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Topic:
At the request of the FAA’s Navigation SOIT working Group, members of the user community were asked to prepare a transition plan for the evolution of navigation with respect to RNP and Free Flight.  Organizations that participated in the development of the plan included the Aircraft Owners and Pilots Association, Air Transport Association of America, United States Air Force, National Business Aviation Association and the Regional Airline Association.

Discussion of Issues:

The Plan is intended to provide a means to consider an overall transition to full Free Flight that can be supported by the members of the participating organizations.  One of the key assumptions used in the development of this Plan is that adequate time is allowed for the affected users to make the transition from existing avionics systems to those that will be required to support the RNP and Free Flight capabilities.  It also presumes that the supporting infrastructure will not evolve as rapidly as the aircraft technology and thus must evolve over an extended period.  

In the first phase, a limited set of benefits will be offered to existing aircraft that meet the domestic flight plan suffixes of /E, /F and /G.   The second phase will introduce RNP-x RNAV and will require aircraft to comply with the provisions of AC 20-RNP (RTCA DO-236A).  The third phase will be the end state of Free Flight. The transition plan also recognizes that communication and surveillance requirements will comprise a larger overall transition of the National Airspace System into a state of full Free Flight.

The transition plan is structured into three overlapping phases with 5 elements.  These phases only apply to operations conducted under Instrument Flight Rules (IFR).  Each phase will be defined by an initial operating capability date and a full operational capability date.  The elements of the transition focus on the general areas of application and include Approach, Terminal, Domestic En Route FL 290 and Above, Domestic En Route Below FL 290 and Oceanic/Remote.  The differing equipage rates of general aviation, business operators and air carriers are a prime factor in the development of the transition plan.  

By doing a phased implementation, benefits to the users of the National Airspace System and its service provider can be established and verified before moving on to each subsequent phase.  The following graphic depicts the Transition Phases. 

Phase One 2000-2005
This phase is characterized by no significant changes to existing aircraft equipment.  Benefits will be established by procedural changes within the NAS.  The introduction of the Wide Area and Local Area Augmentation Systems during this phase will enable operators to start equipping for Phase Two and capture some optional benefits that will be offered in the initial stages of Phase Two.  The basic navigation sensors required for Phase One will include GPS, DME/DME and other multi sensor combinations that can meet the accuracy requirements used in this phase.  Required Navigation Performance will not be required in Phase One however, the accuracy requirements used in this phase are based on RNP requirements without the associated integrity.

Approach
The objectives in the first phase are to make maximum utilization of the current fleet of /E and /F equipped aircraft and to begin the implementation of RNAV instrument approach procedures for aircraft equipped with IFR approved GPS navigation systems and aircraft that have been certified for RNP operations.  During this phase, the following actions will be taken:

· All existing non-precision instrument approach procedures at Part 139 airports will incorporate a vertical path angle for use by aircraft equipped with approved barometric vertical navigation (VNAV).  These vertical angles will be coincident with the vertical guidance provided by PAPI and VASI systems.  On approaches where the vertical angle cannot be implemented due to location of the final approach fix, the final approach fix will be relocated.  Where appropriate, aircraft equipped with approved VNAV systems will be authorized to use a Decision Altitude for these approaches.

· [With a few rare exceptions, new instrument approach procedures that are not ILS based will be designed as RNAV approaches.  These approaches will have initial minima based on a Required Navigation Performance of 0.3 nautical miles (RNP 0.3).  These procedures will be based on criteria published in FAA Order 8260.RNP and will utilize linear protection surfaces and will include vertical path angles.  No new training or certification requirements are expected with this change in TERPS design for RNAV approaches.  All of these approaches will be applicable to all aircraft with IFR approved GPS navigation systems as well as aircraft certified for RNP operations.  The use of DME as a sensor in support of these approaches will be based on the availability of adequate DME facilities and geometry to support RNP 0.3 operations.  Aircraft equipped with approved VNAV systems will be authorized to use a Decision Altitude for these approaches.

· The FAA will support industry initiatives for special procedures that take advantage of existing RNP capabilities (e.g., RNP procedures less than 0.3, overlay procedures of existing ILS approach procedures) of a limited number of aircraft.

Interdependencies:  GPS, RNP 0.3 (GPS and/or DME/DME where appropriate)

Optional Capability:  RNP<0.3, WAAS “Gamma” Systems

Terminal

The objectives are to increase airspace efficiency and capacity by greater utilization of RNAV capability of standard and advanced RNAV aircraft.  Initial efforts will be to focus on the application of RNAV arrival routes and departure procedures that are not dependent on the location of ground based navigation aids.  The basic assumption of navigation performance for these procedures will be the accuracy requirements of RNP 2.  Other RNP values may be used where they present an operational advantage. Terminal radar will be required for these procedures and all aircraft must retain a   primary means of navigation other than dead reckoning (e.g., VOR, VOR/DME, TACAN).  The requirements for these routes includes navigation equipment that meets the requirements of the /E, /F and /G flight plan suffixes as defined in the Aeronautical Information Manual.  A desired capability is to have a navigation system that supports the ARINC 424 leg and path terminators.

