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	1:
	Review of the progress on the future communication study


REPORT OF WORKING GROUP C
(Presented by the Rapporteur of Working Group C)
	SUMMARY

	The ACP Working Group of the Whole, at its first meeting, reviewed the activities of all panel working groups and tasked Working Group C (WG-C) with a general investigation of future technical concepts and architectures for aeronautical safety communications. This working paper provides an overview on the WG-C activities and invites comments on the work.

Action by the ACP is in paragraph ‎9.


1. INTRODUCTION

1.1 The ACP Working Group of the Whole, at its first meeting (WGW-01), which was held from 21 to 29 June 2005 in Montreal, Canada, reviewed, inter alia, the future work programme of the panel. Following guidance from the Air Navigation Commission and on the basis of input from panel members, and in particular the rapporteurs from the different working groups in ACP, a proposal for the ACP work programme had been formulated. In its consideration of Agenda Item 7, WGW-01 reviewed the activities of the working groups and agreed to task WG-C as contained in the appendix to this document.

1.2 After WGW-01, to further progress the work, WG-C held two meetings: WG-C/10 from 13 to 17 March 2006 in Montreal, Canada; and WG-C/11 from 18 to 22 September 2006 in Brussels, Belgium.
1.3 This contribution provides an update on the present status of the work of WG‑C in relation to its task on future communication study. On the investigation of future technical concepts and architectures, WG‑C organized its work in three main streams, namely:
a) the technology assessment;
b) the operational communication requirements; and
c) the institutional elements.
2. Updates on the VHF radio spectrum congestion
2.1 The European Organisation for the Safety of Air Navigation (EUROCONTROL) provided an update on the very high frequency (VHF) radio spectrum congestion in Europe. The material was developed under the EUROCONTROL 8.33 kHz programme. This programme is currently managing two main work items: a) the implementation of 8.33 kHz channel spacing above FL 195 with an effective date of 15 March 2007 and b) the development of a business case and a safety assessment, in liaison with all its stakeholders, in order to support the decision-making process on the introduction of 8.33 kHz channel spacing below FL 195 in the European airspace.

2.2 The “below FL 195” work addresses a number of activities such as:

d) the development of a new frequency demand model to estimate the required VHF assignments in the period up to 2020. The new model translates the estimated air traffic growth, based on STATFOR statistics, into frequency assignments demand. This demand can then be compared with the frequency availability. It is important to note that the results of this new model are very similar to the results of the previous demand model based on extrapolation;

e) the development of different 25 to 8.33 kHz conversion scenarios, ranging from a limited number of area control centre (ACC) sectors to the so-called “massive” conversion of a wide range of air traffic services (ATS) and some non‑ATS services. Simulations have been performed in order to compare the frequency planning benefits from each scenario to the estimated demand from the model. Variants of the “massive” scenario were also assessed to encompass off‑set carrier operation (climax) and different categories of ATS and non-ATS services;

f) the impact on aircraft (retrofit) and ground infrastructure was studied. Additional work is ongoing for the “massive” scenario;

g) individual safety assessments were performed for each scenario with the results documented in safety assessment reports. To date the ACC scenario has been completed and the terminal control area (TMA) and “massive” scenarios are in the planning phase; and

h) development of a business case.

2.3 The initial results indicated that:
i) all 25 kHz to 8.33 kHz conversion scenarios will provide a short‑term relief in terms of the spectrum congestion;
j) only the “massive” conversion scenario can effectively address frequency congestion up to the year 2020 in all parts of the European airspace. The ACC and ACC plus TMA below FL 195 scenarios provide benefits for a limited period, that is assignment requests can be satisfied for a period of two to three years from the chosen implementation date;

k) frequency congestion remains until any of the above-mentioned scenarios is implemented. It was noted that any delay reduces the expected benefits; and

l) the costs associated with the “massive” scenario are still being assessed and are likely to be significantly greater than the costs associated with the ACC plus TMA below FL 195 scenario.

