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TOPIC:   Navigation:  Transition to a Performance Based Infrastructure

ABSTRACT

INTRODUCTION

The United States (U.S.) and other parts of the world are moving toward performance-based area navigation (RNAV) for air transportation.  The U.S. is currently pursuing initiatives to implement Required Navigation Performance (RNP) procedures and airspace restructuring by taking advantage of aircraft navigation capabilities to fly more accurate and predictable flight paths through U.S. airspace.  Performance-based RNAV will result in increased levels of navigation accuracy and flight path predictability, leading to improved efficiency and capacity.  

BACKGROUND

RNP is the statement of the navigation performance accuracy necessary for operation in an area or necessary for a specific procedure.
  As such, RNAV capability and the development of RNAV routes and navigation systems are key building blocks for RNP-based procedures and airspace design.  Another key building block is the determination of new minimum performance-based criteria and certification standards for specific RNP operations in different operational domains.

An important feature of RNP is that it specifies the level of performance required for a procedure or airspace based on the operation, including separation from aircraft and obstacles.  The navigation requirements under RNP are defined based on the operational requirements, rather than the performance capability of a particular navigation system.  This allows procedures to be defined largely independent of ground constraints, and provides a means to qualify various aircraft and navigation systems to use the procedure.  Since there is a diverse population of aircraft with varying degrees of capabilities in operations today, RNP performance-based procedures make it possible for many users and operators to use qualified aircraft to accrue capacity and efficiency benefits in desired operational domains.  NAS users are seeking to leverage equipage investments and improved cockpit capabilities gained over the last several years.   

In response to the NAS user, the Federal Aviation Administration (FAA) committed to developing and implementing a plan to establish RNP-based airspace and procedures in August 2002.
  Furthermore, the FAA established an RNP Program Office to develop a plan and strategy to carry out the FAA commitment in moving forward with RNP.  The FAA also established a collaborative government/industry forum called the Terminal Area Operations Advisory Rulemaking Committee (TAOARC) to facilitate the development of needed criteria, standards and guidelines for implementing RNP.  An early product of the RNP Program Office and the government/industry collaborative forum is this government/industry RNP Roadmap that articulates the strategy for the implementation of RNP in the near-term, mid-term and far-term.

The RNP implementation strategy focuses on optimizing airspace usage for operator benefits.  The FAA has also committed to supporting international harmonization efforts to ensure that the U.S. strategy in RNP is consistent and supportive of state implementation strategies.  For example, The RNP Program Office is coordinating the U.S. RNP strategy by participating in EUROCONTROL’s task force, which is developing terminal airspace procedures and policy for European member states.

In accordance with the ICAO Global Air Navigation Plan for CNS/ATM Systems and other international agreements, the concept of RNP is being applied to area navigation (RNAV) operations.  The use of RNP permits greater flexibility and facilitates standardization between airspace planners, procedure designers, aircraft and avionics manufacturers, air traffic control/management, aircraft operators and pilots.  It facilitates implementation of new technologies, reduces dependence on ground-based infrastructure and provides a basis for more efficient use of RNAV.  RNP can exploit current technologies and evolve as industry develops new technologies in response to user needs and requirements.  The United States is committed to establish and introduce public use RNP airspace and procedures in concert with the needs of the user community.

US RNP ROADMAP

The US RNP Roadmap will articulate the strategy for implementation of near-term, mid-term and far-term RNP efforts and initiatives, key policy, research and analysis issues to be addressed in these time frames, and the benefits accrued to the NAS users.  The implementation timeframe in the RNP Roadmap encompasses 2003-2020, consistent with the OEP implementation horizon.  The following is a summary of the scope of the RNP Roadmap:

· Description of RNP operational concepts and applications in the en route, terminal and approach domains

· Time frame considered is 2003-2020; near-term (2003-2005), mid-term (2005-2010) and far-term (2010-2020)

· Delineation of principles of implementation

· Itemization of user benefits

· Snap shot of current industry RNP equipage

· Identification of key policy, operational and research issues

· Identification of key decision points and milestones for both industry and government

Far-term implementation will be built on successes of previous efforts, and will not require additional avionics capabilities.  The need for incremental improvements in navigational performance will be minimized to reduce the cost burden to airspace users.  The RNP Roadmap addresses domestic en route, terminal, and approach phases of flight operations.

