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SECTION: FOREWORD

Foreword

This Performance Based Navigation (PBN) Operational Approval Manual is a guidance
material responsible for the assessment of applications for operational approval to conduct
Performance Based Navigation Operations. Over the years, a number of regions have
established local RNAV and RNP standards which led to complexity in international
operations and operational approvals. ICAO has developed the concept of Performance Based
Navigation and harmonized the concepts and requirements which are now contained in the
ICAO Performance Based Navigation (PBN) Operational Approval Manual (DOC 9997) and
[CAO Doc. 9613 Performance-based Navigation (PBN) Manual.

The Kuwait DGCA personnel, the Operators and whoever is conducting PBN operations will
adhere to the policy and procedures contained in this Manual when authorizing and applying
approval for the conduct of PBN operations. Because of the wide scope of operations involved
and the many variables that can be encountered in aircraft equipment, it is impossible to
anticipate all situations, therefore all personnel must exercise common sense and good
judgement in the application of these policies and procedures.

Aviation Safety Director,
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SECTION: INTRODUCTION

INTRODUCTION

The Manual is divided into three parts and the Appendixes.

Part 1 PBN Technology provides a summary of the enabling area navigation technology in
order to provide operational approval inspectors and operators with the technical
background necessary for an informed and consistent management of PBN operational
approvals. Additional study may be required depending upon the complexity of the operation
and other factors, and reference is made in Part 3 to suitable sources of information.

Typically the operational approval process for established navigation technologies is well
known and understood by inspectors and operators and there is general consistency amongst
regulators worldwide in the issue of operational approvals. As Performance Based Navigation
is a relatively recent development, regulatory authorities, inspectors and applicants require
some time and experience to develop a thorough understanding of PBN operations, the
associated technology and the approval process. In addition, some work remains to be done
in the development of regulatory and guidance material and it is necessary that the
concerned operators and inspectors have a good knowledge of PBN principles, the associated
technology and operating practices in order to accommodate any perceived limitations in the
available documentation.

Part 2 PBN Operational Approvals discusses the approval of operations for each of the
Navigation Specifications included in the PBN Manual. Where appropriate additional
guidance material is provided to explain the context or intent of the navigation specification.

Part 3 Job Aids provide Operators and Inspectors with guidance on the process to be
followed in order to obtain a PBN operational approval.

Appendixes This PBN manual contains Appendix A - Example Regulatory Text; Appendix B -
Flight Operational Safety Assessments (FOSAs); Appendix C - Flight Simulation Training
Device Functionality and Qualification for RNP AR APCH.

It is intended that this Manual is supplemented by a formal course of training for Inspectors.
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SECTION: DEFINITIONS

DEFINITIONS

Aircraft-based augmentation system (ABAS) - A system which augments and/or integrates the
information obtained from the other GNSS elements with information available on board the
aircraft. The most common form of ABAS is the receiver autonomous integrity monitoring (RAIM).

Area navigation (RNAV) - A navigation method that allows aircraft to operate on any desired
flight path within the coverage of ground- or space-based navigation aids, or within the limits of
the capability of self-contained aids, or a combination of both methods.

Flight technical error (FTE) - The FTE is the accuracy with which an aircraft is controlled as
measured by the indicated aircraft position with respect to the indicated command or desired
position. It does not include blunder errors.

Global navigation satellite system (GNSS) - A generic term used by the International Civil
Aviation Organization (ICAO) to define any global position, speed, and time determination system
that includes one or more main satellite constellations, such as GPS and the global navigation
satellite system (GLONASS), aircraft receivers and several integrity monitoring systems, including
aircraft-based augmentation systems (ABAS), satellite-based augmentation systems (SBAS), such
as the wide area augmentation systems (WAAS), and ground-based augmentation systems (GBAS),
such as the local area augmentation system (LAAS).

Global positioning system (GPS) - The global positioning system (GPS) of the United States is a
satellite-based radio navigation system that uses precise distance measurements to determine the
position, speed, and time in any part of the world. The GPS is made up by three elements: the
spatial, the control, and the user elements. The GPS spatial segment nominally consists of, at least,
24 satellites in 6 orbital planes. The control element consists of 5 monitoring stations, 3 ground
antennas, and one main control station. The user element consists of antennas and receivers that
provide the user with position, speed, and precise time.

Navigation specifications - Set of aircraft and flight crew requirements needed to support
performance-based navigation operations in a defined airspace. There are two kinds of navigation
specifications:

Required Navigation Performance (RNP) Specification - Area navigation specification that
includes the performance control and alerting requirement, designated by the prefix RNP; e.g.,
RNP 4, RNP APCH, RNP AR APCH.

Area Navigation (RNAV) Specification - Area navigation specification that does not include the
performance control and alerting requirement, designated by the prefix RNAV; e.g., RNAV 5, RNAV
2, RNAV 1.

Navigation system error (NSE) - The difference between the true position and the estimated
position.

Path definition error (PDE) - The difference between the defined path and the desired path at a
given place and time.
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Performance-based navigation (PBN) - Performance-based area navigation requirements
applicable to aircraft conducting operations on an ATS route, on an instrument approach
procedure, or in a designated airspace.

Receiver autonomous integrity monitoring (RAIM) - A technique used in a GPS
receiver/processor to determine the integrity of its navigation signals, using only GPS signals or
GPS signals enhanced with barometric altitude data. This determination is achieved by a
consistency check between redundant pseudo-range measurements. At least one additional
available satellite is required with respect to the number of satellites that are needed for the
navigation solution.

RNP operations - Aircraft operations that use an RNP system for RNP applications.

RNP system - An area navigation system that supports on-board performance control and
alerting.

Standard instrument arrival (STAR) - A designated instrument flight rules (IFR) arrival route
linking a significant point, normally on an air traffic service (ATS) route, with a point from which a
published instrument approach procedure can be commenced.

Standard instrument departure (SID) - A designated instrument flight rule (IFR) departure
route linking the aerodrome or a specified runway of the aerodrome with a specified significant
point, normally on a designated ATS route, at which the en-route phase of a flight commences.

Total system error (TSE) - The difference between the true position and the desired position.
This error is equal to the sum of the vectors of the path definition error (PDE), the flight technical
error (FTE), and the navigation system error (NSE).

Note. - FTE is also known as path steering error (PSE), and the NSE as position estimation error (PEE).

Way-point (WPT) - A specified geographical location used to define an area navigation route or
the flight path of an aircraft employing area navigation. Way-points area identified as either:

Fly-by way-point - A way-point which requires turn anticipation to allow tangential interception
of the next segment of a route or procedure.

