aspects that must be addressed.  The paper concluded that while launch vehicles could probably use current terrestrial aeronautical systems, the space vehicle would likely have to operate in the space operation service which may necessitate new spectrum allocations.  This may require an agenda item for a future WRC.  
10.6
WP16 detailed the US Aeronautical Frequency Committee’s (AFC) response to a harm claim threshold whitepaper being considered by the US regulator.  The harm claim threshold concept defines a signal strength profile that a receiver must be capable of rejecting before a claim of interference can be made (i.e. an interference limit).  Intended to be more of a target than traditional standard, the setting of the threshold would allow manufacturers to make their own choices while not mandating specific receiver standards.  The AFC reviewed the whitepaper at its June 2013 meeting, and although the membership recognized that it was an early concept paper, several comments and recommendations were noted and publically filed.  Those comments in particular highlighted the unique aspects of aviation that must be considered.  The WG-F meeting agreed the effort should be closely monitored.
10.7
A verbal report was provided regarding integration of light UAS in the Netherlands.  Four classes have been defined (model, Light Class 1, Light Class 2 and RPAS), and the requirements differ depending on the class.  It was noted that future efforts may also address spectrum for UAS payload.  The meeting asked to be updated as studies progress.
10.8
WP24 provided information on the progress within the ITU and Europe on earth stations onboard mobile platforms (ESOMPs) and the regulatory response from one Civil Aviation Authority (CAA).  
10.9
WP25 informed the meeting of a proposal to carry out sharing studies in the UK to identify whether any unused spectrum “white space” could be identified in the frequency range 960-1300 MHz that could be considered for use by “programme making and special event” (PMSE) purposes on a co-ordinated basis.  PMSE equipment currently operates in the white spaces between TV transmissions in the frequency range 600-800 MHz, however that frequency band is already earmarked in Europe for future IMT use and hence PMSE will have to find an alternative frequency band in which to operate.  The UK radio regulator, Ofcom, has carried out a survey of the frequency use below 2.4 GHz (considered the upper bound of where PMSE can operate) to identify any contiguous 200 MHz frequency band that is not already allocated to the mobile service that might be a candidate for sharing by PMSE.  As a result two frequency bands have been identified 1.5 GHz satellite spectrum and the frequency band 960-1300 MHz.  To address these and future studies, the paper concludes that aviation needs to develop protection criteria for its radio systems, preferably recorded in an ITU Recommendation, that can be used when a proposal for sharing is received.  Such protection criteria should be developed in ICAO (see Section 3.2 above) in a manner that would allow easy conversion to an ITU-R Recommendation at a future date when aviation agrees they are sufficiently mature.  The meeting asked to be kept informed of the progress of the studies.
10.10
WP26 provided information on the Sentinel project in the UK to quantify interference to GPS.  The project measured interference in the frequency band used by GPS L1, and noted among other things a high correlation between measured interference and work days/work hours.  This indicated that there was frequent use of GPS jammers by workers trying to avoid being tracked by their companies.  The meeting noted that similar results had been seen in other States and that strict enforcement to remove jammers is needed.
10.11
WP27 provided an in-depth report on efforts in the United Kingdom (UK) to facilitate introduction of IMT systems in frequency bands below 2 690 MHz.  The UK found that in order to accommodate such IMT systems, the IMT out of band emissions needed to be improved, the radar systems operating above 2 700 MHz required an additional 60 dB of filtering, and the assigned radar channel could be no lower than 2 740 MHz (i.e., a 50 MHz guardband was required between the IMT channel and the radar channel).  The meeting noted with interest the results based on actual implementation which seemed to contradict assertions made in other fora that only a 10 MHz guardband was required.  Meeting participants who utilize the 2 700-2 900 MHz (or the similar 1 215-1 400 MHz) band for aeronautical radars were encouraged to make sure their National WRC process participants were aware of their concerns.  Participation and support in the Asia Pacific Telecommunity (APT) meetings was especially solicited to ensure concerns were registered.
11
Date of next meeting

11.1
The next meeting has been tentatively scheduled for 29 September-3 October, 2014 in Montreal, Canada. This meeting would be just a WG-F meeting without a preceding Spectrum Seminar.   
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APPENDIX D 
1. Civil Aviation Conditions
The ICAO position on agenda item 1.5 includes a set of conditions which would need to be met by any satellite system supporting UAS CNPC.  Demonstration of how those conditions could be met by FSS providers would support a positive outcome for agenda item 1.5. A description of those conditions is provided in the sections below along with a description as to how they would be met by the FSS.