PRINCIPLES OF IMPLEMENTATION FOR RNP IN THE UNITED STATES

The following principles have been adopted for RNP implementation/the integration of benefits:

· Collaboration between industry and government is critical.

· Incremental procedure implementation provides early experience with RNP.

· Measure benefits.

· Resolve issues.

· Apply lessons learned (public procedures).

· Procedures based on levels of capabilities result in benefits commensurate with capabilities.

· Incentive-based approach for RNP equipage will continue during the near term.

· Possible mandate considerations in mid- and long-term.

· Airspace redesign based on new RNP criteria enables maximum benefit.

· Integration with other programs to maximize synergy will optimize resources.

· RNP implementation based on harmonization with Europe and other regions will leverage resources and investments by operators.

U.S. IMPLEMENTATION STRATEGY

The strategy for implementation of RNP is described as follows:

· Specials: early implementation where feasible and where benefits can be accrued immediately.  Data collection and analysis, lessons learned, and validation activities leading to public use procedures will be achieved by early prototype implementation of RNP in all domains.  Specials will be developed via a Lead Operator process and implemented based on a core set of criteria and guidance materials. 

· Limited use of public procedures: developed from signed/published criteria and a set of approval guidelines drafted for limited purposes.  This form of implementation also enables early implementation, data collection, analysis, etc. for the eventual broad use of public procedures.  

· “Turnkey” implementation: based on signed, public procedures and published approval guidelines, which apply to all users.  Using this form of implementation takes more time and resources to reach but is the eventual goal for RNP implementation.  

THE EUROPEAN IMPLEMENTATION STRATEGY

Having implemented navigation improvements in the en-route, it was recognized that terminal airspace capacity could be expected to become the limiting factor in European Civil Aviation Conference (ECAC) operations.  The ECAC Navigation Strategy has therefore been developed to address the need for further improvements in the European Air Navigation System.  User requirements have been the main driver in its development.  The main objective is to provide a harmonized and integrated common framework that will allow a cost-effective, customer oriented evolution of the European Air Navigation Systems during the period 2000-2015.  The evolution of these systems may be described in terms of performance, functionality and corresponding infrastructure, taking due account of the principle of global interoperability.

The Navigation Strategy supports the operational developments proposed by the ATM 2000+ Strategy towards the implementation of a uniform European Air Traffic Management system. It is also in line with the implementation of the ICAO Global Air Navigation Plan for CNS/ATM systems in ECAC.

The time horizon of the Strategy is split into three phases: short-term (2000-2005), medium-term (2005-2010) and long-term (2010-2015 and beyond), and is in line with other EUROCONTROL strategies.

The main strategic streams are aimed at:

· Achieving a total RNAV environment with defined RNP values for all operations ECAC-wide. 

· Facilitating the implementation of the ‘ free routes’ concept. 

· Supporting the continued operations of aircraft with lower capabilities as long as operationally feasible. 

· Implementing 4D RNAV operations, to support the transition to a full gate-to-gate management of flight by 2015. 

· Supporting the continued operations of State aircraft, in line with the principles of the overall ATM 2000+ Strategy. 

· Providing positioning and navigation data at the required performance levels to support the various applications in the ATM/CNS environment. 

· A judicious deployment of the space-based infrastructure and a rationalization of supporting ground-based infrastructure for all phases of flight, ensuring the transition to GNSS, in line with ICAO recommendations. 

Advances in Navigation functionality will enable improvements in airspace design (structure, sectorization, associated route network, applicable route spacing, separation minima and responsibilities, etc.), and will allow for a high degree of flexibility for aircraft operations and for the navigational equipment used.  Ultimately, all these elements, together with appropriate ATM tools will enable operators to conduct their flights in accordance with their preferred trajectories, dynamically adjusted, in an optimum and cost-efficient manner.  This Navigation Strategy recognizes the emergence of satellite technology and its future role in the global navigation environment.  However, it is expected (based on current knowledge) that the rate of technological development of the system and the time needed for the resolution of institutional limitations will result in the need for a ground-based back-up system for GNSS for the foreseeable future for all phases of flight.