Fly over way-point - A way-point at which a turn is initiated in order to join the next segment of a
route or procedure.
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ACRONYMS
ABAS Aircraft-based augmentation system
AC Advisory Circular
AFM Aircraft flight manual
AIP Aeronautical information publication
AIRAC Aeronautical information regulation and control
ANSP Air navigation service provider
AP Automatic pilot
APV Approach procedure with vertical guidance
ARP Aerodrome reference point
ATC Air traffic control
ATM Air traffic management
ATS Air traffic service
ASD Aviation Safety Department
Baro-VNAV Barometric vertical navigation
CA Course to an altitude
CDI Course deviation indicator
CDU Control and display unit
CF Course to a fix
DF Direct to a fix
DGCA Directorate General of Civil Aviation
DME Distance-measuring equipment
Doc Document
EASA European Aviation Safety Agency
EGPWS Enhanced ground proximity warning system
EHSI Electronic horizontal situation indicator
FAF Final approach fix
FAP Final approach point
FD Flight director
FD Fault detection
FDE Fault detection and exclusion
FM Course from a fix to a manual termination
FMS Flight management system
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FOI Flight Operations Inspector

FOSA Flight Operational Safety Assessment

FTE Flight technical error

GBAS Ground-based augmentation system

GNSS Global navigation satellite system (ICAO)

GLONASS Global navigation satellite system (Russia)

GPS Global positioning system (US)

GS Ground speed

HAL Horizontal alert limit

HIL Horizontal integrity limit

HPL Horizontal Protection Level

HSI Horizontal Situation Indicator

HUGS Head up guidance system

ICAO International Civil Aviation Organization

IF Initial fix

[FR Instrument flight rules

IMC Instrument meteorological conditions

LAAS Local area augmentation system

LNAV Lateral navigation

LOA Letter of authorisation/letter of acceptance

LPV Localizer Performance with Vertical Guidance

MCDU Multi-function Control and Display Unit

MEL Minimum equipment list

MOC Minimum Obstacle Clearance

NM Nautical miles

NAVAIDS Navigation aids

NOTAM Notice to airmen

NPA Non-precision approach

NSE Navigation system error

oM Operations manual

OEM Original equipment manufacturer

OPSPEC Operations specification

PA Precision approach

PANS-ATM Procedures for Air Navigation Services - Air Traffic Management
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PANS-OPS Procedures for Air Navigation Services - Aircraft Operations

PBN Performance-based navigation

PDE Path definition error

PEE Position estimation error

PF Pilot flying

PM Pilot monitoring

POH Pilot operating handbook

P-RNAV Precision area navigation

PSE Path steering error

QAR Quick access recorder

RAIM Receiver autonomous integrity monitoring

RNAV Area navigation

RNP Required navigation performance

RNP APCH Required navigation performance approach

RNP AR APCH Required navigation performance authorisation required approach
RTCA Radio Technical Commission for Aviation

SBAS Satellite-based augmentation system

SID Standard instrument departure

SRVSOP Regional Safety Oversight Cooperation System

STAR Standard instrument arrival

STC Supplemental type certificate

TAWS Terrain awareness system

TF Track to fix

TSE Total system error

TSO Technical standard order

VA Heading to an altitude

VI Heading to an intercept

VM Heading to a manual termination

VMC Visual meteorological conditions

WAAS Wide area augmentation system

WGS World geodetic system

WPR Waypoint Precision Error

WPT Waypoint
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Chapter 1 OVERVIEW

11 Introduction.

The information in this Part is intended to provide the concerned operators and the inspectors with
the necessary technical knowledge to manage an application for operational approval in accordance
with a navigation specification contained in the PBN Manual. This Part contains information relative
to the full complement of PBN Manual navigation specifications and in general individual PBN
operations are not discussed in detail.

1.2 Transition from Conventional Navigation to PBN

Conventional navigation, that is navigation dependent upon ground-based radio navigation aids, has
long been the mainstay of aviation. Pilots, operators, manufacturers and ANSPs (Air navigation service
provider) are all familiar with the technology, and the avionics, instrumentation, operations, training
and performance are very much standard throughout the world. Consequently, apart from some more
demanding operations such as Cat II/III ILS, specific operational approval is not necessary.

Performance Based Navigation is dependent on area navigation, and while various methods of RNAV
have been in existence for many years, the use of RNAV has not yet reached the same level of common
use as conventional navigation. The Performance Based Navigation concept is intended to better
define the use of RNAV systems and provide a means to eventually reach a similar level of common
use. However, until there is general standardisation in aircraft, operating procedures, training and
ATS application, there is a need for an operational approval process.

While there is a need for an approval process, the fundamentals of PBN operations are relatively
straightforward, and operational approval need not be a complicated process for either applicant or
regulator. Even the highest performing type of operation (RNP AR APCH), once implemented, due to
e
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SECTION: PART 1 - PBN TECHNOLOGY

the capability of modern avionics and auto-flight systems, is a simple and safe operation when
conducted in an appropriately equipped aircraft operated by a properly trained crew.

However the transition to new technology, new navigation and operational concepts and the
dependence on data driven operations requires careful management. It is the purpose of the
operational approval process to ensure that for all PBN operations the appropriate level of oversight
is provided to ensure that in the current environment where there are many variables in terms of
equipment and experience that the benefits of PBN can be achieved consistently and safely.

The key to successful PBN implementation is knowledge and experience. For many States, both
operators and regulators lack both, and this Manual is intended to assist in improving that level of
knowledge. Experience can only be gained by doing, and an operational approval will commonly be
required before relevant experience is gained. In this Manual guidance is also provided on strategies
for implementation, which allow experience to be gained (by all parties) in a controlled environment,
allowing progression to full capability in stages as experience is gained.

1.3 Performance Based Navigation

Performance Based Navigation encompasses a range of operations which are all based upon Area
Navigation. Area navigation, commonly abbreviated as RNAV, has been available for around 30 years
using a variety of technologies, however some difficulties arise in the dual application of the term
RNAV as a fundamental method of navigation (area navigation) and also as a particular type of
operation (e.g. RNAV 5). Further complications arise with the implementation of Required Navigation
Performance (RNP) operations which by definition are also area navigation operations.

There has been some difficulty in identifying the differences between RNAV operations and RNP
operations, and some lack of definition in the requirements for both RNAV and RNP operations. A
number of regions established local RNAV and RNP standards which led to complexity in international
operations and operational approvals.

ICAO established the Required Navigation and Special Operational Requirements Study Group
(RNPSORSG) to resolve these issues. The RNPSORSG (now called the PBN Study Group) developed the
concept of Performance Based Navigation to encompass both RNAV and RNP operations.

