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	1:
	Review of the progress on the future communication study


EUROCONTROL/FAA JOINT ACTIVITIES INVESTIGATING THE FUTURE AERONAUTICAL COMMUNICATIONS
(Presented by Brent Phillips, FAA and Jacky Pouzet, EUROCONTROL)
	SUMMARY

	This paper provides an update on the progress of the joint activities of FAA and EUROCONTROL to investigate the future aeronautical communications.
Action by the ACP is in paragraph ‎3.


1. INTRODUCTION

1.1 The future growth of the ATM system is conditional upon the provision of additional communication capability meeting more strict Quality of Service (QoS) requirements. The need for  adequate future communication capability was discussed at the ICAO Eleventh Air Navigation Conference (AN-Conf/11).

1.2 In its conclusions, AN-Conf/11 agreed that the aeronautical mobile communication infrastructure had to evolve in order to accommodate new functions and to provide the adequate capacity and quality of services required to support evolving air traffic management (ATM) requirements within the framework of the global ATM operational concept.

1.3 In order to achieve these objectives, AN-Conf/11 developed three relevant recommendations:
a) Recommendation — 7/3: Evolutionary approach for global interoperability of air‑ground communications;
b) Recommendation — 7/4: Investigation of future technology alternatives for a/g communications; and
c) Recommendation — 7/5: Standardization of aeronautical communication systems.
Recommendation 7/3 promotes the continuing use of already implemented systems (supporting voice as well as data), the optimisation of the available spectrum utilisation, and the consideration of transition aspects. Rec. 7/4 addresses the need for investigations to identify the technology candidates to support the future aeronautical communications. Finally Rec. 7/5 emphasises the need for standardisation activities for technically proven technologies which provide proven operational benefits.
1.4 At AN-Conf/11 there was a strong request particularly from the Airlines (IATA) for international co-operation in order to achieve the stated objectives and goals in a harmonised and globally interoperable manner, particularly for air/ground communications.

1.5 In line with the AN-Conf/11 directions, EUROCONTROL and FAA decided to establish a dedicated working arrangement (Action Plan 17 of the EUROCONTROL-FAA Memorandum of Cooperation) to progress this work in a consistent manner in Europe and US. In the Action Plan 17 activities, NASA Glenn Research Center was asked by the FAA to lead the US technology investigation.

2. joint faa/nasa and eurocontrol activities

2.1 The Action Plan 17 (AP17) is a joint activity between FAA/NASA and EUROCONTROL aiming to advance the investigations in relation to the Future Aeronautical Communications and the Future Aeronautical Communications Infrastructure (FCI). AP17 is a frame of activities which will result in providing the required communication capacity and capability to support Air Traffic Management (ATM) in the future (targeting around 2025). The AP17 partners agreed that these activities need to allow a realistic transition for service providers and airspace users, to support Air Traffic Services Communications and Airline Operational Control Communications for safety and regularity of flight (including Air-to Air Communications), and to address spectrum depletion in the high density regions (US and Europe).
2.2 The AP17 progress has been closely monitored at the highest management level of FAA and EUROCONTROL, with regular feedback and steering. In addition the progress of the work has also been regularly presented in the ACP/WGC meetings. The feedback and comments were instrumental in the continuation, focusing and steering the activities.
2.3 The AP17 progress has been closely monitored at the highest management level of FAA and EUROCONTROL, with regular feedback and steering. In addition the progress of the work has also been regularly presented in the ACP/WGC meetings. The feedback and comments were instrumental in the continuation, focusing and steering the activities.
2.4 In relation to the technical themes there are three key areas of activity focusing on the identification of the most suitable technology candidates for the future communication infrastructure:
d) identification of  the requirements and the operating concepts;
e) technology alternatives assessment; and
f) development of a future communications roadmap.
2.5 The work undertaken under AP17 has been supported by MITRE and ITT Corporation in the US and by QinetiQ in Europe.