Whilst the technical viability of longer-term developments have been validated as part of previous EUROCONROL Studies, detailed cost benefit and implementation schedules are still outstanding.  This is particularly important where the development of additional capability (e.g. tools for planning the traffic flow and data links for communication in 4D RNAV) is required.  The Navigation Strategy is therefore important to ensure that the requirements are driven from operational requirements rather than by technology-driven solutions.

The Navigation Strategy aims to achieve a harmonized evolution of the overall Navigation System.  This does not mean that for all navigation developments there is a common implementation date.  States may give preference to one implementation option or another in order to reflect sub-regional and local differences and to provide tangible and early benefits to the users.  However, where the development is taken up by a State, the aim is to have a unified methodology.  This ensures a smooth transition to new systems and minimizes the period when support of both existing and new functionality will be necessary.  The demonstration of early benefits will encourage the agreement and commitment of the users to the implementation plans and enhances the rate at which the necessary systems are installed.  It also provides an incentive to other States.

RNAV in Terminal Airspace

In order to provide a cost effective and timely achievement of benefits for the RNAV applications in 1998, the performance level of the B-RNAV was established at the level appropriate to en-route operations.  However, it was soon recognized that the requirement for improved operational flexibility and efficiency in all flight phases would rapidly necessitate the expansion of RNAV into terminal airspace.  As a result, EUROCONTROL and JAA started work in 1999 to identify the required performance level and to develop the standards for such operations.  The performance level corresponded to that defined as Precision RNAV (P-RNAV) in EUR Region ICAO Doc 001/RNAV.  

Pressure to achieve early implementation of RNAV Procedures has resulted in a number of interim applications of RNAV in terminal airspace, which do not conform to the P-RNAV standard.  Whilst pressure for early applications has resulted in differing certification requirements it is recognized that to maximize the benefits and to ensure that all operators can most effectively benefit from RNAV applications, there needs to be a uniform application of the P-RNAV standards.  Consequently, at the request of Member States, the EUROCONTROL Agency has embarked upon an integrated initiative whereby the Agency will co-ordinate the plans of States, thereby ensuring that a common implementation methodology is employed.

There remains no plan to mandate P-RNAV throughout ECAC, unlike the B-RNAV programme.  Rather, the aim is where RNAV operations are required in terminal airspace the procedures shall be designed to require the carriage of P-RNAV equipment.  The exceptions to this are where RNAV procedures remain above MSA/MRVA and the procedure can be designed according to en-route design principles with a maximum of 4 waypoints (i.e. consistent with B-RNAV minimum requirements).  This is seen as a means to enable connectivity with the en-route RNAV based trunk network, or where the use of P-RNAV as a means of improving terminal airspace design has only limited benefit. 

The Navigation Strategy identifies that RNAV procedures in terminal airspace will commence in the early years of the 21st century and that by 2005 there may be some airports that will only have RNAV arrival and departure routes.  Notwithstanding this, P-RNAV remains an interim solution with the long-term aim being the introduction of RNP-RNAV. 

The scope of P-RNAV is operations within terminal airspace, including departures (SIDs), arrivals (STARs) and approach transitions up to the Final Approach Waypoint.  Unlike B-RNAV, P-RNAV comes on the back of states having already implemented RNAV procedures within their Terminal Airspace.  The integrated initiative for P-RNAV was adopted as a means of ensuring an adoption of common standards and implementation practices across European TMAs, where previously operators were unclear as to what equipment was required and whether or not they needed an operational approval.  Furthermore, having a set of RNAV Departure and Arrival procedures complying with strict design guidelines is seen as a means to obtain the path repeatability and determinism that the airspace planners desire.  

