First meeting of ICAO ACP Working Group T (Technology)
Montreal, Canada 02-05 October 2007
FINAL REPORT
1. Introduction

1.1 The first meeting of the ACP WG T was held from the 2-5 October 2007 at ICAO headquarters in Montreal.  The participants (see Attachment A) in attendance introduced themselves and agreed on the Agenda (see Attachment B). The list of working papers is contained in Attachment C. The WG-T meeting is continuing the work of the former WG-C under the new structure in ICAO.
2. Review of task list

2.1 No comments were received.

	Action WGC11_1
	Nikos to co-ordinate the status reports of Step 2 and phase III for presentation to the ACP.
	Closed.

	Action WGC11_2
	FAA and Eurocontrol to provide step 1/phase I&II final reports to ICAO where they will be stored on the ACP website.
	Closed.


3. Update on ICAO, ITU and industry activities (e.g. SESAR)

3.1 ICAO ACP updates
The Secretary of the ACP made a few opening comments highlighting some recent changes in the ACP working arrangements, including the departure of Torsten Jacob who is now replaced by Loftur Jonasson.  Loftur has the task to oversee the timely completion of the Working Group T tasks. The Working Group participants joined the Secretariat in thanking Torsten for the years of excellent service he provided to the ACP and wished him well in his future endeavours. 

The Secretary of the Panel made reference to the challenging environment ICAO now finds itself in. One of the immediate repercussions is a reduction in staffing which may affect the CNS section. In the coming months, Loftur may also take on responsibility of the ACP. 

The first meeting of the ACP earlier this year reviewed the interim results of the AP17 which forms part of the activities of WG-C. At the time, the key items presented were the COCR and the technical evaluation common evaluation scenarios as well as a status report on the technology investigations from the various proponents. This material has been subsequently presented to the ANC for information and ICAO is now in the process of soliciting feedback from ATM organisations and bodies such as the ADG. 

The goal of this WG-T meeting is to come to an agreement on recommendations for future work to be undertaken to specify the future communication infrastructure (FCI). The Secretariat expects that this aim should be achieved by the end of the year. Reference was made to the evolution in ICAO practice with respect to the standardisation of equipment, where detailed technical material developed by international bodies such as RTCA and EUROCAE can be recognised and referenced in ICAO material as appropriate.
A WG-W session is scheduled for March ‘08 to review the output from the WG-T work programme, and provide the opportunity to other States which were not involved in the process to provide comments.
3.2 ICAO update on ITU activities and progress on IPS work

ICAO considered the securing of spectrum for new technologies as a key activity. Currently the focus is on three areas: extension of digital and analogue voice services in the VHF band below 118 MHz, introduction of data services in the L-Band and introduction of allocations supporting airport services in the C-band. There are ongoing activities to defend the aeronautical band from external competition and for this there is a need for wide support for ICAO’s position on spectrum. It is largely expected that this will be successful and once allocations are made and system characteristics are developed, the next step is to develop compatibility criteria to secure safe operation. It was brought to the Working Group’s attention that European spectrum regulators are developing a position that any new aeronautical allocation resulting from such proposals may be reviewed at the next WRC. This makes it all the more important to have consolidated evidence on spectrum compatibility for the new technologies considered. 
The Secretary reported that work in the area of IPS for aviation is progressing in WG-I. The work is expected to be completed by the end of next year. 
3.3 SESAR (WP14)
Nikos Fistas provided an overview of the overall SESAR goals and work structure. The key principle is to synchronise the activities of the various European stakeholders. The process is complementing the SES legislative process. The plan of activities in the definition phase consists of six milestones leading to the specification of the European ATM master plan. The target timeline considered in SESAR for the future communication system is 2020 and beyond, and there is recognition that in this timeframe a paradigm shift to performance based approach and trajectory based operations is the way forward. At the core of this concept is the 4D trajectory management and sharing of large quantities of data, the integration of airports, and the management of the ATM network. Air-ground data links with the necessary performance characteristics will be the enablers for these exchanges.  In the development of such data links the key aspects are global interoperability, containing costs, and spectrum compatibility. Beyond the definition phase, the development work will be headed by the SESAR Joint Undertaking (JU) which will be a Public-Private Partnership that includes EUROCONTROL and the European Commission as well as industry and other States. The JU regulation has been adopted and is in the process of staffing with the intent of being fully operational by summer 2008. It was pointed out that there is an opportunity for standardisation activities to be managed and funded by the JU, with the intention to be submitted to ICAO for global approval.