2.6 The AP17 activities have been closely coordinated with the relevant stakeholders in the US and Europe. In the US the work is being closely coordinated with the multi-agency Joint Planning and Development Office (JPDO) Next Generation Air Transportation System (NextGen) initiative. In Europe the work is being closely coordinated with the EUROCONTROL/European Commission Single European Sky ATM Research (SESAR) Programme.
Communications operating concept and requirements (COCR)

2.6.1 The Communications Operating Concept and Requirements (COCR) document captures the requirements that future communications systems will need to meet for emerging Air Traffic Management (ATM) and Aeronautical Operational Control (AOC) concepts and strategies to support the technology assessment process. The COCR identifies two main phases; Phase 1 (from now to 2020) and Phase 2 (beyond 2020). Phase 1 is based on greater use of air/ground data communications, but remains largely human centric. Phase 2 is based on more extensive use of Phase 1 services and takes into account concepts emerging from the SESAR initiative in Europe and the NextGen initiative in the US. Key changes in Phase 2 include the use of 4D Trajectory Management, greater information exchange between the aircraft and the ground systems to support automated conflict resolution and the introduction of autonomous operations in some parts of the airspace.

2.6.2 From the operational concepts, information flows have been identified in representative test volumes of airspace i.e., ‘positions/sectors’ in airport, TMA, en-route, and oceanic. This includes all ATS and AOC air-to-ground and air-to-air voice and data communication including Automatic Dependent Surveillance - Broadcast (ADS-B). New types of aircraft such as micro-jets and Unmanned Aircraft Systems (UAS’s) have been included on the basis that they occupy the same airspace and have the same communication requirements as other types of aircraft. However, while ATS communications between UAS pilots and air traffic controllers has been included within the scope of the COCR, the command and control link for UAS’s has not. Also, security applications such as down linking of onboard aircraft video are also considered to be  outside the scope of the COCR.
2.6.3 From the operational concepts the communication requirements have been derived taking into account safety and security analyses.  It should be noted that the requirements are technology independent. Requirements parameters determined include:
g) throughput in the various airspace types, and
h) availability, continuity, integrity and latency.
2.6.4 Version 1.0 of the COCR was completed in March 2006 and was made widely available to various stakeholders. It was presented to ACP WG-C in September 2006 for acceptance as the basis for requirements determination. In addition, the COCR was specifically provided as input material to SESAR in Europe and NextGen in the U.S.

2.6.5 Since then, work has continued to refine the COCR including addressing feedback from stakeholders on Version 1.0. Other areas addressed in Version 2.0 included:
i) obtaining more input from programmes defining future concepts notably SESAR in Europe and NextGen in the United States;
j) ensuring satisfactory agreement among stakeholders with some of the more stringent services and the surrounding concept of their use;
k) capture and definition of missing services unable to be completed in Version 1.0;
l) further definition of the services to ensure a more complete understanding of their operational use;
m) categorisation of the services into groups based on similarity of operational requirements;
n) assessment of the safety and security requirements associated with each group, and
o) assessment of the associated performance requirements impact.
2.6.6 The COCR is a comprehensive document which used a top down requirements driven approach to determining future communications requirements. It is being used as the basis for the technology assessments as reported below. To facilitate the technology evaluations and to ensure that a common set of performance requirements are being applied fairly an Evaluation Scenarios document has also been developed using the COCR Version 2.0 information. This document provides a library of evaluation scenarios which can be utilised by each technology in the most appropriate manner.

2.6.7 The complete Version 2.0 of the COCR deliverable is submitted as a paper to the ACP/1 Panel meeting. In addition the Evaluation Scenarios is also submitted to this meeting.
Technology investigations

2.6.8 Another core activity in the AP17 work is the assessment of candidate technologies in terms of their suitability of supporting the future aeronautical requirements as captured in the COCR work.

2.6.9 An extensive technology identification and pre-screening was conducted. A list of over 50 technologies has been identified as potentially applicable. In order to reduce the large number of potential systems to a smaller number of promising technologies, there were two separate study activities (one in the US and one in Europe) conducted in parallel. The technologies were grouped into categories and representative examples from each were evaluated. Both studies used a commonly agreed initial set of assessment criteria and similar scoring methods. The FAA/NASA study was conducted by ITT Corporation and the EUROCONTROL study was conducted by QinetiQ.

2.6.10 These results were presented in ACP/WGC and there were discussions on the significance and potential impact of the assessment criteria as well as the scoring method. Therefore for the next phase of activities, it was decided to work in parallel in the US and Europe in continuing the investigations. FAA/NASA continued with the refinement of the criteria taking into account the comments and suggestions of WGC. EUROCONTROL with the input from interested European States (Germany, France, Spain, Sweden and UK) focused on a subset of the initial criteria addressing capacity and performance. The intention of both approaches was to develop a new shortlist of technologies for in-depth investigations.