2.4 WG-C was informed that the work to assess the frequency demand estimates and potential benefits that can be expected from the various scenarios is close to completion. The remaining work items are mainly related to the “massive” scenario, covering the safety assessment and the retrofit analysis.

2.5 The United States utilizes 535 channels from the 118 – 137 MHz frequency band for ATS air-ground communications, and are currently only available in 25 kHz allotments. In the United States, the Federal Aviation Administration (FAA) has allocated approximately 12 000 frequency assignments for communication use in the National Airspace System (NAS), which includes, but is not limited to, the continental United States, Alaska, Hawaii, and other sovereign territories.

2.6 Frequency congestion continues to remain a challenge in certain portions of the United States, especially, along the entire eastern seaboard, a corridor from New York, NY to Chicago, IL, and around certain major metropolitan areas, such as, Dallas/Ft. Worth, TX; San Francisco, CA; Seattle, WA; and the entire southern area of California (San Diego north to Los Angeles). Based on these congested areas, the process of assigning frequencies to satisfy new (or the modification of existing) ATS requirements has been very difficult. Although not entirely impossible to find frequencies, the FAA has initiated several improvement programmes, coupled with frequency retuning/optimization, which lead to some spectrum congestion relief for the near future.

2.7 Based on available information, the FAA believes that the present communications system will be able to support the efficient operation of the NAS until at least 2015, assuming that much of the estimated gain from the identified improvement programmes can be achieved and continued efforts are taken to conserve spectrum resources. The 2015 timeframe indicates aggressive growth parameters in the foreseeable future; however, studies have also indicated that, with less aggressive growth parameters coupled with more aggressive frequency conservation, the current 25 kHz communication system may be sustained until 2030.

3. Future communication study

3.1 WG-C was informed on activities undertaken by EUROCONTROL and the United States FAA to identify future communications technologies to meet safety and regularity of flight communications requirements, i.e. those supporting ATS and aeronautical operational control (AOC). In accordance with the work plan of the panel, the WG-C reviewed the operating concepts and requirements work. The purpose of the communication operating concept and requirements (COCR) document under the future communication study (FCS) is to develop a mutual understanding of the a) future communications concepts of operation; b) services necessary to achieve the operational concepts; and c) environment(s) in which the services will be delivered. WG-C also reviewed the methodology and progress of the “pre-screening phase” of the future communications study. This activity reviews potential technologies and assesses their high-level capabilities, projected maturity and their potential applicability to aviation.
4. Communication Operating Concept and Requirements

4.1 Communication Operating Concept and Requirements (COCR) document, Version 1.0 which was published in March 2006, was reviewed by WG-C. The COCR describes a future environment in which aircraft separation is based on wake vortex footprints. Depending on the aircraft mix and atmospheric conditions, aircraft could potentially be operating less than a mile apart. For this reason, the safety analysis that was conducted during the COCR development found when non-compliance with the planned trajectory occurred; it would likely require a system to actually de-conflict the aircraft without humans being in the loop.  Albeit a very forward looking concept, this philosophy drives the performance requirements for a future technology.

4.2 In terms of capacity, the results appear to indicate that requirements for future ATS air/ground data are relatively modest, especially when compared to the high capacities promised by future technologies. However, this problem has more than one dimension, as delivery of air traffic services requires simultaneous achievement of many, often challenging, requirements.

4.3 The safety-driven combination of capacity, integrity, reliability, latency and coverage requirements have typically dictated unique solutions for aviation.  Current system capabilities must be assessed to determine under what conditions the requirements could be met, or if enhancements would be necessary.
4.4 While the requirements for some of the pacing services appear to be beyond the capabilities of systems currently deployed, numerous advanced technologies, as well as options for further evolution of today’s most capable systems, should meet all but the most demanding needs.