3.4 European 8.33 kHz deployment status 
Nikos Fistas from EUROCONTROL updated the meeting on the 8.33 related activities that have taken place since the last meeting of the group (WGC/11 in September 2006). In summary EANPG agreed on the target to implement 8.33 KHz spacing below FL195 and has asked EUROCONTROL to develop an implementation plan targeting the 2013 date for full implementation. On the 15th March this year the carriage of 8.33 KHz radio equipment above FL195 in ICAO EUR Region became mandatory.

For the above FL195 activities, the ground radio conversions are progressing and the majority are expected to be completed by July 2008. In addition the European Commission Single Sky Committee has agreed with the Air Ground Voice Channel Spacing Implementing Rule (AGVCS-IR) and its publication in the EC Journal is expected by November 2007. The rule contains regulation requiring ground radio conversions and addresses the equipage/handling of State aircraft.

For the below FL195 activities, following the EANPG/48 meeting, EUROCONTROL is revising the business case and is developing an implementation plan for 8.33 kHz below FL195. Consultation with the EUROCONTROL Stakeholder groups is planned for the 1st quarter 2008. The proposed implementation dates taking into account the stakeholder input will be in the implementation plan. EANPG/48 also suggested that EUROCONTROL is tasked by the EC to prepare an amendment of the AGVCS-IR to cover the below FL195 case. 

Finally, it was reported that following the amendment of the Annex 10 material to introduce of 8.33 kHz climax  operations (based on 2 legs and +/- 2.5 kHz carrier offset), EUROCONTROL is now undertaking activities (a key one is to finalise the update of the EUROCAE/RTCA relevant document) to prepare for the implementation of such assignments. A leaflet (WP19) has been developed describing the activities and it has be submitted as information paper in this meeting.
3.5 STAR (WP4)
Bernard Meuriche briefed the meeting on the progress of the STAR (Secure aTm cdmA software defined Radio) project. This is a two-year EC 6th Framework project with the objective of implementing and testing a software defined radio covering legacy analogue VHF functionality and WCDMA (3GPP standard) on the same platform.  WCDMA is based on FDD connected mode enabling both voice and data transfers. Lab and flight trials will be carried out with equipment operating in the L-band, including the development of a trial network for the setup and demonstration of an air-ground link. These validation and trials activities will be completed by the end of 2008. On completion of the programme it may be possible to carry out further compatibility testing to and from DME.  The COCR is being used as input to the performance investigations. Further preparatory work in the areas of standardisation and regulation will be addressed in the lifetime of the project. The project is also addressing security issues.
3.6 Iris programme (WP18)
Franco Ongaro briefed the meeting on the newly started ESA programme. The goal of the programme is to support development and deployment of satellite based safety-of-life A/G communications suitable for high-density continental areas such as ECAC as well as oceanic and remote areas. The design goal is to minimise the cost impact on aircraft avionics and on operations. ESA has worked on the subject for many years (starting in 1994 with SDLS), the new programme called Iris aims to propose and develop a new satellite link in the frame of the SESAR programme. Therefore, the Iris schedule is geared to the SESAR programme, starting with a definition phase (11 M€) which will run until mid-2009 and will define the new satellite communication standard and the satellite system, while a development phase including the initial infrastructure development and deployment will run from 2009 until 2014 and is expected to be decided in November 2008 by the ESA Ministerial conference. ESA is fully aware of the need to make the new satcom standard fully interoperable worldwide and is confident this is achievable thanks to the foreseen upgrade of currently existing systems in the 2014/2020 timeframe. ESA will work with EUROCONTROL and ICAO to make sure that the new standard will be internationally supported. ESA thanked the ACP WG T for the opportunity to present the programme. 
3.7 Simulation of self-synchronized ADS using UDP/IP network (WP5)
Yasuto Sumiya presented recent development activities in Japan in the application of satellite technology to Automatic Dependent Surveillance (ADS) in the oceanic air traffic control for surveillance. ADS reports are transmitted through a data link to an air traffic control centre. Air traffic controllers can monitor the positions of aircraft flying over the ocean accurately in real-time using ADS. ADS reports that transfer through a data link meeting the present ICAO AMSS SARPs suffers a substantial delay, which may further increase due to the possible traffic congestion. The results of the simulation of ADS in an IP network were presented and the analysis shows that ADS using UDP/IP provides good performance.  It was found that self-synchronized ADS reporting using satellite provides a more efficient use of channels.
4. FCS Candidate Technology assessment  