1.4 RNAV vs. RNP

One of the issues that the RNPSORSG had to deal with was to differentiate between area navigation
operations which are described as either RNAV or RNP. [t was recognised that while both RNAV and
RNP operations could be described in terms of navigation performance (e.g. accuracy), RNP
operations can be identified by the capability of the on-board navigation system to monitor in real
time the achieved navigation performance and to alert the operating crew when the specified
minimum performance appropriate to a particular operation could not be met. This additional
functionality provided by RNP allows the flight crew to intervene and to take appropriate mitigating
action (e.g. a go-round), thereby allowing RNP operations to provide an additional level of safety and
capability over RNAV operations.

As GNSS systems incorporate performance monitoring and alerting, the distinction between RNAV
and RNP operations in practice is the requirement for GNSS. While there are exceptions to this rule, in
simple terms RNP operations are GNSS based, and for RNAV operations are based on older
technology.

RNAV navigation specifications have been developed to support existing capability in aircraft
equipped with systems which in the general case were not designed to provide on-board performance
monitoring and alerting. RNP navigation specifications have been developed from a need to support

operations that depend upon GNSS to provide the required performance.
I —
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Chapter 2 AREA NAVIGATION

2.1 Area Navigation Principles

Area navigation (RNAV) is a term applied to navigation between any two selected points on the
earth’s surface. RNAV has been around since the 1960s and the earliest avionics used triangulation
measurements from ground-based navigation aids to compute an RNAV flight path between
waypoints.

A number of self-contained navigation systems which are independent of any ground based
navigation systems have also been developed, including OMEGA (now obsolete) LORAN C, GPS,
Glonass, Inertial Navigation Systems (INS) and Inertial Reference Systems (IRS).

Perhaps the most common type of RNAV system in use in commercial aviation today involves the use
of IRS positioning updated by reference to ground-based radio navigation aids (DME and VOR) or GPS.
Updating by reference to ground-based aids is limited by the availability of sufficient navigation aids,
and in many parts of the world, including oceanic and remote areas, position updating is unavailable.

Commonly referred to by the generic term GNSS (Global Navigation Satellite System) satellite
navigation has revolutionised area navigation and provides highly accurate and reliable positioning.
For modern air transport operations area navigation is managed using a Flight Management System,
using IRS position updated by GNSS.

However, as there are many and varied area navigation systems in use throughout the world, the PBN
Manual provides a number of navigation specifications to accommodate a range of RNAV and RNP
performance levels. One of the tasks of the operations approval inspector is to ensure that the
equipment available meets the requirements of the relevant PBN operation.

2.2 Geodetic Reference

An area navigation system computed position must be translated to provide position relative to the
real position on the earth’s surface. Horizontal datums are used for describing a point on the earth's
surface, in latitude and longitude or another coordinate system.

A specific point on the earth can have substantially different coordinates, depending on the datum
used to make the measurement. There are hundreds of locally-developed horizontal datums around
the world, usually referenced to some convenient local reference point. The WGS 84 datum is the
common standard datum now used in aviation.

2.3 Path Terminators

In its simplest form area navigation system computes a track between two selected waypoints.
However the demands on aircraft navigation require the definition of complex flight paths, both
lateral and vertical. The international standard for definition of path and terminator is ARINC 424. A
flight path is described in coded ARINC 424 language which is interpreted by the RNAV system to
provide the desired navigation function and inputs to flight guidance systems.

The path between any two waypoints can be specified, depending upon the coding. Each segment is
also defined by a terminator or end statement, which provides information to the navigation system
on the intended method of connection of one segment (path) with the next.

For example two waypoints could be connected by a great circle track between two waypoints (TF) or
perhaps by the arc of a circle of defined radius (RF). Other options include a path defined from the
current position to a waypoint (DF), or a path defining a holding pattern (HF).
|
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In general usage path and terminator is commonly abbreviated to path terminator or sometimes leg
type. A complex series or ARINC 424 rules govern the definition of leg types and their interaction with
each other.

One example a common sequence of leg types is TF to TF. Effectively this is a series of “straight lines”
as in the diagram below. In the normal case, the aircraft avionics interprets the ARINC 424 coding to
require that the two legs are joined by a curved flight path, and the aircraft will “fly by” the
intermediate waypoint.

,‘? \Bq

Startof Turn |
Low GS

Start of Turn
High GS

TF leg

Figure 2.1: TF to TF Transition

The aircraft navigation system is programmed to provide a start of turn prompt (turn anticipation)
based on the current groundspeed and a programmed bank angle, which will normally provide a turn
of sufficient radius to allow the subsequent segment to be intercepted. As each aircraft will compute a
different start of turn point the result is a spread of turns, between the tracks of faster aircraft using
lower bank angles, to slow aircraft with larger bank angles.

Turn anticipation does not provide track guidance during the turn, and until the aircraft is established
on the subsequent leg, cross-track error cannot be monitored. The effectiveness of the turn
anticipation algorithm is limited by variation in groundspeed during the turn (e.g. headwind to
tailwind) and the achieved bank angle. Undershooting or overshooting of the turn can occur and crew
intervention may be required.

Using a range of leg types available with ARINC 424 coding, (approx 18) complex fight paths can be
designed. However it must be noted that not all navigation systems are capable of accommodating all
leg types. Two common examples of leg types that may not be supported are RF and CA legs.
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An RF or Radius to Fix leg defines a circle of specified radius enabling an aircraft to fly a precise
curved flight path relative to the surface of the earth, rather than an undefined path as in the previous
example of a TF/TF.

TF RE
Arc
Center
Great Circle track Constant radius to a fix

between two fixes

Figure 2.2: Common Path Terminators

A CA or Course to Altitude leg defines a nominated course until a specified altitude is reached. On
reaching the altitude the path is “terminated” and the avionics will follow the path defined by the next
leg or path and terminator. The CA leg which is commonly used to specify the initial leg of a departure
is not normally supported by general aviation GPS receivers, which are not usually integrated with the
aircraft’s vertical navigation system. Consequently the flight planned departure route may not be
followed and pilot intervention (manual selection of next leg) is required.

In the example in Figure 2.3 two aircraft are cleared on a departure with the same instruction.
Depending on the climb performance, the position at which the aircraft reaches 3000ft and the CA leg
is terminated will vary. If the aircraft is equipped with an integrated vertical navigation system the
termination will be automatic and the active route will sequence to the next leg which may be (for
example) a Direct to Fix (DF) leg.