2.1 ICAO Condition:  The technical and regulatory actions should be limited to the case of UAS using satellites, as studied, and not set a precedent that puts other aeronautical safety services at risk.

Several unique radio regulatory provisions are expected to be developed for the FSS bands where UAS CNPC application would be provided.  These would include a footnote allowing use of FSS by UAS aircraft earth stations, describing the characteristics of service necessary to ensure safe operation, and pointing to a Resolution which provides additional requirements.  The Resolution [need to see specific text] would include resolves covering, for example, the following:

· Identification of frequency bands in Nos. 5.DN and 5.UP that may be used by GSO FSS networks for CNPC, provided that they meet the technical requirements contained in an Annex to the Resolution ;

· Frequency bands to be used by unmanned aircraft ( UA) and unmanned aircraft control stations (UACS)  limited to UAS CNPC links;

· Transmissions in the UAS CNPC link as comprising UAS telecommand and telemetry data, sense and avoid data from the UA to the associated UACS, and relay of voice communication between the air traffic control (ATC) and the UACS; 

· Definition of an earth station on board a UAS. 

a. How could this successfully be accomplished? Changing the definition of aircraft earth station or a new definition of an earth station on board a UAS would need to be addressed. [There is the view that aviation should avoid the precedent of proposing to operate a safety service under a non-safety allocation with associated provisions in a Resolution.]
· Article 1.31 addresses the definition of the shipmovement service. Could this be adjusted to establish a new UAS CNPC service?

As these provisions would be limited to UAS CNPC and would only become applicable when such an application was provided, they would not serve as a precedent for other aeronautical applications. 

2.2 ICAO Condition:  All frequency bands which carry aeronautical safety communications need to be clearly identified in the Radio Regulations.

An ITU Resolution is being developed which will be referenced in footnotes to the FSS bands concerned. The footnotes should clearly identify the safety applications of UAS in the identified frequency bands.  The Resolution will contain the associated regulatory provisions for specific frequency bands to enable their use to support UAS CNPC applications.   It is understood that such use must be certified by aviation authorities in accordance with ICAO procedures as meeting ICAO SARPS for UAS CNPC operation. The ICAO SARPS will not address the radio regulatory safety concerns.
2.3 ICAO Condition:  That the assignments and use of the relevant frequency bands have to be consistent with 4.10 of the Radio Regulations which recognizes that safety services require special measures to ensure their  freedom from harmful interference .

No. 4.10 of the RR provides that special consideration must be given to frequencies being used for safety services. Further, No. 15.28 of the RR relates to harmful interference into such safety services.  

“Recognizing the transmissions on distress and safety frequencies and frequencies used for the safety and regularity of flight require absolute international protection and that the elimination of harmful interference to such transmissions is imperative, administrations undertake to act immediately when their attention is drawn to any such harmful interference.”

Further, a WRC Resolution for CNPC of UAS is being developed indicating that the freedom from harmful interference to UAS CNPC links is imperative to ensure safe operation and administrations shall act immediately when their attention is drawn to any such harmful interference. Specifically, it is envisioned that the regulatory provisions will address RR 4.10 as opposed to ICAO SARPs.
[The 4.10 link needs to be put in the RR, not in ICAO SARPS]
2.4 ICAO Condition:  Knowledge that any assignment operating in those frequency bands:

- is in conformity with the technical criteria of the Radio Regulations.

- Has been successfully co-ordinated including cases where co-ordination was not completed but the ITU examination of probability of harmful interference resulted in a favourable finding or any caveats placed on that assignment have been addressed and resolved such that the assignment is able to satisfy the requirements to provide BLOS communications for UAS;

- and has been recorded in the International Master Frequency Register.  

What are the technical conditions being met and were these conditions satisfied in the coordination process? This needs to be transparent in practice and is not clear from the text below.