4.1 AMACS (WP7 and WP8)
Luc Deneufchatel provided an overview of the AMACS system, which is a flexible multipurpose communication system designed around a cellular narrowband (100-400 kHz) point-to-point system and intended to operate primarily within the 960-975 MHz band. The key design drivers are robustness, flexibility and scalability. AMACS is a combination of E-TDMA and XDL4 concepts. The main design features consist in a robust physical layer based on GSM/UAT modulation types, a scalable channel bandwidth, and an efficient handling of QoS leading to deterministic delay characteristics. The system is designed to support air-ground addressed and air-air broadcast modes. The high level design of AMACS is now finalised, and there are ongoing activities in DSNA to address the airborne co-site compatibility (DME and Mode S) including laboratory test with General Aviation DME. Further activities to refine the design and assess more accurately the performance are necessary.
John Micallef presented the results of a campaign of simulations commissioned by NATS to provide information on the key performance elements of the system as currently specified. This information was provided as input into the European Step 2 technology investigations process. The results have shown that AMACS is expected to support the COCR phase 2 ATS and AOC services with channel bandwidths ranging from 100 kHz for ATS services to 400 kHz for the full set of ATS and AOC services, while staying within the COCR latency and throughput requirements. The campaign focussed primarily on the suitability and performance of the MAC design which is the new element of the system, however further work will be required to validate the physical layer performance in the considered band.
4.2 B-AMC (WP2 and WP3)
Michael Schnell and Christoph Rihacek briefed the meeting on the outcome of the EUROCONTROL sponsored B-AMC study. Work was carried out on specifying the characteristics of the B-AMC system re-using properties of the B-VHF system and adapting them for optimal operation in the L-band, for example physical layer adjustments. The MAC framing structure was also redesigned. The comprehensive technical work covered interference and system performance assessments with respect to the COCR requirements, as well as a concept for system deployment in the L-band. In particular the critical cosite case was investigated and mitigation techniques to minimise the impact are proposed. Three deployment options were considered and the most viable was considered to be deployment in between contiguous DME channels, with frequency planning. The B-AMC system is designed to support both data and voice communications. This information was provided as input into the European Step 2 technology investigations process.
4.3 P34 and LDL (WP11 and WP13)
Stephen Henriksen presented the outcome of an extensive campaign of investigations covering mainly P34 and LDL. The focus was on performance assessments of P34 and LDL, as well as an assessment of patent implications for P34 and a functional analysis of WCDMA. On the business theme, cost assessments were developed in order to provide the necessary information to build a high level business case for an L-band ground infrastructure. In addition, the evaluation of the availability of expected satellite technology for aviation safety communications was investigated. 
A detailed review of the operation of P34 was provided. The (TIA) standards are largely complete and validated. The P34 performance investigations were centred around an OPNET model of the subnetwork and lower layers of the protocol stack, with scenarios based on COCR services reflecting a NAS super-sector with 95 aircraft. The physical layer modelling was performed with a custom C Code application. Results showed that the system is capable of meeting the COCR latency requirements with margin. P34’s SAM physical layer was modelled to estimate the performance of P34 using the L-band channel model developed in earlier stages of the work. The model shows very close resemblance to the performance represented in the TIA standards diagram. The findings concluded that the pilot structure does not perform optimally in a Rayleigh faded channel. However further simulations indicate good performance is achievable in a Ricean channel typical of aeronautical environment. It was thus concluded that P34 is expected to give good performance in L-band. 