If vertical navigation capability is not available, the termination must be initiated by the flight crew.
For manually sequenced navigation systems the track to the next fix will depend on the point at which
the direct to function is selected. In the example, the pilot has selected Direct To immediately on
reaching 3000ft and the track is generated from that position. If Direct To is selected after the turn a
different track will be displayed. In this and similar examples, the actual flight path is variable and
may not meet operational requirements. A different sequence of Path Terminators may be needed to
better define the flight path but may result in the inability to place a minimum altitude requirement on
the turn initiation.
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Adrcraft 2 reaches 3000l g = — — — — - e — -ALPHA

-

-
Aircraft 1 reaches 30006t ff

Departure coded as CA leg

Departure instruction:
At 30001 track DCT ALPHA

Figure 2.3: CA Path Terminator Example

It is necessary that operational approval inspectors gain a working knowledge of common path
terminators, the basics of flight path design, and the functionality of aircraft avionics and flight control
systems in order to properly manage operational approvals. For example, while an operation might
meet the requirements of a specific PBN Manual navigation specification, the operational approval
may need to ensure that crew procedures are defined in order to fly a certain type of procedure, as in
the case of the CA example described above.

2.4 Radius to Fix segments

The use of an RF segment or multiple segments including TF and RF legs provides great flexibility in
route design enabling flight paths to be designed to avoid terrain, manage noise footprint, better
utilise airspace and provide many other benefits.

RF leg capability is available on most late model FMS equipped aircraft but the lack of general
availability can limit its broader use. Currently only the RNP AR APCH navigation specification
supports the use of RF legs but it is expected that application will be extended in due course.

Capability for RF legs, while extremely useful, is not without limitation, and it is important that the
FMS functionality, aircraft flight control logic, and the application of RF legs to flight procedure design
are properly understood.

A segment coded as an RF leg creates a circular flight path over the surface of the earth, defined by a
start and end point, a turn radius and an origin. ARINC 424 coded segments before and after the RF
legs must join at a tangent to the circle defined by the RF leg. Consequently the sequence of legs used
can be TF/RF or RF/TF and RF/RF. Joining of RF legs to other RF legs is acceptable and turn reversal
and change of radius may occur. This capability allows great flexibility in design.
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While complex flight paths can now be designed and displayed as the active route, the aircraft must
have the capability to accurately follow the defined flight path. Pilots are familiar with flying turns at a
constant airspeed and angle of bank which enables a circular flight path to be flown with reference to
the air mass and are trained to manually compensate for the presence of wind if necessary. Pilots now
need to understand that the FMS will fly an exact circular flight path over the ground and the angle of
bank will be adjusted by the flight control system to maintain that circular flight path.

The physics of flight are such that the radius of a circle (over the ground) is limited by groundspeed
and angle of bank. The minimum radius that can be flown is therefore limited by the maximum
available bank angle, and the groundspeed.

Bank angle limits are determined by the aircraft manufacturer, and are also limited by crew selection,
aircraft configuration and phase of flight. In normal approach/departure configuration a typical bank
angle capability for modern jet transport aircraft is 30° but may be as low as 20°. The bank angle limit
can be 8° or less at low altitude, and similarly bank angle limits are also applied at high altitude. The
RNP AR APCH navigation specification requires aircraft to be capable of 25° angle of bank in normal
circumstances and 8° below 400ft. The procedure designer uses these limits in the design of RF turns,
and pilots need to be aware of the aircraft capability in all flight phases. Inspectors should familiarise
themselves with aircraft capability documentation during the operational approval process, for
aircraft that will utilise RF leg capability.

Groundspeed is a function of TAS, and consequently IAS, plus or minus the ambient tailwind or
headwind component. In order to ensure that the flight path during an RF turn can be maintained
under all normal weather conditions the procedure designer allows for a maximum tailwind
component or “rare-normal” wind. The maximum tailwind component is selected from a wind model
which is intended to represent the maximum winds likely to be encountered at various altitudes,
generally increasing with altitude. A tailwind component of up to 100KT may be applied in some
cases.

As groundspeed is also affected by TAS, the flight crew needs to manage the IAS within acceptable
limits to ensure that the bank angle limits, and hence the ability to maintain the flight path, are not
exceeded in circumstances where high winds exist. In normal routine operations, where ambient
winds are generally light, quite low bank angles are sufficient to maintain RF turns of average radius.
However, if the IAS is allowed to exceed normal limits, the limiting bank angle may be reached at less
than the maximum design tailwind component, leading to a potential loss of track adherence.

Generally applicable maximum indicated airspeeds are specified in the RNP AR APCH navigation
specification, however the designer may impose specific limiting speeds in some cases.

Flight crews needs to be thoroughly conversant with the principles and practice of RF turns, limiting
airspeeds, bank angle/aircraft configuration, the effect of high winds, and contingency procedures for
manual intervention which although rare, may be required.

2.5 Area Navigation Systems
Although there are many different types of area navigation systems the most common systems are:
Legacy systems. Self contained DME/DME and VOR/DME navigation systems.

Stand-alone GNSS systems comprising a receiver and a pilot interface which may be combined with the
receiver unit, or installed as a separate control and display unit.

(Note: A control and display unit (CDU) should not be confused with a Flight Management System as the interface unit (CDU)
is similar.)
]
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CLR ENY

Figure 2.4: Typical Stand-alone GNSS Receiver

This type of GNSS installation should provide steering commands to HSI or CDI displays in the pilot’s
primary field of view. Many GNSS units provide an integrated navigation display and/or map display
as part of the receiver unit, however in many cases the size, resolution and location of the display may
not be suitable nor in the pilot’s primary field of view.

Flight Management Systems. There are many types of flight management systems with varying
complexity and some attention is required to determine the capability of each particular installation.
In modern transport operations the FMS usually incorporates two Flight Management Computers
which are provided with position updating from a number of sensors. These sensors will normally be
inertial, radio and GNSS (as installed).The inertial information is normally provided by two or more
Inertial Reference Systems (IRS) with radio and GNSS information provided by two or more Multi
Mode Receivers (MMR). Prior to the FMC accepting a sensors positional update, a gross error check is
performed to ensure that the sensor position falls within the ANP or EPE value.

The computed aircraft position is commonly a composite position based on the IRS position corrected
by inputs from the navigation information received from the MMR. Recently manufactured aircraft
will usually be equipped with GNSS and the computed position in this case will normally be based on
IRS updated by GNSS, excluding less accurate inputs from ground-based navigation aids.

%

,/;ﬁ BRG 4

Figure 2.5: FMS Equipped Aircraft with Large Screen Multifunction Displays
|
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2.6 Data Management

In all but the simplest area navigation systems, navigation data is contained in an airborne database.
From a human factors standpoint navigation data should only be extracted from a valid database,
although some PBN Manual navigation specifications permit pilot entry of waypoint information.
Where pilot entry of co-ordinates is permitted it should be limited to en-route operations only and
above the minimum obstacle clearance altitude. For all other operations pilot entry or modification of
waypoint data should be prohibited.

Arrival, approach and departure operations should be extracted from the database by the selection of
a named flight procedure. User construction of procedures even if waypoints are extracted from an
airborne database should be prohibited.