2.6.11 Indeed, the two parallel activities (referred to as Phase II investigations in US and Step 1 Investigations in Europe) provided refined shortlists of promising technologies. These shortlists are very similar and this serves as a cross validation and verification of the results of the two approaches. The strong commonality between the shortlists reinforces the validity of the separate evaluations and provides additional confidence in the results. The two technology shortlists are shown in Figure 1. The detailed reports describing the outcome of the US and European activities are submitted as separate papers to the ACP/1 meeting.

[image: image2.emf]• [(x)DL4]

Continental

Oceanic

Airport

Continental

Oceanic

Airport

• P-34

• Broadband-VHF

• Wideband CDMA

• Enhanced TDMA

• L-band Datalink 

[(x)DL3]

• Custom Satellite

• INMARSAT 

Swift Broadband

• IEEE 802.16

• P-34

• Broadband-VHF

• Wideband CDMA

• Enhanced TDMA

• L-band Datalink 

[(x)DL3]

• Custom Satellite

• INMARSAT 

Swift Broadband

• IEEE 802.16

Common Recommendations

NASA – ITT 

Eurocontrol 

• [(x)DL4]

Continental

Oceanic

Airport

Continental

Oceanic

Airport

• P-34

• Broadband-VHF

• Wideband CDMA

• Enhanced TDMA

• L-band Datalink 

[(x)DL3]

• Custom Satellite

• INMARSAT 

Swift Broadband

• IEEE 802.16

• P-34

• Broadband-VHF

• Wideband CDMA

• Enhanced TDMA

• L-band Datalink 

[(x)DL3]

• Custom Satellite

• INMARSAT 

Swift Broadband

• IEEE 802.16

Common Recommendations

NASA – ITT 

Eurocontrol 


Figure 1: FAA/NASA and EUROCONTROL shortlists of candidate technologies - September 2006

2.6.12 The technologies identified in Figure 1 are currently being analysed in the final phase of the investigations (referred to as “Phase III investigations” in US and “Step 2 investigations” in Europe). For this phase of the investigations, the spectrum aspects of the considered technologies have been highlighted as critical for any further consideration. In the discussions in ITU for the preparation of WRC2007, the three existing aeronautical bands (upper VOR band, lower DME band and C band) are being considered for an AM(R)S co-primary allocation. However taking into account the potentially available spectrum, the current utilisation and the propagation properties, it is mainly the DME band that is actively considered for the potential operation of the future communications systems to support longer range communications (TMA, enroute). As this band is already heavily used by other aviation systems (DMEs, SSR), the coexistence of any new candidate technology needs particular attention and investigations.
FCS Roadmap

2.6.13 The Future Communications Study Roadmap is developing as a coordinated approach between Europe and the U.S. for the use of aeronautical spectrum; for the research and development of new technologies; and for the staged implementation of new aeronautical mobile communications services in these regions over the next 25 years.   It recognizes and incorporates the needs of both aviation users and air navigation service providers, ensures the judicious use and protection of spectrum allocated for aeronautical purposes, and focuses on the introduction of potential new technologies for specific operational domains, airspace and services.  The roadmap includes provisions for voice and data exchange for both Aeronautical Operational Control, and Air Traffic Control communications, including control, advisory, and surveillance information.  The roadmap advances the worldwide harmonization of communications services, recognizes the importance of avionics architecture, and also allows for the innovative use of commercial technologies to provide communications services.  Continued joint collaboration, including research, development, testing and evaluation between Eurocontrol and the FAA will allow the realization of the harmonized communications envisioned within.
Current status

2.6.14 On the US side, ITT Corporation is focusing efforts on detailed technology assessments and evaluations to determine the applicability of promising technology candidates for meeting future ATM communication requirements.  Detailed studies have included characterization of the L-band aeronautical channel; performance evaluation of promising technologies (including P-34, WCDMA, L-band Datalink, and 802.16e), and laboratory bench testing of interference affects of candidate technology waveforms on DMEs.  Some detailed analysis results have been presented in ACP/WGC meetings (aeronautical channel characterization, P34, L-band Datalink and 802.16e performance assessment); additional detailed study results are planned for the next ACP/WGC meeting.  Promising candidate technologies are being evaluated to determine their ability to provide both a technically capable and viable future radio system solution.  Issues that may require investigation to support the progression of a technology to an aeronautical standard are also being identified.  Technology recommendations that reflect the detailed technology studies and technology evaluations are planned for the next ACP/WGC meeting.  An overview of the process used for the NASA-ITT technology investigation and a description of the most significant interim findings and recommendations are provided in a companion paper to the ACP/1 meeting.