The infrastructure necessary to support P-RNAV is based on DME/DME and B-GNSS i.e. GPS.  In remote regions with limited DME coverage, close in VOR/DME may be permitted but this will require careful assessment to ensure that the required performance levels are maintained.  As the Galileo constellations and the augmentations EGNOS (SBAS) and local area GNSS (GBAS) come online, they might all serve to enhance the aircraft positioning, although the minimum accuracy standard for P-RNAV is considered as fully satisfied by DME/DME and GPS.

It is important to note that whilst P-RNAV is not mandated, the availability of P-RNAV across the majority of users at an airport would improve the benefits to be accrued.  This could be perceived as an economic mandate and will undoubtedly create pressure on the non-compliant operators, to re-equip.  Nevertheless, it remains the EANPG policy that alternative means of arriving at the airport (e.g. radar vectors) will continue to be provided until the 2010 period when, as identified in the EUROCONTROL Navigation Strategy for the ECAC States, carriage of RNAV equipment capable of operating in terminal airspace is expected to become mandatory.

The navigation performance applied in P-RNAV is a track keeping accuracy of +/- 1NM for 95 % of the flight time.  This accuracy equates to an RNP 1 value, but for the same reasons as given above with B-RNAV, Europe has avoided calling the procedures RNP 1.  P-RNAV is an RNAV standard, which happens to have RNP 1 accuracy, but all of the requirements associated by RNP-1 RNAV are not called up.  Instead, as in the case of B-RNAV the functional requirements have been carefully judged so as to maximize the number of operators capable of gaining P-RNAV certification without the installation of new equipment.  This choice does however present some limitations on the benefits that can be derived from the RNAV application.

As P-RNAV procedures can take aircraft below the MSA, navigation data integrity becomes a significant issue and the requirement for procedures to ensure sourcing of accredited navigation data services or checking of navigation data, is tied into the operational approval for P-RNAV.  JAA TGL No. 10 contains the certification criteria for P-RNAV but differs from TGL No. 2 Rev 1 in that it specifies both airworthiness and operational approval guidance material.  The need for a specific operational approval is discussed in more detail below, as are the key issues confronting P-RNAV implementation.  Another new aspect of the P-RNAV TGL is the inclusion of an “Assumptions” section, which sets out the non-aircraft requirements made in setting the performance requirements for the P-RNAV.  This has been used in the execution of the safety analysis for P-RNAV operations and in the definition of the implementation actions identified in the EUROCONTROL P-RNAV Integrated Initiative.

At this time there is no equivalent FAA material to TGL No. 10, and it is not clear how US air carriers are to be approved for operation on European P-RNAV procedures.

The RNP-RNAV Solution

While the ICAO Manual on RNP clearly defined RNP as a 95% containment value and its relationship to navigation performance accuracy, it left the other aspects associated with providing a level of confidence i.e. of integrity, availability, coverage, etc to other technical bodies to specify.  RTCA Special Committee 181 (SC181) and EUROCAE Working Group 13 (WG-13), Standards of Navigation Performance jointly undertook this task.  The Terms of Reference for the joint committee called for the development of a number of minimum standards documents for RNP Area Navigation Systems, Navigation Database processes, and Aeronautical Information.

RNP-RNAV was originated by RTCA/EUROCAE as a term that blends the RNP concept, area navigation, and future navigation concepts into a set of requirements that address the operational requirements.  The Minimum Aviation System Performance Standards include:

· 95% positioning accuracy linked to a specific total system error (TSE), where the TSE is comprised of position estimation error, path definition error and path steering error

· Integrity of the positioning accuracy of 99.999% at 2 x RNP

· Continuity of the required positioning accuracy at 99.99%

· Availability of a navigation capability at 99.999%

· Integrity against misleading navigation information at 99.999%

· Specific functionality consistent with RNP application and systems integration

· Compliance considerations

The other documents this forum addressed:

· Standards and guidance for processing aeronautical data for navigation databases (DO-200A/ED-76)

· Standards and guidance for aeronautical information (DO-201A/ED-77)

This RTCA/EUROCAE body of standards for RNP-RNAV emphasizes the functional and operational integration of the navigation system through the specification of minimum requirements that must be satisfied.  Operational services, support services and infrastructure requirements necessary to support RNP-RNAV operations are identified as operational considerations and assumptions for the appropriate stakeholder.  The end result is an end-to-end set of criteria and functional standards where navigation performance, integrity, continuity, and capabilities provide a more deterministic and higher integrity means for RNAV based flexibility in airspace operations and procedure design that has not existed previously.  The set of documents cover requirements for 3D, and 4D (en-route) operations and will ultimately extend to cover 4D operations in terminal airspace.