PBN operations are dependent upon valid navigation data. Unlike conventional navigation where the
basic navigation guidance is originated from a physical point (e.g. a VOR transmitter) area navigation
is totally dependent on electronic data and gross errors can occur due to erroneous data or
mismanagement of valid data. In general PBN Manual navigation specifications require or recommend
that data is obtained from an approved supplier who has implemented appropriate quality control
procedures. Despite a data supplier meeting such quality control standards, there still remains a risk
that invalid data may be contained in the airborne database and caution should be exercised. In the
case of operations conducted where collision with terrain is a risk, (approach/departure) additional
checks at each data update cycle are required. Electronic comparison of data against a controlled
source is preferred, but manual or simulator checks may be used where this method is not available.

It should also be noted that whilst every precaution may be taken to ensure the validity of the
airborne database, that valid data can in some circumstances be incorrectly interpreted and managed
by the airborne navigation system. It is extremely difficult to protect against this type of problem,
however in evaluating PBN operating procedures, due attention should be made to ensure that crew
review procedures are appropriate and sufficient to constitute a last line of defence.
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Chapter 3 NAVIGATION PERFORMANCE

3.1 General

All navigation systems can be described in terms of performance. For example, a ground based
navigation aid such as VOR delivers a measurable level of performance which is applied in terms of
accepted navigational tolerances.

PBN operations are similarly based on navigation performance, but the concept of performance is
fundamentally different. Whereas an operation based on a ground based navigation aid is dependent
upon the performance of the radiated signal and the ability of an aircraft to accurately utilise that
signal, in Performance Based Navigation the performance itself is specified and the navigation system
is required to meet the minimum level of performance. In principle any method of navigation that
achieves the specified level of navigation performance is acceptable. However, in practice a particular
navigation system is required in some cases in order to meet the requirements of a particular
navigation specification. For example RNP 4 requires the mandatory carriage of GNSS as no other
current navigation system is available to meet the requirements of the navigation specification. In
theory at least, if another means of navigation became available which met the performance
requirements for RNP 4 without GNSS, then the requirement for GNSS could be removed from the
navigation specification.

3.2 Performance Evaluation

A navigation specification requires performance which is defined by a number representing the
accuracy of the navigation system measured in nautical miles. Throughout the PBN manual, accuracy
is specified as the probability that the computed position will be within the specified radius of the
actual position 95% of the time. While this is the basis for the specification of the accuracy
requirement, the achieved accuracy may be many times much better and this can be somewhat

misleading.
Brisbane RWY01 RNAV (RNP) M

‘ . Intended Flight Path with +/-1 RNP (0.3) corndor
- FL 53, ADS-8B, Std Dev (nm): 0.0078, Mean (nm): 0.0018
| . FL 64, ADS-B, Std Dev (nm): 0.0072, Mean (nm): 0.0023
FL 85, ADS-B, Std Dev (nm): 0.0077, Mean (nm): -0.001
| FL 96, ADS-B, Std Dev (nm): 0.0095, Mean (nm): -0 004
FL 87, ADS-B, Std Dev (nm). 0.0080, Mean (nm): -0.000
FL 84, ADS-B, Std Dev (nm): 0.0085, Mean (nm): -0.001
FL 87, ADS-B, Std Dev (nm): 0.0051, Mean (nm): 0.0014
FL 70, ADS-B. Std Dev (nm): 0.0085, Mean (nm): 0.0039
FL 87, ADS-B, Std Dev (nm): 0.0198, Mean (nm): 0.0096
FL 64, ADS-B, Std Dev (nm): 0.0062, Mean (nm): -0.001

Latitude

27 44 N ——

1 1 1 1
183 153 05 1831 15315
Longitude

Fig 3.1: In-service tracking data showing TSE in relation to 0.3 NM (1 x RNP) tolerance
|
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Figure 3.1 is an example of in-service data collected for RNP AR APCH operations at Brisbane
Australia. The observed standard deviation of TSE is typically of the order of 18m or less, or less than
36m 95% of the time. In this example, where the navigation accuracy for the approach is RNP 0.3 the
navigation specification requirement is 95% of 0.3NM or 528m, the observed accuracy is over 15
times better than the minimum.

Navigation systems that utilise GNSS are able to provide very high levels of accuracy with a
probability far exceeding 95% of the navigation accuracy. Consequently it can be confusing and even
misleading to quote a 95% probability of accuracy for GNSS navigation when the actual positioning
can be measured in metres, irrespective of any particular navigation specification performance
requirement. In general, when considering performance for GNSS based applications, reference to a
95% probability should be avoided as it suggests a level of accuracy far below that which provides
sufficient confidence to flight crews and indeed far less that that observed in actual operations.

Accuracy is only one of a number of considerations when evaluating performance and the overall
capability of the navigation system, including cockpit displays, flight control systems and other factors
are considered in determining the aircraft’s navigation performance capability.

The computation of navigation performance is normally carried out by the aircraft manufacturer, and
in many cases the manufacturer will provide a statement in the AFM giving the computed capability.
However the basis upon which performance is computed varies between manufacturers and in some
cases the methodology differs between aircraft types from the same manufacturer.

In most cases the manufacturer’s published navigation performance was computed some years prior
to the publication of the PBN Manual and other relevant State RNAV/RNP guidance. Consequently the
operational approval must consider the circumstances in which the manufacturer computed the
navigation performance, and the role (if any) of the regulatory authority in accepting the
manufacturer’s claims. In many cases, the regulatory authority has “accepted” the manufacturer’s
calculations there being no available standard available at the time of initial certification against
which the performance statement could be “approved”.

Following publication of the PBN manual and similar State PBN documentation some manufacturers
have demonstrated aircraft navigation capability against those published requirements and such
aircraft can be accepted as meeting the specified performance without further evaluation. It is
expected that in due course many manufacturers will demonstrate compliance with PBN Manual
requirements, and this will reduce the workload associated with operational approval.

Other aircraft will require evaluation in order to determine that the required level of performance is
consistent with the operational approval. The applicant should be asked to provide substantiation of
the aircraft navigation performance supported by manufacturer documentation.

3.3 Performance Components
Navigation performance is computed by considering the following components:

Navigation System Error (NSE). Sometimes called PEE or Position Estimation Error, this value
represents the capability of the navigation avionics to determine position, relative to the aircraft’s
actual position. NSE is dependent on the accuracy of the inputs to the position solution, such as the
accepted accuracy of DME or GNSS measurements.