2.6.15 On the European side, QinetiQ has undertaken a complementary but independent set of activities to that undertaken in the US by ITT. During the Step 2 (final) assessment in-depth evaluation of the short-listed technologies is underway. The process is identifying how and where each technology could be applied, and how they would perform in a typical operational environment as identified in the Communications Operating Concept and Requirements (COCR) document. This entails a more detailed assessment of performance and characteristics using to the maximum extent involvement of those people involved in developing candidate technologies. In particular emphasis is being placed on two essential criteria 1) spectrum compatibility in the target band of operation and 2) openness of the standard. An overview of the Step 2 assessment methodology is contained in a separate paper to the ACP/1 meeting.

Next step — summary of activities

2.6.16 The final reports on these technology investigation activities together with the other work performed will provide the basis for recommendations out of the Action Plan 17 work to ACP/WGC on the next steps of the work in relation to the future aeronautical communications. Figure 2 visualises the US and European activities under AP17 supporting the development of recommendations for the Future Aeronautical Communications.
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Figure 2: FAA/NASA and EUROCONTROL FCI investigations

2.6.17 It is intended to present the overall results of joint FAA/NASA and EUROCONTROL activities under Action Plan 17 of the FAA EUROCONTROL Memorandum of Co-operation  in the September meeting of ACP/WGC.
3. ACTION BY THE ACP
3.1 The ACP is invited to note the progress of the joint FAA/NASA and EUROCONTROL investigations in relation to the investigations for the future technologies and intention to submit the final outcome of the study to the ACP/WGC meeting planned in September 2007.
— — — — — — — —
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	FAA/EUROCONTROL COOPERATIVE R&D

	ACTION PLAN 17: 
FUTURE COMMUNICATIONS STUDY

2007 Annual Research Work Plan

	AP-3-1-17-AWP




Research Tasks – Technical / Business Themes

The proposed action plan considers several Technical Themes to be progressed.  The plan also considers non-technical actions, which are felt essential to ensure a successful end for such a long-term process by creating “dynamics” and maintaining commitment.  These tasks are at the level of Communication / Business / Institutional are referred to as “Business Themes” in the remainder of this document.

Technical Theme 1:
Improvements to Current Systems

Objective:

Improve the spectrum efficiency of the VHF analogue systems (25 and 8.33 kHz DSB-AM systems) currently used for voice services to push the spectrum congestion “wall” as far as possible.

Activity:


Task 1.1
Completed
Task 1.2
Based on the outcome of this activity, additional activities could be identified as required.

Task 1.2.1: Exchange of technical information of a new frequency demand model developed on both FAA and Eurocontrol side. 
Duration:
The estimated time to complete Task 1.2.1 is approximately 6 months with an approximate due date of March 2006.

Technical Theme 2:
Identify the Mobile Communication operating concept

Objective:

Identify the mobile communication-operating concept in both the US and Europe to support the ATM concepts

Activity:


Task 2.1
Initial Communication Operating Concept: Completed.

Task 2.2
Finalised Communication Operating Concept V1.0: Based on the outcome of the pre-screening technology investigation, and considering the possible achievable performances, cost, time-frame, revise accordingly the Initial communication operating concept and provide feedback to the relevant units in charge of ATM concepts of the 2 Agencies and to the ICAO/ATMCP.  A set of performance requirements will be derived from the concept of use and will represent evaluation criteria to support the Technology Investigation task.

Duration:
FCOCR V1.0 has been widely distributed. Comments have been  received and incorporated. Further developments have been performed and the version 2 (COCR.V2) is now expected by March 2007. The COCR has been provided as input to the SESAR WP2.5. 

Technical Theme 3:
Investigate new technologies for mobile communication

Objective:
Progress investigation of potential communication technologies operating inside the VHF band and outside the VHF band to support the long-term mobile communication operating concept considering terrestrial and satellite based infrastructure.

Activity:


Task 3.1
(completed) Technology Pre-Screening: A pre-screening of the potential technologies, which are under development in the industry, will be performed. This survey should provide the high level capabilities, projected maturity for the time frame for usage in aviation, and their potential applicability to aviation.