These requirements are viewed as an extension of the existing navigation criteria applied for RNAV in an RNP environment that is designated RNP-(x) RNAV.  They provide assurance by design, and in operation, including significant improvements in the necessary situational awareness information needed by the flight crew. 

APPROACH INITITATIVES:

On March 13, 2002, the FAA announced that it would implement a new type of approach using WAAS.  This approach combines the lateral precision of a localizer with the vertical performance of APV-1, and provides a significant operational benefit as compared to APV-1 or LNAV/baro-VNAV approaches. Section 2 of this paper describes the operational concept for this approach, while Section 3 describes the benefits that have been estimated.

Approach System Versus Level of Service

Historically, approach procedures have been developed based on the capability of a specific navigation system (e.g., VOR). The flight path is defined based on a specific navigation system (e.g., VOR radial), and obstacle clearance criteria are based on the performance of that system. The specific navigation system that supports the approach is identified on the approach plate in the title, and that is the only navigation system authorized to conduct the approach. Flight inspection verifies that signal and the navigation aid are maintained to tolerances appropriate to the operation.

With area navigation (RNAV) operations, the flight path is defined using a navigation database that is independent of the sensors to be used. Different combinations of sensors may provide the performance necessary to conduct the operation (e.g., GPS/ABAS, GPS/SBAS, DME/DME/inertial). Rather than publish unique approaches with the same flight path for each of these combinations, the FAA adopted an operational concept that allows all of the systems to be supported by a single approach plate, titled “RNAV”. Different levels of service can be supported on the same plate using different minima lines provided that the ground tracks are the same. These levels of service must be identified on the approach plate; to enable the flight crew to assess which minima applies to their aircraft.

The use of “RNAV” approach plates and levels of service does not eliminate the need for flight inspection and navigation aid maintenance to appropriate tolerances in order to support the procedure.

Three Levels of Service 

The FAA originally intended for the WAAS to provide a precision approach service equivalent to ILS and compliant with the GNSS Annex 10 requirements. This service is referred to as GNSS Landing System (GLS) throughout the rest of this paper.

Recognizing that SBAS technology could not always guarantee the tight vertical bounds required for GLS, the FAA also implemented an approach procedure with vertical guidance (APV) that could be flown by SBAS equipment complying with APV-1 requirements. Rather than develop an approach that would only be used as a back up to WAAS, the FAA decided to implement an LNAV/VNAV approach that accommodates barometric-VNAV systems. The lateral performance requirements are consistent with GPS/ABAS, and the approach could also be used to support other navigation systems that are demonstrated to provide the required performance (e.g., DME/DME and autopilot in good DME geometries). A large percentage of US operators are already equipped with the baro-VNAV capability and the FAA recognized that enabling the use of these systems for constant-descent approaches could significantly improve safety. The resulting obstacle clearance criteria is based on the performance of GPS and barometric-VNAV, and the Annex 10 APV-1 performance was demonstrated to exceed this performance and therefore could be authorized to conduct these approaches. The LNAV/VNAV approach was created to serve the needs of the FMS-equipped air carrier community, as well as provide a back-up service to WAAS. Figure 1 illustrates the relative difference in navigation error tolerance (alert limits) for the GLS and LNAV/VNAV (APV-1) services.

A non-precision approach was also published, both as a further fail-down mode for SBAS equipment and to continue to provide access to GPS/ABAS equipment (TSO-C129). This approach is referred to as LNAV, and could be used to support other navigation systems that are demonstrated to provide the required performance.