Interdependencies:  None

Optional Capability:  RNP-1 RNAV

Domestic En Route (Below FL290)

The objectives are to increase airspace capacity, equipment efficiency and flexibility by implementation of RNAV routes.  The basic requirement to fly these routes will be RNAV capability that will support the accuracy requirements of RNP 4.  All aircraft must retain an alternate means of navigation other than dead reckoning (e.g., VOR, VOR/DME, TACAN).

Interdependencies:  None

Optional Capability:  RNP-4 RNAV

Other considerations:  Exceptions for military operations

Domestic En Route (FL 290 and Above) 

The objectives are to increase airspace capacity, efficiency and flexibility by introducing fixed RNAV routes, parallel offsets of existing jet airways and expanding the North American Route Program.  The basic requirement to fly these RNAV routes will be RNAV capability that will support the accuracy requirements of RNP-4 regardless of navaid availability.  All aircraft must retain an alternate means of navigation other than dead reckoning (e.g., VOR, VOR/DME, TACAN).  Contingency procedures will be provided in the event of loss of RNAV capability.

Interdependencies:  GPS or FMS
Optional Capability:  RNP-4 RNAV

Oceanic/Remote Regions (U.S. FIRs)
The objectives are to expand the use of RNP-10 in oceanic/remote region airspace and introduce an RNAV capability that will meet the accuracy requirements of RNP-4.  These criteria may be used in conjunction with other elements of Communication and Surveillance to achieve reductions is lateral and longitudinal separation.

Interdependencies:  None

Optional Capability:  RNP-4 RNAV

Phase Two 2005-2015

Phase Two is characterized by the introduction of RNP RNAV into the NAS.  Once the Wide Area Augmentation System reaches full operational capability, and the RNAV infrastructure is in place, the reduction of ground based navigation aids will begin.  RNAV will become the primary means of navigation in the NAS and aircraft approved with multi-sensor RNAV/WAAS navigation systems will not be required to carry alternate means of navigation. 
Approach

As NAVAIDS are decommissioned, VOR, VOR/DME and NDB approaches will also be decommissioned.  RNAV minima based on the use of Wide Area Augmentation (GLS) will be added to the RNAV approach procedures.  Phase two will start the introduction of public RNAV procedures using RNP values less than 0.3.  Radius to a Fix (RF) leg types will be added to RNAV instrument approach procedures..  These RF transitions will be provided in addition to existing straight leg transition procedures.  

Public-use instrument approach procedures using Local Area Augmentation Systems will be introduced into the NAS.  Some of these systems will be able to support Category II and possibly Category III landing operations.
Interdependencies:  GPS, WAAS

Optional Capability: RNP-0.3 RNAV for approach transitions and RF Leg capability

Terminal

At the end of Phase 2, RNAV systems having the accuracy capability of RNP-1 will become mandatory in Class B airspace for IFR operations.  Surveillance may be based on independent (Radar) or Dependent (ADS) systems.  Arrival and Departure Procedure design will continue to exist as in Phase One except that procedures utilizing RNP-RNAV may be used for public procedures as a “special authorization required” where beneficial.

Interdependencies: GPS, WAAS, LAAS

Optional Capability:  RNP-1 RNAV

Domestic En Route (Below FL290)

Initially, RNAV systems having the accuracy capability of RNP-4 will be the primary means of navigation.  The airspace will be based on fixed RNAV routes and the existing Victor Airway route structure will be phased out concurrent with the removal of ground based navigation aids.  Aircraft operating in this environment and not filing the RNAV route system will be required to retain an alternate means of navigation other than dead reckoning.  During the Phase Two period, the NAS will transition to an all RNAV route structure.  This transition will be matched with the requirement for all RNAV systems to meet the RNP-4 accuracy requirements.  At the end of Phase Two, RNAV systems meeting these requirements will be mandatory.  

Domestic En Route (Above FL290)
At the end of Phase II, RNAV systems meeting RNP-4 accuracy requirements will be mandatory for operation above FL290.  The elimination of Jet Airways will be concurrent with the removal of ground based navigation aids.  The primary means of navigation will be by RNAV route.  Additional routing flexibility will be tied directly to the expanded implementation of controller decision support tools and the collaborative decision making process.

Interdependencies:  GPS, WAAS, ATS automation, collaborative decision making tools

Optional Capability:  RNP-2 RNAV, advanced flight planning automation

Oceanic/Remote Areas

This phase will be characterized by the implementation of RNP-4 RNAV navigation capability for long-range oceanic operations within U.S. Flight Identification Regions (FIR).  To obtain the maximum benefit of this capability, other enhancements such as automatic dependent surveillance, automatic flight plan uploading and controller-pilot-datalink communication will be required.  In areas where the traffic density will support it, RNP-2 RNAV may be introduced (e.g., WATRS, Caribbean, Gulf of Mexico, U.S. – Hawaii) as the navigation component of CNS/ATM.  There will continue to be a route or track structure to support navigation services.
These requirements may not be applicable to certain State Aircraft.
Interdependencies:  GPS, SATNAV or HF Datalink, ADS, controller automation enhancements

Phase Three 2015-2025
Phase Three will be the final transition phase to a full free flight environment.  At the end of Phase III, RNP-x RNAV operations will be mandatory for all airspace and operations except en route below FL180.  Published routes and tracks will exist only when necessary to insure maximum airspace utilization close in to airports.  