An investigation of the P34 patents was carried out. Eight patents were found to apply to the standards relevant to an aeronautical implementation. In these cases there were 3 options available: bypass the parts in question (i.e. those not really needed for aviation); provide a work-around the patent; or implement the patent. Changes to the P34 physical layer required for implementation in the L-band are likely to be sufficient to avoid patent issues. All of the identified patents expire well before the FCI timeframe.

The LDL physical layer was modelled and simulated on the basis of an aeronautical propagation environment. To validate the model, the characteristics given in the published data were applied in the simulations (e.g. modulation index).The results were then compared against published figures. 

A campaign of investigations on spectrum compatibility focussed on L-band. Interference modelling and testing was carried out to determine compatibility of W-CDMA, P34 and LDL against the legacy L-band systems. This included lab interference measurements and bench tests against DME receivers. With respect to interference on UAT, LDL was found to perform slightly better than P34 and WCDMA. With respect to interference on Mode S, (probability of false preamble detection), LDL performance was slightly better than that of P34. The feasibility for inserting gated TDMA type waveforms in between DME assignments was considered, however  further work will be needed to assess duty factors required to preclude interference, any need for coordinated frequency assignments, and indeed to assess the residual DME performance margin in the presence of the FCS.

John Micallef presented the results of a campaign of P34 simulations commissioned by NATS, which fed into the European investigations process and provided complimentary information along with the detailed ITT investigations on P34. A model of P34 was developed by the Helios team and several simulations were carried out based on the common evaluation scenarios and message loads defined in the COCR. The latency results in the case of successful message transmissions are in general found to compare favourably to the COCR requirements, and are consistent with the findings of the ITT investigations. The throughput was found to satisfy the service demand for the ATS scenarios with the 50 kHz channel configuration, while 150 kHz channels were found to be needed for the larger ATS and AOC scenarios.

4.4 NATS work on P34/AMACS comparison (WP9)
John Micallef presented a high-level comparison of the key design elements and the expected performance of the P34 and AMACS systems when operating in identical conditions. The characteristics compared were bandwidth, total bandwidth required for aviation application, efficiency use of channel use, message overhead, operational range, quality of service, message latency and data throughput/channel capacity. A synthesis of information available on the P34 TIA standards and the AMACS specification document was carried out in order to expose the qualities of the two systems when operating in an aeronautical environment. Data for comparison of throughput and latency performance was derived from two independent simulation campaigns using the same channel bandwidth for both systems. It was found that the systems perform similarly and require similar amounts of spectrum in moderately loaded scenarios.  