In practice the coordination agreements between satellite operators would spell out any specifics as regards the use of frequencies on a particular satellite network, and would impact any satellite/UAS operator agreement.  FSS networks or channels which could not meet the necessary performance levels as a consequence of coordination would not be suitable for UAS CNPC communications and would not  be certified by requisite aviation authorities for such use.  The ITU is conservative in determining coordination requirements under Article 9. [The following statement may need further explanation as it does not completely describe the concern of satellites that are not fully coordinated] In practice, satellites that have not completed coordination may nonetheless be fully capable of providing safe services which are fully compliant with ICAO SARPs applicable in conjunction with providing UAS CNPC services.

When the coordination process is completed, the ITU-BR is notified by the administration proposing the new system pursuant to the provisions of Article 11 of the RR.  After examination by the ITU-BR of the notification information, the frequency assignment is recorded in the Master International Frequency Register (MIFR).  If a frequency assignment is recorded in the MIFR under RR 11.41, such an assignment is still required to protect frequency assignments of other networks with which coordination has been successfully completed and entitled to protection from other frequency assignments with which coordination has been successfully completed. 

  The FSS operator then has to make sure that the outstanding coordination issues are examined to determine if UAS CNPC operations can take place meeting stipulations in footnotes to the RR and provisions in ITU Resolutions related to CNPC of UAS and operate consistent with ICAO SARPS.  This would be done, for example, by determining whether the affected network with which coordination has not been achieved is actually in operation and if so what the operational parameters are (e.g. orbital location and filed power levels) to ensure that any resultant impact would be acceptable.  Provisions for operation would be incorporated into agreed specifications between FSS and UAS operators and subject to certification for UAS CNPC use by requisite aviation authorities.
2.5 ICAO Condition:  That harmful interference to systems is reported in a transparent manner and addressed in the appropriate time-scale.

Rapid resolution of harmful interference is in the general interest of each satellite operator.  Unless harmful interference is of the nature to be reported under Article 15 of the RR there is no day to day reporting mechanism for harmful interference.  WP 4A indicates there have been very few reports of harmful interference.  However, a regular update on the state of harmful interference could be included in reports to aviation authorities.  ICAO SARPS could impose reporting requirements beyond those in the RR.  Such ICAO requirements could be a condition of certification for UAS CNPC use by requisite aviation authorities and incorporated into agreements/contracts between FSS satellite and UAS operators.

2.6 ICAO Condition:  That realistic worst case conditions, including an appropriate safety margin, can be applied during compatibility studies.

It is understood that the ITU-R studies being conducted already take this condition into account.  WP-5B in a liaison statement to WP-4B (Document5B/Temp/232) has sought advice related to the assessment of performance  in relation to the sharing studies that WP-5B is undertaking between FSS and fixed service in connection with agenda item 1.5 of WRC-15.  WP-4B reply liaison statement providing guidance to WP-5B (4B/TEMP/60-E) is attached as an attachment to this working paper.    Once these ITU-R studies are complete ICAO will be in a more informed position.  Any additional safety margins that might be required could be added as specific line items in the yet to be developed SARPS for Beyond Line-of-Sight (BLOS) UAS CNPC.

2.7 ICAO Condition:  That any operational considerations for UAS will be handled in ICAO and not in the ITU.

It is expected that ITU and ICAO will carry out their mutual responsibilities in a cooperative manner, just as they have in areas involving the provision of AMS(R)S.  It is important that the respective roles of ICAO and the ITU be fully understood to ensure appropriate separation of regulatory needs to be addressed in the RR and operational issues to be addressed by ICAO processes.  In this context, ITU will develop the typical regulatory conditions for the intended operation of CNPC links, and then, if accepted by ICAO, ICAO will develop further technical and operational conditions to ensure safe operation through the development of SARPS. [ICAO sets all the technical requirements, perhaps on an airspace basis, and reflect in the SARPS. Systems then would have technical manuals showing how they meet those requirements using, where appropriate (e.g., approved propagation models) ITU material.]
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	Liaison statement to 
Working Party 1B (Copied to WORKING PARTY 4A, 4C, 5B, IMO and WMO FOR INFORMATION)

	WORKING DOCUMENT TOWARDS A PRELIMINARY DRAFT NEW
REPORT ITU-R SM.[DYNAMIC ACCESS]