4.5 To implement this vision affordably, careful examination of the services, especially those that drive requirements, will be necessary to balance costs and benefits. There are a number of considerations to take into account when attempting to interpret or employ the results. These include:

m) the communications loading analysis and capacity results represent the product of one set of assumptions, and while intended to be representative, should not be interpreted as the only method of determining the required throughput;
n) this analysis is sensitive to a number of assumptions, and slight changes to any of several assumptions would dramatically alter the results;
o) the analysis results are largely driven by the future radio system (FRS) allocations derived from service-based performance requirements. If subsequent safety analyses update the service level hazard-based requirements, the FRS allocations would require revision, and the loading results would change;
p) there may be implications of the operational concepts and services that could impact communications loading. For example, sector sizes are expected to grow as the operational focus shifts from tactical control to strategic planning. Sector size growth may necessitate more dynamic sector boundaries and/or longer range communications. All of these factors could impact on these capacity results; and
q) operating concepts and service definitions are not the only source of requirements for the FRS. Many other considerations will yield constraints on the FRS. For example, an institutional interest to allow air traffic management facilities to operate at greater distances from the air traffic may generate additional requirements on the FRS.

4.6 COCR Version 2, which was still under developed during the last meeting of WG-C, is expected to be presented to this meeting as a separate document.

4.7 The working group considered the COCR to be an excellent piece of work and accepted that it would form the basis of requirements for future technology development work.

5. Technology screening and EVALUATION

5.1 WG-C reviewed additional work that had been undertaken on the revised technology screening criteria for use in technology pre-screening and evaluation as presented at the ACP WGW-01 meeting (June 2005). Information was provided with regard to the historical context for the work, the process that was followed for deriving the evaluation criteria, the suggested technical and additional institutional criteria, and how these criteria would be used. Emphasis was placed on showing how the criteria were derived from the COCR document by a structured engineering analysis methodology, and how technologies would be evaluated. The technology evaluation process includes defining a concept of use, independent scoring across domain and criteria, and conducting a sensitivity analysis.

5.2 WG-C accepted the refined high-level technical and institutional evaluation criteria as presented to the group and the work under way in the United States under the MoU (AP17) utilizing them in the selection process. It was agreed that these criteria are both appropriate and necessary for assessing the suitability of candidate technologies for meeting the requirements of the future radio system. However, it was also agreed that the metrics to be used in assessing technologies with these criteria are not necessarily known at this time. Further, some of the criteria are extremely difficult to apply until the concept of use is rigorously defined and matured. Because the amount of work required to develop these concepts of use is considerable, an appropriate strategy might be to reduce the numbers of candidate technologies using the technical evaluation criteria, before attempting to evaluate the institutional elements.

5.3 The technologies depicted in Figure 1 are currently being analysed in the final phases of the investigations (referred to as “Phase III investigations” in the United States and “Step 2 investigations” in Europe).
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Figure 1: Candidate technologies shortlists
6. Institutional aspects
6.1 Detailed technical specifications developed with a view to inclusion in Standards and Recommended Practices (SARPs) for complex systems could be very large, in some cases exceeding a thousand pages. This had been recognized in the mid-1990s as a major burden on ICAO and States and attempts had been made to give guidance with the goal of including only high level regulatory material in the main body of an Annex. The problem was not just one of the number of pages, but included the burden of filing differences against an increasing number of SARPs, the issue of duplication of efforts with respect to other technical standardization organizations, and the difficulty of the timely amendment of large documents.

6.2 WG-C also addressed some issues associated with the application of the ICAO policy and associated practices on the formulation of SARPs as contained in Appendix A of Assembly Resolution A35‑14 for a future communication system. The currently applicable policy creates a three-level hierarchy of requirements and specifications for complex aeronautical systems: “core” SARPs consisting of broad, high-level requirements in Annexes; technical specifications in appendices to Annexes; and related detailed technical specifications in separate documents.