4.5 NATS work on P34 spectrum investigation (WP10 and WP16)
John Micallef presented a high level analysis of the spectrum compatibility issues arising with the introduction of a new aeronautical communications system in the L-band designated to ARNS functions. The theoretical analysis focused on the potential for interference between P34 and DME, SSR, and UAT. Link budget estimations were carried out whenever possible to provide an order of magnitude idea of the state of the link margin in the presence of inter-system interference. Overall the findings of this investigation are that P34’s physical design provides a favourable spectral footprint that assumes most of the advantages of OFDM in terms of robustness and efficiency. However, due to the nature of the demanding RF environment on board an aircraft, OOB emissions protection requirements are found to be insufficient to provide the necessary level of protection, and interference is found to be noise limited. Subsequent work focussed on the time-domain characteristics of the interference environment. Here, a statistical approach was used to provide an estimate of the potential for interference occurring between P34 and pulsed legacy systems already operating in the L-band. 
5. FCS Technology Recommendations

5.1 COCR (WP15)
Phil Platt gave an overview of the COCR development. He emphasised the development of the operational requirements and the resulting communication requirements. He recalled that the COCR is based on a set of potential operational scenarios envisaged in the medium and long term, and a 2020 time horizon in which period the concept of operations is anticipated to shift from human-centric based on voice to an automation-based environment based on data exchanges between airborne and ground systems. The communications requirements are based on safety and security analysis, and are independent of any technology. Due to the assumed reduced aircraft separation and reliance on data link services, the integrity and availability requirements are very high. The COCR was subject to extensive public consultation, with many comments and refinements incorporated into a second edition, which was made available more widely for use in similar investigation activities. The COCR was used to develop a library of common evaluation scenarios that were in turn used as a tool to assess technologies against requirements in an equitable way. The COCR was also made available to SESAR and U.S. NextGen and groups such as ICAO Panels and international organisations. 
5.2 ITT/QinetiQ FCS Technology Investigation, Conclusions and Recommendations (WP17)
Phil Platt and Stephen Henriksen briefed the meeting on the findings of the detailed technical work carried out by EUROCONTROL/QinetiQ on the European side and FAA/NASA/ITT on the US side and the resulting recommendations. The US work considered 11 criteria addressing the areas of performance, cost and risk. All criteria are traceable to the COCR and consensus ICAO documents. These criteria were refined further in a second step especially with regard to the updates in the revised COCR (version 2).  In Europe, the final technology assessments were carried out using sets of essential criteria (spectrum compatibility and openness of the standard) and desirable criteria, including performance criteria. The evaluation criteria were then applied to the candidate technologies through a ranking scheme consisting in four classes, each defining an acceptance mask. Although the working method and the criteria considered between the US and Europe was not identical, the outcome of the technology screening processes was very similar. Detailed studies on the selected technologies were undertaken by ITT/NASA as well as by various entities in Europe. In the US, the work included a development of the concept of use for the selected technologies.
The results of the US and European L-band technology investigations were presented for each of the considered L-band technologies: AMACS, B-AMC, LDL, P34 and W-CDMA. The European investigations concluded that B-AMC scored highest overall, while the US investigations found that TIA-902 (P34) performed best. As an outcome of the detailed technology investigations, due to the inconclusive results of spectrum capability studies none of the considered technologies could be fully recommended as the solution at this time. However, the assessment of these technologies led to a joint recommendation of suitable technology features that could be used as a basis for the development of an acceptable L-band data link solution. Considering these features and the most promising candidates, two options for the final single L-band Digital Aeronautical Communication System (L-DACS) were identified as follows: 

	
	Access scheme
	Modulation type
	Origins

	L-DACS 1
	FDD
	OFDM
	B-AMC, TIA 902 (P34)

	L-DACS 2
	TDD
	CPFSK/GMSK type
	LDL, AMACS


 Based on the information currently available WCDMA was not seen to provide a viable implementation option due to the very challenging conditions in the L-band.  However, it is noted that other activities external to AP17 have been progressing on investigating WDCMA working in real deployments. Work is ongoing and results are expected next year. Should these results be promising, there would be an opportunity to open the possibility for W-CDMA ahead of the final decision to be taken on the future L-band system in the 2009 period. 

With respect to dedicated aeronautical communication services on the airport, both the US and Europe converged on an IEEE 802.16e-based system operating in the aeronautical C-band allocations. 