Since all of these approaches have the same ground-track, and to reduce workload and confusion for the pilot switching between approach charts, the resulting minima lines are currently published on a single FAA instrument approach plate when the ground-track is the same.

Accommodating WAAS Services

As WAAS has matured and detailed design reviews were conducted, it became apparent that the initial WAAS implementation could not satisfy the requirements for GLS. Instead, it would provide a vertical protection level (VPL) better than 50 meters. This complies with APV-1 (Annex 10) and would allow WAAS to be used to conduct LNAV/VNAV approaches. The positioning error lateral tolerance (Horizontal Alert Limit) for these approaches is 556 meters, and the obstacle criteria is based on the flight technical error associated with manual pilotage using a course deviation indicator (CDI) with a full-scale sensitivity of 0.3 NM (TSO-C129).

In reviewing the system performance, it became obvious that both the positioning performance and flight technical error using TSO-C145/146 are significantly better than that required for LNAV/VNAV:

a) 
Positioning accuracy: With any GNSS solution, the lateral performance is at least as good as the vertical performance. The horizontal protection level  (HPL) is typically less than 40 meters.

b) 
Flight technical error: The deviation display concept for SBAS is to mimic the deviations of an ILS. Flight testing has indicated that the associated FTE is similar to the FTE on an ILS approach.

In order to take advantage of the actual system performance, the FAA has developed the LPV level of service. Figure 1 shows how the alert limits for this new level of service would be charted on the same RNAV chart and would denote a level of service, not a specific system.
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Several manufacturers have indicated that the same level of service may be achieved using different technologies, such as integrated GPS and inertial navigation.

Naming Convention

The proposed naming convention for this type of approach is LPV. Two names under consideration are localizer performance with vertical guidance and lateral precision with vertical guidance. These names capture two essential elements of the operation:

a) The lateral performance is equivalent to an ILS localizer. (Another consideration is that the FAA and JAA have harmonised that the cockpit annunciation for all types of precision approach (ILS, MLS, and GLS) should be “LOC” and “G/S”.)

b) It identifies that the approach has vertical guidance, but does not imply that this vertical guidance satisfies the precision approach requirements. This is consistent with the Annex 6 approach classifications. 

INFRASTRUCTURE CONSIDERATIONS
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The two core satellite constellations are the Global Positioning System (GPS) and the GLObal NAvigation Satellite System (GLONASS), provided by the United States of America and the Russian Federation respectively, in accordance with the SARPs. These systems provide independent capabilities and can be used in combination with potential future core systems (Galileo) and augmentation systems. States authorizing GNSS operations remain responsible for determining if GNSS meets Annex 10 performance requirements in their airspace and notifying users when performance does not meet these requirements.

Satellites in the core constellations broadcast a timing signal and a data message that includes their orbital parameters (ephemeris data). Aircraft GNSS receivers use these signals to calculate their range from each satellite in view, then to calculate a three-dimensional position and precise time. 

The GNSS receiver consists of an antenna and receiver-processor, which computes position, time and possibly, other information depending on the application. Measurements from a minimum of four satellites are required to establish three-dimensional position and time. Accuracy is dependent on the precision of the measurements from the satellites and the relative positions (geometry) of the satellites used.

Existing core satellite constellations alone do not meet aviation’s strict requirements.  To meet these requirements core constellations require augmentation in the form of Aircraft Based Augmentation System (ABAS), Satellite Based Augmentation System (SBAS) and/or Ground based Augmentation System (GBAS) system integrity enhancements. 

GPS and GLONASS signals must be augmented to meet the operational requirements for various phases of flight. An ABAS relies on specified avionics processing techniques or avionics integration to meet requirements. The other two augmentations use ground monitoring stations to verify the validity of satellite signals and calculate corrections to enhance accuracy. SBAS delivers this information via a geostationary satellite, while GBAS uses a VHF data broadcast.  

Operational Advantages of GNSS

GNSS is global in scope, and is fundamentally different from traditional NAVAIDs. GNSS has the potential to support all phases of flight, resulting in a seamless global navigation guidance system. This could eliminate the need for a variety of ground and airborne systems, each meeting a specific requirement.