	Spectrum management principles and spectrum engineering techniques for dynamic access to spectrum by radio systems employing cognitive capabilities


INTRODUCTION

ICAO has been informed of WP 1B’s work on the PDNR ITU-R SM.[DYNAMIC ACCESS] ‘Spectrum management principles and spectrum engineering techniques for dynamic access to spectrum by radio systems employing cognitive capabilities’
, and has also taken into account WP 5B’s views (Document 1B/106).  Given the current development of Dynamic Spectrum Access Devices (DSAD), ICAO has the following views:

SAFETY OF AERONAUTICAL SERVICES

The protection of aeronautical safety services is critical to the safe operation of aircraft.  Even minimal levels of interference can put at risk the safety of operational aircraft.  Therefore, ICAO has serious concerns about DSADs seeking to share with aeronautical safety services, and recommends that these devices be excluded from operating in the same frequency bands.

COMPATIBILITY WITH AERONAUTICAL RADIONAVIGATION AND RADIOCOMMUNICATION SYSTEMS

DSAD compatibility studies assume a transmitter and receiver are at the same location, ICAO notes that this is not generally true for different aeronautical systems.  For example several aeronautical navigations aids only transmit information for reception by passive receivers, the majority of which are based on aircraft and are therefore highly mobile at a range of altitudes and with very large radio line of sight.  Additionally, new bi-static radar technology is currently under development (see Document 5B/475, Annex 12), that geographically separate the transmitter and receiver.

As another example, some aeronautical datalink communication systems used for the control of aircraft operate on a Carrier Sense-Multiple Access (CSMA) mechanism.  These systems detect power in the received channel and will not transmit should it exceed a set level.  Even a small level of intermittent interference will make the receiver believe the channel is occupied and dramatically increase the system latency to pass messages to aircraft.  This will reduce the system performance beyond the required levels for the safe operation of air traffic control.

CONCLUSION

Given the views expressed above, ICAO is of the opinion that aeronautical safety services used for communications and radionavigation are not compatible with the proposed DSAD concept.  Such devices have the potential to cause significant disruption the both radiocommunication and radionavigation aeronautical systems, and this would be an unacceptable risk to aviation safety in ICAO’s view.

ICAO notes that the current draft of PDNR ITU-R SM.[DYNAMIC ACCESS] recommends to exclude frequency bands allocated to the radiodetermination service that are classed as safety of life.  Given the above information, ICAO would recommend that the PDNR specifically excludes all terrestrial and satellite radiocommunication and radionavigation frequency bands used for aeronautical safety services.
	Status:
XXXXXX


	

	Contact:
XXXXXX
	E-mail:  XXXXXX


	APPENDIX F
ICAO

Proposed Revision to 

	Working Document towards a Preliminary Draft New Report ITU-R M.[ADS-OCEAN] on EXPANDING the OPERATIONAL BENEFITS OFAutomatic Dependent Surveillance Broadcast TO OCEANIC AND REMOTE AREAS WITHOUT GROUND INFRASTRUCTURE

	


[Editor's note: Interference environment, relations of this application with incumbent systems/application need to be clarified. The structure of the report needs to be reviewed to avoid having similar structure to a CPM Text. Should such a report aim to be a candidate for agenda item at future WRCs, careful consideration of the report would therefore be required]
1
Introduction
[No change proposed to Section 1]
2
Types of surveillance

Beyond the traditional form of primary radar surveillance, there are the ground based interrogator and aircraft transponder systems which can provide the air traffic management system with aircraft ident, altitude, ground speed etc. These systems known as secondary surveillance radar are all internationally standardised by ICAO and transmit and receive in the 960 – 1 164  MHz band. All transponder equipped aircraft can be interrogated by terrestrial ground stations on 1 030 MHz which requests a reply from the aircraft on 1 090 MHz with standardised information that is used by air traffic management. More recently, ICAO’s vision of enhanced surveillance capabilities has resulted in development of an extended data message system in Mode S transponder, and further in Mode S Extended Squitter that provided an additional data message length capability. These systems operate in conjunction with ground based surveillance interrogators. The ground interrogators must be linked to an air traffic management facility for processing of the received aircraft data that is used to provide appropriate airspace management and separation of aircraft. 