Task 3.2
(completed) Technology Investigation: In relation with the operating concept identification and the performance requirements, identify among the technologies “pre-screened” which of them would meet the requirements.  The results of this work will be documented in a “Communications System Alternatives Study and Selection of Proposals for Future Action” document.

Task 3.3:
Technology Simulation: Simulate the critical parts of the technology to verify their compliance with the requirements to support the ATM

Duration:
The estimated time to complete Task 3.1 is approximately 12 months with an approximate due date of March 2006.  Estimated time to complete Task 3.2 is 12 months with an approximate due date of September 2006.  Estimated time to complete Task 3.3 is 12 months with an approximate due date of Sept 2007.

Technical Theme 4:
Identify the communication roadmap

Objective:

Create a roadmap describing the communication infrastructure evolution.

Activity:


Task 4.1
Communication Roadmap: In support of the stepped communication operating concept resulting from previous activity, create a roadmap for the evolution of the (mobile and fixed) communication infrastructure (specifically focussing on the introduction on the potential new technologies) and identifying the applicable airspace/phases of flight, services supported.

Duration:
The estimated time to complete Task 4.1 is approximately 7 months with an approximate due date of June 2007

Technical Theme 5:
Investigate feasibility of airborne communication flexible architecture

Objective:

To ease migration towards new systems, this task will investigate the feasibility of a flexible airborne architecture.

Activity:


Task 5.1
Flexible Airborne Architecture: Based on the on-going development in the telecommunication industry and in some Agencies (e.g. US Department of Defense - DoD), investigate the feasibility of a flexible airborne architecture including multi-mode/software-defined radio and “agile” antenna/management of the aerial.  This activity is proposed to focus on the airborne side since this part is felt to be the critical factor (feasibility, cost, timeframe).  Beyond the feasibility (for which some achievements have already been demonstrated), aspects such as cost, certification, and capability of fleet evolution will be particularly considered.

Duration:
The estimated time to complete Task 5.1 is 12 months with an approximate due date of October 2006. (Completed)

Technical Theme 6:
Identify the Spectrum bands for new system

Objective:

Identify the spectrum band where additional systems would operate and provide argument in the framework of the ITU process through the ACP WG-F.

Duration:

This task is considered to be a background task to feed the ITU process, which has its own timeframe.  

Business Theme 1:
Create Multi National Framework

Objective:

Investigating the evolution of the communication infrastructure is foreseen to be a long-term task requiring up to its completion budgets which are outside the limit of both Agencies (as well they are not relevant to be supported only by these Agencies).  A multi national and multi organisation framework has to be created for funding and for committing to the progress of such work. Other organisations such as NASA, ESA, and European Commission support will need to be sought.

ICAO has also an essential role to play (and especially the ACP and relevant working groups (WG-M, WG-C and WG-F).  ICAO is the only organisation, which could ensure a global approach, and all this work has to be done in full co-ordination.  Especially, ACP WG-C has recently produced a work programme to carry out future system investigation (specifically focussing on the ITU objective).  The common work will feed the WG-C process and the two processes will need to be aligned.

Business Theme 2:
Create Industry interest

Objective:

Generate industry (aviation and telecommunication) interest is also felt essential for a successful achievement of the objective.  A large part of the up-front investment and the global implementation and operating cost will be supported by the industry.  Therefore, a particular effort is necessary right at the beginning to provide clear indication of the intention and identified way forward even if it is not felt possible to demonstrate a business case (at least at the first stages).  A huge effort of communication is felt necessary.

Business Theme 3:
Business Model

Objective:

In parallel with the infrastructure identification, the different parties which should be involved in the development, implementation and service provision action need to be identified with a specific focus on identifying the potential sources of funding and as well as the mechanism to get revenue (in the operation phases) and to get the feeling that the solutions identified during the technical activities can be realised at the business level.

Projects and studies:

This proposed action plan intends to establish the co-ordination framework between the FAA and Eurocontrol to progress the identification of a future global communications system to support ATM operations.  Furthermore, this study will include, within the US and Europe, coordinated requirements and constraints, new technology review and assessment, and initiate ICAO standards as appropriate.

Proposals for international standards:

Develop a joint approach to elaborate proposals for international standards through contribution to and participation in the ICAO Aeronautical Communications Panel (ACP).

— END —
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