Flight Technical Error (FTE). Also referred to as Path Steering Error, this value represents the ability of
the aircraft guidance system to follow the computed flight path. FTE is normally evaluated by the
aircraft manufacturer based on flight trials, although in cases where the manufacturer is not able to
provide adequate data the operator may need to collect in-service data.
|
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FTE values will usually vary for a particular aircraft depending on the flight control method, and for
example, a lower FTE may be applicable to operations where the autopilot is coupled compared to the
FTE for manual flight using flight director. This variation may in turn lead to different overall
performance values depending on the method of control.

Path Definition Error (PDE). An area navigation route is defined by segments between waypoints. The
definition of the path therefore is dependent on the resolution of the waypoint, and the ability of the
navigation system to manage the waypoint data. However, as waypoints can be defined very
accurately, and a high level of accuracy is able to be managed by most navigation systems this error is
minimal and is generally considered to be zero.

Total System Error (TSE) is computed as the statistical sum of the component errors. An accepted
method of computing the sum of a number of independent statistical measurements is to compute the
square root of the sum of the squares of the component values, or the Root Sum Square (RSS) method.

The computation for accuracy is:

TSE =+/NSE? + FTE® + PDE?

As discussed PDE is normally considered to be zero and can be ignored.

No measurement can be absolute and some error or variation will always occur. Therefore errors are
normally stated in terms of the probability that the specified accuracy is achieved. For example, the
FTE might be described as +/- (X) NM / 95%.

In the general PBN Manual case where accuracy is specified as the 95% value, then the 95% TSE is
calculated for the 95% values for NSE and TSE.

The risk that an aircraft capable of a particular navigation performance (95%) will exceed a specified
navigation tolerance can then be estimated for any desired probability. It is convenient and
reasonably reliable to consider that navigation errors are “normally distributed” and are represented
by a Gaussian distribution. A Gaussian or Normal distribution is a representation of the probable
errors that may be expected for many common random events. If the probability of a particular event
is known, (e.g. 95% TSE) then using a Gaussian distribution the estimated error for another
probability can also be calculated.

Standard deviation is a widely used measure of the variability or dispersion. In simple terms, it shows
how much variation there is from the "average" (mean). It may be thought of as the average difference
of the scores from the mean of distribution, how far they are away from the mean. A low standard
deviation indicates that the data points tend to be very close to the mean, whereas high standard
deviation indicates that the data are spread out over a large range of values.
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0.4

0.2 0.3

o 34.1% 34.1%

0.0 0.1

Figure 3.2: A plot of a Gaussian or Normal distribution curve.

In Figure 3.2 each colored band has a width of one standard deviation. The percentage of results
within 2 standard deviations of the mean is:

2x(34.1% + 13.6%) = 95.4%.
(A probability of 95% is equivalent to 1.96 standard deviations.)

In the table below probabilities for various standard deviations are shown.

Standard Deviation Probability Fraction

1o 68.2689492% 1/3.1514871
1.9600 95% 1/20

20 95.4499736% 1/21.977894
30 99.7300204% 1/370.398
40 99.993666% 1/15,788

For example, if the demonstrated performance (TSE) is 0.3 NM/95% then the probability that the
aircraft will be within 0.6 NM of the computed position can be calculated.

For simplicity we will assume that the 95% value is equal to 2 standard deviations rather than the
actual value of 1.96. Therefore 0.6 NM is equal to twice the 95% value or 4 standard deviations which
is equivalent to 99.993666%. This in turn can be approximated as 99.99% which indicates at only
.01% of all computed positions will be greater than 0.6NM. For convenience, .01% can be described as
1in 10,000 or 1 x 104,
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3.4 Required Navigation Performance

RNP is a means of specifying the performance for a particular type of operation. In order to meet a
particular performance level a number of requirements must be met.

Accuracy Position accuracy can be defined as the probability that the computed position will be within
a specified distance of the actual position. This performance measure assumes that the reliability of
the computation (i.e. the system is operating within its specification without fault), and we have seen
in the previous section how this can be computed.

Integrity For aviation purposes which are safety critical we must be assured that the navigation
system can be trusted. Even though we may be satisfied as to the accuracy of the determination of
position, we must also ensure that the computation is based on valid or “trusted” information. Various
methods (e.g. RAIM) are used to protect the position solution against the possibility of invalid position
measurements.

Availability means that the system is usable when required. For GNSS operations, unless augmented,
availability is high but normally less than 100%. Operational means are commonly needed to manage
this limitation.

Continuity refers to the probability that a loss of service will occur whilst in use.

For RNP operations the navigation system must meet accuracy and integrity requirements but
operational procedures may be used to overcome limitations in availability and continuity. In addition
to the four performance parameters RNP also requires on-board performance monitoring and
alerting.

In practice, RNP capability is determined by the most limiting of the characteristics listed above.

As discussed, in the general case RNP is based on GNSS. The position accuracy for GNSS is excellent
and can support operations with low RNP. The lowest current RNP in use is RNP 0.10, although
considering position accuracy alone, GNSS would be able to support lower RNP.

However it will be recalled that accuracy is also dependent on FTE and this component is by far the
dominant factor. Consequently, the RNP capability of GNSS equipped aircraft is dependent not on
navigation system accuracy, but the ability for the aircraft to follow the defined path. FTE is commonly
determined by the ability of the aircraft flight control system, and the lowest FTE values are
commonly achieved with auto-pilot coupled.

A further consideration is the requirement for on-board performance monitoring and alerting. For
GNSS systems, navigation system performance monitoring and alerting is automatic. Except in some
specific installations, FTE monitoring and alerting is a crew responsibility, and the ability of the crew
to perform this function depends on the quality of information displayed to the crew.

While an aircraft may be capable of a particular RNP capability, it is not always necessary or desirable
that the full capability is applied. In addition to the consideration of accuracy and performance
monitoring, the operation must always be protected against invalid positioning information, i.e.
integrity is required.

In order to support low RNP operations, an appropriate level of integrity protection is necessary. The
lower the RNP type, the greater level of integrity protection is required, which in turn reduces the
availability and continuity of the service. Consequently a trade-off needs to be made between the RNP
selected and availability.

PBN Manual Navigation specifications are based on a level of navigation performance appropriate to
the intended purpose, rather than the inherent capability of the navigation system.
|
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For example a GNSS equipped aircraft has very high positioning accuracy, and if flown using autopilot
exhibits low FTE, however for terminal SID/STAR operations, RNP 1 is adequate for the intended
purpose, resulting in virtually 100% availability, and reduced crew workload in FTE performance
monitoring.

3.5 Performance Limitations

The overall system performance is limited by the most constraining case. For DME/DME systems the
most constraining condition is likely to be accuracy, and the positioning is dependent upon
measurements which are limited by the accuracy of DME.

Systems which use GNSS as the primary means of position fixing are inherently extremely accurate,
and the navigation system accuracy is independent of the navigation application. i.e. the underlying
positioning accuracy is the same for RNP 10 as it is for RNP 0.10.