A more recent surveillance technology has also been developed and standardised by ICAO that does not require interrogations from a ground based system. The airborne system is known as Automatic Dependent Surveillance Broadcast (ADS-B)

3
Terrestrial Automatic dependent surveillance-broadcast concept

Automatic dependent surveillance-broadcast (ADS-B) is the aircraft broadcast of its position (latitude and longitude), altitude, velocity, aircraft ID and other information obtained from on-board avionics systems. Every ADS-B position message includes an indication of the quality of the data which allows air traffic management to determine whether the data is of sufficient integrity to support the intended function. 

The aircraft position, velocity and associated data quality indicators are usually obtained from an on-board GNSS. Current inertial navigation sensors can also provide a portion of the required accuracy and integrity data. ADS-B position messages from an inertial system are therefore usually transmitted with a declaration of lesser accuracy or integrity. However, more recent aircraft installations use an integrated GNSS and inertial navigation system to provide position, velocity and data quality indicators for the ADS-B transmission. These systems have better performance than a system based solely on GNSS, since inertial and GNSS sensors have complementary characteristics that when combined together can mitigate any potential dilution of position accuracy of each system. Altitude is obtained from the pressure altitude encoder (also used as the data source for Mode C replies).
Since ADS-B messages are broadcast on 1 090 MHz, they can be received and processed by a standardized aeronautical receiver. As a result, ADS-B supports both ground-based and airborne surveillance applications. For ADS-B surveillance, ground stations are deployed to receive and process the ADS-B messages. In some countries, there has been deployment of ADS-B ground stations where typical radar station installations are not feasible or possible. The area of coverage required is dependent on the number of ground stations. As an example of the coverage which can be achieved, a remote area not covered by radar, the installation of approximately 5 ADS-B ground stations would provide coverage for over 850,000 square kilometers of aircraft surveillance. In airborne applications, aircraft equipped with ADS-B receivers can also process the messages from other aircraft to determine the location of surrounding traffic in support of applications such as the cockpit display and traffic information (CDTI).

Some of the capabilities of ADS-B are:
a)
the ground station is simpler than the stations of primary radar, secondary radar and multi-lateration. For a single ADS-B site, acquisition and installation costs are significantly lower. In many instances, the installation can be accommodated at navigation aid sites or sites with existing communications infrastructure;

b)
each position report is transmitted with an indication of the integrity associated with 
the data, allowing users to determine which applications the data can support; and

c)
ADS-B supports both ground-based and airborne surveillance applications.

A schematic diagram of ADS-B is shown in Figure below for terrestrial use:
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Similar to radar, a limitation of ADS-B is that aircraft transmissions cannot be received beyond line of sight from a terrestrial station for processing and use by air traffic management. The propagation constraints with a terrestrial system prohibit coverage to much of the oceanic airspace, and makes coverage impractical for transpolar and other remote or underdeveloped regions. Therefore it can be seen that many areas of the world cannot be practically covered using terrestrial ADS-B stations to receive aircraft transmissions and provide the data to air traffic management. There are vast regions of the world that can be reached only by using satellite communications. The concept of ADS-B via satellite has been considered and is the only communications mechanism that has the capability to provide complete global coverage to support ADS-B beyond the present terrestrial limitations.
4
Automatic dependent surveillance-broadcast concept via satellite

Currently  under development  are satellite based ADS-B receivers capable of operating from  low earth orbiting (LEO) polar orbiting satellites  that would provide the opportunity for true global coverage and overcome the aforementioned limitations of terrestrial ADS-B ground stations. The planned objective is to have ADS-B receivers installed as a hosted payload on each satellite in a LEO constellation. .  Such a  The altitude of the satellites would be  approximately 780 Km providing  lower latency than from geo-stationary satellites.

 Such a system would complement the land surveillance infrastructure and provide continuous global coverage of the Earth including the Polar regions. The ADS-B data, such as position, velocity and message integrity from aircraft would be received by  the satellite ADS-B receivers and   routed  via  cross-link architecture connecting the satellites  then to a terrestrial gateway station, before being transferred to terrestrial data networks for availability to air traffic control for processing.




The above figure is deleted.