The air traffic management system will be characterized by a full complement of automation tools that will provide strategic and tactical conflict detection and resolution.  It will also be based on a cooperative system established between the service provider and the operators that will aid in coordinating the traffic flow into major terminal areas.

The navigation infrastructure will be based primarily on satellite navigation and there will be a basic network of ground based navigation aids to provide backup in the event of a failure of the satnav system.  
Approach

RNAV approach procedures will be mandatory.   Instrument approach procedure landing minima will be based on either RNP RNAV with barometric VNAV or GLS using either wide area or local area augmentation. Approach procedures will be tailored to meet the requirements dictated by efficiency, runway spacing, environmental concerns or existing obstacles.  Where the ground based nav aids are used for the basic backup navigation system, those nav aids may support instrument approaches.
Interdependencies:  WAAS, LAAS

Terminal 

RNP-1 RNAV will be mandatory for IFR operations in all Class B airspace.  RNP-.3 RNAV may also be used where it is beneficial for terminal and approach transition operations.  Surveillance may be provided by independent or dependent means.  RNAV routes will only serve to sequence traffic to and from the runways as necessary.
Interdependencies:  WAAS, LAAS, Ground based navigation aid phase down plan

Domestic En Route (Below FL180)

The low altitude en route structure will support RNP RNAV operations but they will not be mandatory.  Published RNAV routes will continue to exist but “free flight” service will be provided if requested. 

Domestic En Route (FL180 and Above)
At the start of Phase Three RNP-2 RNAV will be mandatory for all aircraft and Free Flight will be an optional capability contingent on the availability of the supporting infrastructure.  Free Flight will become mandatory at the end of Phase Three. 

Interdependencies:  GPS, WAAS, CPDLC, ADS, ATS Automation

Oceanic/Remote Areas

The oceanic/remote infrastructure will support the implementation of user-preferred tracks that will not be dependent on any organized or published track system.  RNP-4 RNAV will remain the mandatory navigation performance criteria.  However as the transition progressed toward a free flight environment, the required navigation performance values may change contingent on traffic growth and the ability of the ATS automation to support additional capacity.

RNP TRANSITION MATRIX

PHASE I 2001-2005

	APPROACH
	TERMINAL
	EN ROUTE BELOW FL290
	EN ROUTE ABOVE FL 290
	OCEANIC
	END STATE

	VNAV for all existing non-precision approaches (FAR 139 airports)
	RNAV arrival & departure routes
	RNAV routes with RNP 4 accuracy
	RNAV routes with RNP-4 accuracy
	Expand 

RNP-10
	VNAV for all existing non-precision approaches (FAR 139 airports)

	RNAV approaches (RNP 0.3/ GPS)
	RNP 2 accuracy applicable to /E, /F, /
	
	
	Introduce RNAV routes based on RP 4 accuracy
	

	RNP < 0.3 (specials)
	RNP <2 if advantageous
	
	
	
	


PHASE II 2005-2015

	APPROACH
	TERMINAL
	EN ROUTE BELOW FL290
	EN ROUTE 

FL 290 AND ABOVE
	OCEANIC
	END STATE

	RNP <0.3 (public)

	Continue as in Phase I
	RNAV Routes based on RNP 4 accuracy
	RNAV Routes based on RNP 4 accuracy
	Introduction of RNP-4 RNAV
	RNP-1 in Class B airspace

	RF leg approach transitions
	 Introduce RNP RNAV (special use) procedures
	
	
	Introduction or RNP-2 RNAV in selected areas
	NAS based on RNAV route structure with RNP 4 accuracy 

	LAAS approaches
	
	
	
	
	RNP-2 RNAV in en route airspace FL290 and above


PHASE III 2015-2025

	APPROACH
	TERMINAL
	EN ROUTE BELOW FL180
	EN ROUTE 

FL180 AND ABOVE
	OCEANIC
	END STATE

	
	RNP 0.3 RNAV where beneficial
	RNP RNAV available but not mandatory
	Free Flight optional based on infrastructure
	
	RNP-X RNAV for all operations


	
	RNAV routes to only be used for sequencing of aircraft in terminal airspace
	Free Flight service available but not required
	
	
	Free Flight FL180 and above

	
	
	
	
	
	RNAV (LNAV/VNAV) approaches


	
	
	
	
	
	RNP-1 RNAV for all terminal IFR operations


� Will still require “special aircrew/aircraft” authorization


� The one exception if for en route airspace below FL180 where it will be available, but not mandatory


� All approach procedures will be based on RNAV except remaining ILS 





Avoiding Divergent Paths: CNS/ATM Workshop
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