GNSS system performance is normally dependent on FTE and in particular the capability for

monitoring and alerting of FTE. In the performance formula TSE =+/NSE* + FTE® + PDE? NSE is
small, PDE is considered negligible and FTE becomes the dominant contributor.

FTE is normally dependent upon the capability of the flight control system (A/P or FD) to maintain the
desired flight path, and commonly varies with phase of flight. In climb, decent and cruise, the
sensitivity of flight control systems is normally less than in the approach phase for obvious reasons.

Despite the capability of the flight control system to achieve low FTE values, RNP also requires that
the flight crew is able to monitor cross-track error and provide an alert if deviation limits are
exceeded (normally achieved by flight crew procedures). In many cases, the cockpit display of cross-
track error limits the crew’s ability to monitor cross-track error, irrespective of the demonstrated
FTE, and this may limit the RNP performance.

Some aircraft AFMs contain statements of RNP performance which are valid when the accuracy of the
flight control system alone is considered, but it may be difficult to justify the same performance when
the display of cross-track deviation is taken into consideration.

GNSS integrity monitoring consistent with the manufacturer’s stated RNP performance is normally
provided and is seldom a limitation on overall RNP capability. In practice, however, the satellite
system may not be capable of supporting the full aircraft RNP capability, and the available RNP
capability can be limited by the satellite constellation.

In Europe, for RNP AR APCH, RNP performance also considers the effect of non-normal events, and
different RNP performance may be stated depending on the operational circumstances. Typically
differing RNP values will be published for all engines operating and one engine inoperative cases.
ICAO approach procedure design does not consider non-normal conditions and the all-engines
operating RNP is applicable, however the manufacturer’s stated limitations should be considered
during the FOSA.
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FAA Airworthiness evaluation OPS evaluation

AFM RNP value
OPS approved RNP

EASA Airworthiness + “OPS readiness” evaluations OPS evaluation

HMI evaluation
Crew work load AFM RNP value
Contingency procedures

Failure conditions
OPS approved RNP

Figure 3.3: Difference between FAA and EASA OPS Approval philosophy

3.6 Flight Technical Error Management

FTE is a term that is generally unfamiliar to pilots and operators, although the notion of expected
standards of track-keeping is well established. However as pilots we have traditionally associated the
management of cross-track tolerances with pilot skill levels and flight crew proficiency. This limited
concept is no longer adequate, and for PBN operations is somewhat irrelevant as cross-track error is
more commonly managed by the aircraft system rather than the pilot manipulating the controls.

In the PBN context we need to expand the concept of FTE and there are a number of measures that we
need to apply.

Demonstrated FTE: As noted previously, the aircraft performance can be determined on the basis of
flight trials, depending on the method of control. Pilot skill is less important and more commonly FTE
is a measure of autopilot performance.

PBN Manual FTE tolerance: The normal cross-track FTE limit for each navigation specification (%2
navigating accuracy.)

Procedure Design FTE value: The procedure designer uses a value of FTE in the assessment of lateral
flight tolerance computation.

Limiting FTE: An operational limitation is placed on the value of FTE acceptable in flight. Beyond this
value the procedure must be discontinued.

The general PBN Manual requirement is that accurate adherence to track is expected for all
operations. For all normal operations a deviation of up to % the navigation accuracy is considered
acceptable, however it is assumed that any deviation will be corrected and accurate tracking regained.
Brief deviations up to 1 x navigation accuracy during and immediately after turns are allowable but in
practice such deviations should be considered poor technique and action taken to limit such
excursions.
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Navspec A Nav Pesian FTE | e Max FTE Protelt_:zf)enrezleither
ceuracy 95% side of track)

RNAV 5! >30NM ARP 5 2.5 2.5 5.77

RNP 4 4 2 2 8

RNAV 1 (<15NM ARP) 1 05 05 2

RNP 1 (<15NM ARP) 1 05 05 2

RNP APCH (MAPt) 0.30 0.25 0.15 0.95

RNP AR APCH (min) 0.10 N/AL 0.052 0.20

1 FTE for RNP AR APCH must be consistent with the RNP capability. Design is based on 2 x RNP obstacle
evaluation area either side of track.

2 A missed approach must be conducted if the FTE exceeds 1 x RNP.

Some inconsistencies may be noted where values have been adopted prior to the development of the PBN
Manual

Figure 3.4: Typical FTE values (NM)

However, for most PBN applications an accuracy of %2 navigation accuracy is not observed in normal
operations, and a cross-track error of this order would be considered excessive by most pilots and
operators.

Although navigation performance is determined by a statistical calculation, in practice a limit is placed
on cross-track deviations. This effectively cuts off the “tails” of the probability distribution, and avoids
the statistically rare but nevertheless real possibility of large cross-track errors. The selection of a
point at which the FTE is limited, and the flight crew intervenes, (e.g. a go-round), is arbitrary and a
matter of judgement rather than mathematics.

For RNP AR APCH mandatory discontinuation of an approach is required if the cross-track tolerance
exceeds 1 x RNP.

Note: It can be demonstrated mathematically that for the lowest available RNP (0.10) that RNP performance is maintained
for cross-track deviations of up to 1 x RNP. As GNSS accuracy does not decrease with increasing RNP, for values of RNP in
excess of RNP 0.10 application of a 1 x RNP FTE limit becomes conservative.

However, for RNP APCH the PBN Manual requirement implies a mandatory go-round at %2 navigation
accuracy. The design FTE for RNP APCH (0.25NM on final) is the value used in the development of
RNAV (GNSS) design criteria prior to the development of the PBN Manual, and was based on manual
piloting tolerances using stand-alone GNSS equipment and a 0.3NM CDI scaling. For FMS equipped
aircraft, a go-round requirement of % navigation accuracy limit may be impractical in many aircraft. A
more general view exists that immediate recovery action should be taken when a deviation exceeds %2
navigation accuracy and a go-round conducted if the deviation exceeds 1 x RNP (0.3).
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The validity of the performance capability calculation, or the design of the procedures, is not in
question as the normal achieved FTE is likely to be extremely small. The issue is merely what
indication of a cross-track error as a trigger for discontinuation is acceptable, and in some cases this
may be higher than preferred. The safety of the operation and the confidence in the navigating
accuracy is in no way compromised, but the operating procedures may need to recognise the
limitations of the display of cross-track information, and reasonable instructions provided to the crew
regarding the point at which action should be taken.

Training should emphasise that for all PBN operations accurate adherence to track is required. A
misconception exists that for en-route operations, where the navigation accuracy is relatively large
(RNP 10, RNP 4, RNAV 5) that unauthorised off-track deviations up to the navigation accuracy are
acceptable without ATC approval. Pilots need to understand that aircraft separation standards are
based on the statistical FTE probability assuming that the aircraft follows the defined track as closely
as possible. Inspectors should take care to ensure that training programs provide proper guidance on
the management of FTE.