[Chairman’s note:  need to remove the reference to agi from the above image]
 The system will receive aircraft positional information embedded in the ADS-B messages for all transoceanic and transpolar regions as well as from aircraft in other remote or underdeveloped regions where terrestrial ADS-B stations do not exist. The aircraft ADS-B data is expected to be transmitted in near real time to area air traffic control facilities. The satellite ADS-B system will be able to extend and augment the air navigation service provider (ANSP) terrestrial network ADS-B systems to oceans and remote regions on a global basis and in a seamless manner.

Space-based automatic dependent surveillance-broadcast architecture

A potential implementation of  satellite-based ADS-B capability  is described in Figure 1. ADS-B receivers located on each satellite would receive the signals broadcast from each aircraft within line of sight (the low-Earth orbit enables the satellites to reliably detect the ADS-B signals with no modification to the aircraft equipment).  The ADS-B data from all aircraft would be routed and down-linked to a Hosted Payload Operations Centre (HPOC) and aggregated.  The pre-processed data from the HPOC could be integrated into existing ADS-B ground infrastructure for further processing and analysis, and then forwarded on to the appropriate ATC/ATM centres and airlines.

The Figure 1 below provides a summary of how the satellite ADS-B system could integrate with a typical terrestrial ADS-B system.

Figure 1
Concept of operations
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Implementation of a polar orbiting LEO satellite-based ADS-B capability as shown in the above figure would provide total global communications coverage to all points on the earth.. 

5
Automatic dependent surveillance-broadcast concept summary

[No change to Section 5]
6
Operational environment and mitigation techniques
[No change to Section 6]
7
Receive Status 

The satellite component of ADS-B would operate on a receive only basis and thus would not impact incumbent services. Considering that the frequency 1 090 MHz is used  exclusively for the use of aeronautical systems, the frequency  is not available for use by non-aeronautical systems.  Accordingly, the aeronautical systems operating at this frequency  are standardised by ICAO, compatibility amongst these systems is assured. Further, since the aircraft ADS-B transmissions already exist, satellite reception of these signals does not  require any compatibility study.

[Delete all of current Section 8.  Replace with the following text.]
8
Operational efficiencies  from the expanded use of  of automatic dependent surveillance-broadcast in oceanic and remote regions
Using the North Atlantic as an example of the most dense oceanic airspace with an average of 1000 flights per day, procedural aircraft separation standards are used, whilst providing the necessary safety of air traffic, the structured NAT OTS (North Atlantic Tracks Organised Track Structure) is limited due to the lack of  radar or ADS-B surveillance availability to air traffic management, the end effect of fixed aircraft altitude and mach speed, results in inefficiencies for airlines and other users.
Although a number of fixed trans-Atlantic tracks exist, the bulk of air traffic operates on tracks, which vary from day to day dependent on meteorological conditions and planning. The variability of the wind patterns renders the fixed track system unnecessarily penalising in terms of flight time and consequent fuel usage. Nevertheless, the volume of traffic along the core routes is such that a complete absence of any designated tracks (i.e. a free flow system) would currently be unworkable given the need to maintain procedural separation standards in airspace largely without radar or ADS-B surveillance coverage.
Airlines are requesting more fuel-efficient flight profiles and routes that will reduce operating costs and show a return on operator investment in aircraft and avionics. It is envisioned that applying reduced separation is expected to enhance the provision of fuel-efficient profiles, altitudes and routes with minimal change to the overall NAT operations. 
Advancements in aircraft design, avionics and air traffic management flight data processing systems are currently driving analysis of whether the lateral separation standard in the current NAT airspace can be reduced to increase the number of tracks available and therefore increase capacity at optimum flight levels. Under future consideration, is the potential to reduce lateral separation for aircraft operating at the flight levels associated with the NAT airspace, which can be practically achieved by establishing tracks which are spaced by ½ degree of latitude. Satellite reception of ADS-B aircraft surveillance has the capability to fully support this initiative to achieve reduced separation minima, expand capacity, while the required levels of safety are maintained. 
From the perspective of traffic management flow, aircraft surveillance coverage in the NAT airspace would also contribute to efficiencies in domestic traffic flow at major airports due to improved traffic sequencing and merging. Moreover, the efficiency benefits to air traffic management in extending ADS-B coverage on a global basis bringing forth fuel savings, better cost predictability to the airlines, reduced GHG’s, shorter flight duration and optimum routing collectively contribute to a more sustainable global aviation system. The benefits described using the NAT as an example, are also anticipated to accrue in other oceanic regions including the Polar regions. 
9  Assessment of Operational Efficiencies
 Text to be developed:
10            Summary and Conclusions