Both the US and Europe consider that satellites are suited to provide service in the oceanic and remote regions, however in Europe the potential for satellite communications to provide a backup in dense continental airspace is also being considered. 

Considering the developments in ACP/WGI, it is assumed that the FCI will employ an ATN/IP infrastructure. When finalising the selection of the new components of the FCI, further testing and validation should be carried out within an end-to-end IP environment to ensure that the required Quality of Service (QoS) and performance can be achieved.
Overall, the ITT and QinetiQ studies found that no single technology meets all requirements across all operational flight domains, but that in order to meet the diverse range of communications, the FCI will be a system of systems comprising the minimum number of technologies in each band required to meet the operational requirements. No COTS technologies have been identified that can be adopted as new components of the FCI without modification. However, elements of emerging technology and standards should be reused to the maximum extent possible to reduce risk and shorten development time and cost.

6. Development of the Final Report of WG-T on FCS (WP6 &WP12)
Nikos Fistas provided an overview of the AP17 activity which is a highly cooperative framework of activities between the FAA, NASA, EUROCONTROL, France, Germany, Spain, Sweden, and the U.K. It comprised a number of technical tasks including improvement to current systems, development of concept and requirements, evaluation of candidate technologies, development of a communications roadmap, as well as airborne integration and spectrum aspects. The development of the outcome of AP17 took into consideration the recent developments in major activities in Europe and the US thus seeking alignment with SESAR and NextGen.  The results and recommendations of the technology investigations are organized by proposed operating frequency band. 

In the C-band an IEEE 802.16e-based system is the proposed solution for the provision of dedicated aeronautical communication services on the airport surface utilizing proposed aeronautical C-band allocations. This technology, designed for short-range, high data rate communications in C-band, is well matched to the airport surface environment in terms of capability and performance. Additionally, simulation of this technology in this aeronautical channel environment yielded very favourable results. The proposal for the C-band data link builds upon currently ongoing activities including testing of the standard 802.16. 
Due to the current spectrum congestion in the VHF band, the technology investigations focused in the L-band. However in the longer term, the potential use of the VHF band for new technologies may also be reconsidered.

In the L-band, significant effort was devoted to defining and modelling the channel and interference environment, including the development of an initial channel model. However, further work is required to refine and validate the channel model. Since the spectrum compatibility could not be proven conclusively, it was decided that final recommendations in the L-band could not be made at this stage. It is thus proposed to focus on two “paths” capitalising on the properties of the short listed systems considered in the detailed technology investigations. The idea is not to go into the longer term with two systems but to converge into one system. Further technical investigations are hence required for the L-band in the short term especially with regard to spectrum compatibility against systems already operating in this band. This work should be carried out as soon as possible with a view to reaching a decision by 2009 in order to be able to deploy a system by 2020. 
In the aeronautical mobile satellite (route) services (AMS(R)S) band, the unique capabilities of satellite communication systems to provide adequate coverage over large and/or remote geographic areas were recognised. Some existing services such as INMARSAT SBB have been identified as potentially suitable for meeting the service requirements for oceanic/remote airspace in specific geographic locations. It is important to note, however, that the targeted date for implementation (2020) is beyond the service horizon of current satellite systems for AMS(R)S. However, the potential of next generation satellite systems was recognized for oceanic and remote areas. In the European activities, the future satellite systems are also being investigated as a complement to the terrestrial infrastructure to jointly meet the future stringent requirements in the high density continental airspace.