The first approvals to use GNSS came in 1993, supporting en route (domestic and oceanic), terminal and non-precision approach operations. These approvals, based on ABAS, came with operational restrictions, but delivered significant benefits to aircraft operators. 

GNSS provides accurate guidance in remote and oceanic areas where it is impractical, too costly or impossible to provide reliable and accurate traditional NAVAID guidance. Many States have exploited GNSS to deliver improved service to aircraft operators while at the same time avoiding the cost of fielding traditional NAVAIDs. 

Even in areas well served by traditional NAVAIDs, GNSS supports area navigation operations, allowing aircraft to follow more efficient flight paths. GNSS brings this capability within economic reach of all aircraft operators. This will allow States to design en route and terminal airspace for maximum capacity and minimum delays.

The availability of accurate GNSS‑based guidance on departure supports efficient noise abatement procedures. It allows greater flexibility in routings, where terrain is a restricting factor, providing the possibility of lower climb gradients and higher payloads. 

GNSS can improve airport usability, through lower minima, without the need to install a navigation aid at the airport. GNSS may support vertical guidance on all approaches, with proper consideration of aerodrome standards for physical characteristics, marking and lighting.  When a landing threshold is displaced, the flexibility inherent in GNSS can allow continued operations with vertical guidance to the new threshold.  GNSS may also be used to support surface operations.

In suitably equipped aircraft, the availability of accurate GNSS position, velocity and time may be additionally exploited through the use of such functions as automatic dependent surveillance (ADS). 

The availability of GNSS guidance will allow the phased decommissioning of some or all traditional NAVAIDs. This will decrease costs in the longer term, resulting in savings for airspace users. Even in the early stages of GNSS implementation, States may be able to avoid the cost of replacing existing navigation aids. Planning for the decommissioning of traditional NAVAIDs depends on the availability of GNSS service in a State’s airspace and on the proportion of aircraft equipped for GNSS. 

One advantage of GNSS is that it can be implemented in stages, providing increasing operational benefits at each stage. This allows aircraft operators to decide, based on weighing operational benefits against cost, when to equip with GNSS avionics. 

The operational advantages of GNSS, and the possibility of decommissioning traditional NAVAIDs, will provide for significant improvements in the safety, regularity, efficiency and economy of air transport.

A transition to GNSS represents a major change for all members of the aviation community. It affects aircraft operators, pilots, air traffic service and regulatory personnel. States must therefore plan such a transition carefully and in close consultation with all involved parties. The international scope of GNSS also dictates close co-ordination with other States. These considerations, coupled with the pace of development of GNSS technology and applications, challenge States to dedicate resources, move quickly and retain flexibility in order to meet the demands of its customers for GNSS services. 

CONCLUSION:

RNP RNAV satisfies the navigation element of the CNS/ATM equation.  Through the implementation of RNP RNAV, including the use of leg types, etc.; predictable and repeatable flight paths allow navigation to contribute to meeting the long term concept of “Free Flight” and in shaping air navigation as an integral part of the Global CNS/ATM Plan.

The ability to harmonize the navigation element to achieve performance-based airspace systems will set the stage for our ability to reach convergence in the communications and surveillance arenas.  Together, all elements lead to the defining and implementation of a global, inter-operative air traffic management system.  It becomes imperative that increased/continued collaboration between all members of the aviation community exists; and, that through this collaborative effort, we can best manage the use of our finite (and for many limited) resources.  Collaboration is paramount to success.  Economically, incremental implementation provides real benefits; and, an incentive based approach must be taken for the near term.   The implementation of GNSS remains a fundamental component of this harmonization and in the ability to complete the transition.

In light of the urgent need for global harmonization, it is recommended that the FAA and JAA Member States give high priority to resolving, within ICAO, the RNAV and RNP implementation issues.  All States are encouraged to review the U.S. implementation roadmap; and, to work collaboratively within ICAO and with industry, toward achieving the goal of an interoperable, performance-based airspace system.
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�	ICAO Doc 9613 Manual on Required Navigation Performance


�	FAA Policy Statement Regarding RNP, August 2002
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