7. Spectrum requirements for FCS

7.1 WG-C discussed two analyses on required bandwidth to support a future communications infrastructure. The analyses built on future data requirements identified in the COCR, and attempting to provide those capabilities over large areas. It was pointed out that the identified spectrum requirement is in addition to the existing VHF AM(R)S band as it is expected that DSB‑AM voice will remain for the foreseeable future. That expectation is driven by the need for existing voice and future data systems to operate in parallel, and by a need to continue to service the general aviation community in portions of ATS airspace where the new COCR capabilities may not be implemented.
7.2 For air-ground applications, both analyses focused on using spectrum in the 960-1 024 MHz band. This was driven in part by technical assessments concluding that developing line of sight (LOS) air-ground capabilities in the 5 GHz range would likely not be affordable (i.e. many more ground stations would be required in order to overcome propagation effects while maintaining compatibility with other band users). WG-C did agree that from a propagation perspective the 5 GHz band was considered acceptable for airport vicinity applications. It was also noted that compatibility studies have been completed for surface applications.

7.3 Such studies are currently under way for short-range air-ground applications in the vicinity of airports (e.g. through the use of wideband CDMA technologies).

7.4 In order to determine an overall spectrum requirement, initial analyses assumed that “clear” spectrum (i.e. no other users) could be found, and that aircraft co-site compatibility (i.e. operating radio equipment in close proximity to other on-board systems) was not an issue. Using those assumptions, a basic minimum aggregate data rate of approximately 15 megabits/second was defined. Analysis then focused on using previous aviation system integration experience to determine how that “pristine-world” value would translate into a real-world operational environment value. This involved development of an adjustment factor to account for sharing of spectrum with existing services, and AM(R)S system design features to facilitate aircraft co-site compatibility. The ultimate conclusion of WG‑C was that approximately 60 MHz of new AM(R)S spectrum would be required in order to provide the identified COCR data capabilities to/from real aircraft in a shared 960-1 024 MHz environment. This amount of spectrum may need to be adjusted to take into account the ability of the new AM(R)S system to fit in its intended environment.

7.5 WG-C also reviewed initial estimates for communication throughput for a proposed airport surface local area network (LAN). Depending on the overhead required for the specific system providing the LAN capabilities, approximately 60-100 MHz of spectrum would be required.  Portions of the 5 000-5 150 MHz band (in particular the 5091-5 150 MHz band, and if studies with RNSS prove acceptable the 5 000-5 010 and/or 5 010-5 030 MHz bands) were suggested as being suitable for this application. Due to continued MLS development, the MLS core band (5 030-5 091 MHz) was not considered.

8. outlook

8.1 It is currently envisaged to have the study results of the final phases of the investigations (referred to as “Phase III investigation” in the United States and “Step 2 investigation” in Europe) available for review at the twelfth meeting of WG-C tentatively scheduled to take place from 17 to 21 September 2007.
9. ACTION BY THE ACP
9.1 The ACP is invited to note and comment on the work of WG-C.
— — — — — — — —
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Appendix 


APPENDIX 
ACP WORKING GROUP C TASKS 
ACP Working Group C tasks, as agreed by WGW-01, are as follows:

r) General investigation of future technical concepts and architectures for aeronautical safety communications, taking into account operational requirements and addressing institutional and strategic aspects:
Expected Delivery date: 3 Quarter 2007 (Closure WG-C).
s) Evaluation of potential alternative technologies (where possible based on existing ICAO material) and measures to ensure that the required ATM capacity will not be constrained by a lack of communication capacity in the VHF band, including:
1) investigation of the feasibility to introduce new aeronautical mobile-satellite service (AMSS) technologies such as those supported by the next-generation satellite system; and
2) consideration of the possible introduction of wireless systems in airport:
Expected Delivery date: 1 Quarter 2007.
t) Initial assessment of spectrum requirements for future terrestrial and satellite communication systems:
Expected Delivery date: 1 Quarter 2007.
— END —
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