Considering the findings of the detailed technical work carried out by several entities throughout the course of the AP17 activities, a number of recommendations are proposed in order to progress the definition and development of the future communication system.  A number of accompanying actions have been identified. The recommendations and actions were presented in detail to the meeting and it was proposed that they form the basis of the WG-T conclusions and recommendations to the ACP. The recommendations are detailed in section 7 of this report.
The recommendations highlight the fact that a lot of work has been already done, but also a recognition that considerable work remains yet to be undertaken. The WG-T secretary noted that within the ACP the Future Communication study is currently only allotted funding until the end of 2007. The Secretary registered ICAO’s disappointment that no definite conclusion on the proposed L-band technologies has yet been reached in the ACP. 
It was pointed out that ICAO is adopting a more performance-based approach as opposed to development of detailed technical standards and guidance material. The meeting requested information on how and when ICAO will produce the associated performance requirements. In this instance it should be considered how the standardisation work could be taken up by regional bodies like RTCA and EUROCAE and how ICAO could foster this work and bring it into the global perspective to “legalise” the standards produced by such bodies under ICAO international standards. 
With respect to the recommendations concerning the standardisation activities, the meeting reflected on the urgency of certain actions for the activities that necessarily have to be addressed in the short term. The FAA and EUROCONTROL reinforced their commitment to keep working in partnership and announced that there are ongoing discussions on setting up a new action plan to further the FCS activities from the second quarter of 2008. The ANC should be made aware of this commitment which indicates the confidence that the FAA and EUROCONTROL have on the benefits of the progress of this work.

WP 12 from Larry Johnsson, recommended that the aviation community should consider the availability of existing communication systems (Such as DSB-AM, VDL modes 2, 3 and 4, UAT, Mode S ES, existing SATCOM) in support of developing and implementing the new communication systems. This should avoid the development of redundant systems (i.e. systems with performance characteristics similar to those already available to aviation).
the meeting agreed that further discussion on this proposal should take place at the next ACP WG of the Whole meeting.  

7. Deliverables for the WGW meeting, including Recommendations to the Air Navigation Commission

7.1 Recommendations for new data link developments

The core recommendations derived from the outcome of the AP17 work are as follows:
· R1: Develop a new system based on the IEEE 802.16e standard operating in the C-band and supporting the airport surface environment

· R2: Complete investigations (with emphasis in proving the spectrum compatibility with other systems) to finalise the selection of a data link operating in L-band (L-DACS) and supporting the continental airspace environment, aiming at a final decision by 2009, to enable system availability for operational use by 2020.

· R3: Recognising that satellite communications remain the prime candidate to support oceanic and remote environments and that the considered future satellite systems may also be able to support continental environments possibly complementing terrestrial systems, monitor and support developments that will lead to globally available ATS satellite communications.

· R4: Recognising the importance of spectrum for the realisation of FCI, ensure the availability of the required spectrum in the appropriate bands.

· R5: Promote/support activities that will enable/facilitate the airborne integration of the selected technologies.

· R6: Incorporate in any new data link system, provisions for supporting high QoS requirements in an end to end perspective including the associated interface mechanisms between the various communications layers.
· R7: Continue the close cooperation between all interested stakeholders and in particular between the FAA and EUROCONTROL in the realisation of the above recommendations.

A number of detailed actions required in order to achieve the high level recommendations above are grouped according to the type of the required activity or the entity that will need to carry them out, as follows:  
General actions

• [A0.1 supporting recommendation R7] Continue close cooperation in carrying out the following actions and relevant activities;

• [A0.2 supporting recommendation R5] Support activities and engage with aircraft manufacturers, aircraft operators and industry standard groups to ensure that a flexible airborne architecture evolves to ease the cost and time of certification and readily accommodate new applications and technologies;

• [A0.3 supporting recommendation R5] Encourage industry investigations into flexible airborne architectures, software defined avionics, and multi-function, multimode antennas.
• [A0.4 supporting recommendation R1, R2 and R3] Complete business analysis in relation to the FCI components and implementation from the perspective of the ground infrastructure and the airlines.

• [A0.5 supporting recommendation R6] In order to finalise the selection of the new components of the FCI, carry out testing and validation within an end-to-end representative environment to ensure that the required QoS and performance can be achieved. 