11
Glossary of abbreviations

To be developed.
APPENDIX G
Draft Text regarding a future conference agenda item on Space-based ADS-B
ADS-B as a proven and standardised technology, supports both ground-based and airborne aircraft surveillance applications. In airborne applications, aircraft equipped with ADS-B receivers can also process the messages from other aircraft to determine the location of surrounding traffic. However in oceanic, Polar and remote regions the installation of ground based facilities is either not feasible or practical, therefore ADS-B data from aircraft operating in these areas is unavailable to air traffic management. Currently a very high percentage of the Earth’s surface is not covered by radar.

Presently at least one space-based ADS-B satellite system is under development that would provide global coverage and overcome the aforementioned limitations of terrestrial ADS-B ground stations. The planned objective is to have ADS-B receivers on these satellites. The satellite network would have the capability of receiving ADS-B position, velocity data and message integrity from aircraft in near real time, and the subsequent availability of the data to air traffic management for processing and display. 

Space-based ADS-B has the potential to improve aircraft surveillance coverage of airspace in oceanic, Polar and remote regions globally.  By comparison, the operational benefits of using space-based ADS-B in oceanic regions are foreseen vis-à-vis the current structured procedural separation standards using altitude, lateral distance and time separation of aircraft. 

Using the North Atlantic as an example of the most dense oceanic airspace with an average of 1000 flights per day, this region of airspace has to use procedural separation standards. Whilst providing the necessary safety of air traffic, the structured NAT OTS (North Atlantic Tracks Organised Track Structure) is limited due to the lack of surveillance data availability to air traffic management, creating inefficiencies.

Although a number of fixed trans-Atlantic tracks exist, the bulk of traffic operates on tracks, which vary from day to day dependent on meteorological conditions. The variability of the wind patterns renders the fixed track system unnecessarily penalising in terms of flight time and consequent fuel usage. Nevertheless, the volume of traffic along the core routes is such that a complete absence of any designated tracks (i.e. a free flow system) would currently be unworkable given the need to maintain procedural separation standards in airspace largely without radar surveillance.
Advancements in aircraft design, avionics and air traffic management flight data processing systems are currently driving analysis of whether the lateral separation standard in the current NAT airspace can be reduced to increase the number of tracks available and therefore increase capacity at optimum flight levels, accordingly space-based ADS-B aircraft surveillance has the capability to fully support such initiatives to achieve reduced separation minima, expand capacity, while continuing the required levels of safety.

Moreover, there are efficiency benefits from extending ADS-B aircraft surveillance via satellite on a global basis that will bring forth the realisation of significant fuel savings, better cost predictability for the airlines, shorter flight times, optimum routing and altitude, reduced greenhouse gas emissions, creating efficiencies that will collectively contribute to a more sustainable global aviation system. 

[Develop text regarding compatibility studies … no new work is required.

The ADS-B surveillance application operates on specific frequencies and has global interoperability. The frequency 1 090 MHz is used exclusively for the use of aeronautical systems, this frequency is not available for use by non-aeronautical systems.  Accordingly, since the aeronautical systems operating at this frequency are standardised by ICAO, compatibility amongst these systems is assured. Moreover, since the aircraft ADS-B transmissions already exist, satellite reception of these signals does not require any compatibility study.

As the ADS-B application is a terrestrial air-to air and air to ground system that operates under an allocation to the aeronautical mobile route service (AM(R)S ) consideration has been given to the satellite reception of the existing ADS-B signals that would not be included under the same allocation, it is foreseen that the aircraft to satellite reception would be required to have status under an aeronautical mobile satellite route service (AMS(R)S) Earth-space.]
� Originally developed as SM.[WHITE�SPACE] “Spectrum management principles and spectrum engineering techniques for dynamic access to spectrum by radio systems employing cognitive capabilities”.
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