Actions concerning C-band data link (Actions 1.X supporting recommendation R1)

• [A1.1] Identify the portions of the IEEE standard best suited for airport surface wireless communications, identify and develop any missing functionality and propose an aviation specific standard to appropriate standardisation bodies;

• [A1.2] Evaluate and validate the performance of the aviation specific standard to support wireless mobile communications networks operating in the relevant airport surface environments through trials and testbed development;

• [A1.3] Propose a channelisation methodology for allocation of safety and regularity of flight services in the band to accommodate a range of airport classes, configurations and operational requirements.

Actions concerning L-band data link (Actions 2.X supporting recommendation R2)

• [A2.1] Refine and agree on the interference environment, criteria and assumptions for the L-band compatibility investigations;

• [A2.2] Develop L-DACS prototypes for testing and trials to facilitate the technology investigations for the selection of the L-band data link;

• [A2.3] Complete the investigation of compatibility of candidate L-band data link with existing systems in the L-band particularly with regard to the onboard co-site interference and agree on the overall design characteristics;

• [A2.4] Complete evaluation of performance of candidate L- band data link against the appropriate requirements in the various environments;
• [A2.5] Considering the design trade-offs, propose the appropriate L-DACS solution for input to a global aeronautical standardisation activity;
• [A2.6] Evaluate and validate the performance of the finally proposed solution in the relevant environments through trials and test bed development.

Actions concerning satellite data link (Actions 3.X supporting recommendation R3)

• [A3.1] Continue monitoring the satellite system developments and assessment of specific technical solutions to be offered in the 2020+ timeframe as these next generation satellite systems become better defined;

• [A3.2] Recognising the possible expanded use of satellites by aviation, update existing AMS(R)S SARPs performance requirements to support future satellite development;
• [A3.3] In order to support the new AMS(R)S SARPs, consider the development of a new satellite communication standard for satellite systems supporting safety related communications.

Actions concerning spectrum (Actions 4.X supporting recommendation R4)

• [A4.1] Continue to provide rationale to spectrum regulators on the need for sufficient AM(R)S/AMS(R)S spectrum to facilitate advances in aeronautical communication

capabilities;

• [A4.2] Provide support for compatibility studies between the FCI and other incumbent systems in any newly-allocated AM(R)S bands. This will include studies within ICAO regarding FCI compatibility with other aeronautical systems, and studies within the ITU regarding FCI compatibility with non-aeronautical systems;

• [A4.3] Continue to support the need for priority to AMS(R)S in the satellite bands covered by ITU-R footnotes 5.357A and 5.362A.

• [A4.4] In the longer term, reconsider the potential use of the VHF-band for new

technologies when sufficient spectrum becomes available to support all or part of the

requirements.

Actions concerning Industry (Actions A5.X supporting recommendation R5)

• [A5.1] Investigate the feasibility of a flexible airborne architecture and enablers such

as software defined avionics, and multi-function, multi-mode antennas; and

• [A5.2] Support activities to ensure that a flexible airborne architecture evolves to ease the cost and time.
Actions concerning standardisation and certification groups (including ICAO, RTCA, EUROCAE) (Actions B1.X supporting recommendations R1, R2, R3 and R5)

• [B1.1] Initiate development of appropriate aviation specifications covering the 802.16e based system operating in the C-band;

• [B1.2] Await the outcome of actions 3.X to initiate development of appropriate aviation specifications covering the selected L-band data link;

• [B1.3] Update existing AMS(R)S SARPs performance requirements to meet future requirements;

• [B1.4] Consider the development of a new satellite communication standard for satellite systems supporting safety related communications;
• [B1.5] Consider the optimisation of certification procedures and/or development of an integrated software development environment in order to decrease certification cost for future components (particularly SDR).
8. AOB
There will be an opportunity at the WG-W (tentatively scheduled for the 5th -12th March) to further refine the way forward and agree on how the actions will be addressed. The Chairman thanked all the working group members for the quality and extensive work done, and particularly to Nikos Fistas for his help in developing the recommendations and actions.
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