3.7 Lateral Deviation Monitoring

The monitoring of FTE requires that suitable information is displayed to the flight crew indicating any
deviation from the lateral or (for VNAV) vertical path. The PBN Manual includes some guidance on the
use of a “lateral deviation indicator” or other means such as flight director or autopilot to manage FTE
but in practice some judgement on the part of inspectors is required in order to assess that the
information displayed to the flight crew is adequate for a particular application.

No difficulty should be experienced with aircraft equipped with stand-alone GNSS receivers which
should be installed to provide a display of cross-track information on a CDI or HSI. Normal TSO C129a
and TSO C146a functionality provides automatic full-scale deflection scaling appropriate to the phase
of flight, and provided the flight crew is properly trained in the operation of the receiver, suitable
indications of cross-track deviations will be available.

Unfortunately FMS equipped aircraft are generally not equipped with a course deviation indicator
when operated in an RNAV mode and this type of installation will require evaluation during the
approval process.

Although it is not possible to generalize, and there is some variation between manufacturers, in this
type of aircraft the Navigation Display (ND) is commonly used to indicate the aircraft position relative
to the flight planned path. As it is common practice to operate with autopilot engaged, track adherence
is generally good and manufacturers have historically not taken the view that the indication of cross-
track error either by the use of a CDI-type graphical indicator, or a numerical indication on the ND is
of importance.

With the development of RNAV approach operations, where accurate track adherence is of
significance, the suitability of displays has become a topic of interest.

Typical sources of cross-track information in production aircraft include:

Navigation (MAP) Display - Graphical indications. ~ Graphical indication of track deviation relative
to the flight planned track. Depending on the selected map scale, the size of the aircraft symbol can be
used to estimate the cross-track deviation. This type of indication is sufficient to allow reasonable
estimation, depending on the map scale selected and the aircraft symbol, of deviations as small as
0.1NM. For operations where the cross-track tolerance is relatively large, (RNAV 10, RNAV 5, RNP 4,
and RNAV 1 or RNP 1) this may be considered adequate. This type of indication, although limited, is
available in the pilot’s forward field of view and in this regard contributes to satisfying some of the
basic requirements for track monitoring.
|
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Navigation (MAP) Display - Numeric indications. In addition to a graphical display of position relative
to flight planned track, many manufacturers also provide a digital indication of cross-track deviation
on the ND. Commonly this is limited to one decimal place e.g. 0.1, 0.2, 0.3 NM. Some aircraft apply a
rounding to the display of digital cross-track deviation. For example, in at least one case, the display of
deviation is not indicated until the deviation reaches 0.15NM, and then a rounded value of 0.2NM is
displayed. In this case the initial digital indication to the crew is 0.2NM which is displayed when the
actual deviation is 0.15NM. Similarly, as the XTK deviation reduces the last digital indication shown is
0.10NM which occurs when the actual deviation is 0.15NM. Increasingly manufacturers are offering as
either standard or as a customer option, digital indications to 2 decimal places e.g. .01, .02, .03 NM.
Two digital place cross-track deviation indication is becoming the industry standard and operators
should be encouraged to select this option if available. Unfortunately on older aircraft this is often not
available due to software or display limitations.

Control and Display Unit Numeric Display

Many systems display a numeric indication of cross-track and/or vertical deviation on the CDU
(MCDU). In cases where the ND does not provide a numeric display, an initial graphical indication of
deviation may be supplemented by a cross-reference to the appropriate CDU page to obtain a numeric
indication. Numeric indications may be one or two decimal places. The disadvantage of this indication
is that it is not in the primary field of view. When CDU indications are taken into account in the
evaluation of the adequacy of cockpit track monitoring, the crew procedures need also to be
evaluated. A procedure needs to be in place such that at least one member of the crew (normally the
PM) has the appropriate CDU page displayed during the operation and there is a system of cross-
checking and crew callouts in place.

Primary Flight Display (PFD) CDI displays

A number of manufacturers are now offering either as standard or as a customer option, the
display of cross-track deviation on the PFD in a manner similar to the display used for ILS. A different
symbol is used to identify that the information is RNAV rather than LOC. Implementations vary from
relatively simple fixed scale displays to more sophisticated displays which provide an estimate of
“available” cross-track tolerance based on the current estimate of navigation performance.

3.8 Vertical Deviation Monitoring

Many VNAYV indicators have been installed to provide relatively uncouth indications of vertical path
adherence, intended to provide adequate monitoring for en-route climb/descent and cruise
operations. Commonly this type of display was not intended for use on approach operations where a
resolution of as low as 10ft is expected. The size of the display may be quite small and the full scale
indication can be a much as +/-400ft.

More commonly a vertical deviation indicator, similar to an ILS glide slope indicator is provided on the
PFD. Numeric indications of vertical deviation may also be available on the CDU.

3.9 Evaluation of Deviation Displays
While each case must be evaluated some broad guidelines can be applied.

Consideration must be given to the means of flight control. Where AP or FD is the means of flight
control, lateral and vertical deviations can be expected to be small, and displays sufficient only for
adequate monitoring of performance are necessary.

1. The display of information is related to the required navigation tolerance. For en-route and
terminal operations, a lesser standard, such as a graphical or basic numeric XTK indication is
normally adequate.

I
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2. For RNP APCH operations, the final approach tolerance is stated to be % the navigation
tolerance i.e. 0.15NM. Consequently indication of small XTK deviation is necessary. The use of
a graphical (MAP) display and a digital XTK indication either on the ND or CDU is generally
adequate, provided the flight control method (AP or FD) and crew monitoring procedures are
appropriate.

3. For VNAV approach operations a PFD indicator is normally the minimum requirement,
although an alternative means might be assessed as adequate provided the crew can readily
identify vertical track deviations sufficient to limit the flight path within the required
tolerances (- 50ft or 75ft and +100ft)

4. For RNP AR APCH operations not less than RNP 0.3, the same tracking accuracy as for RNP
APCH applies and a similar standard of display is generally adequate. A CDI indication on the
PFD while preferred is not essential, as is the display of 2 digit numerical XTK deviation on the
ND. Flight control using AP or FD is normally used and adequate procedures should be in place
for the crew to manage cross-track error.

5. For RNP AR APCH operations less than RNP 0.3 the generally accepted standard is a graphical
display of XTK on the PFD and a numeric display to two decimal places on the ND.

In assessing the displays and procedures for monitoring of XTE consideration should also be given
functions such as flight path prediction, vertical situation displays, HUGS etc., It should also be noted
that the manufacturer’s statement of RNP capability is dependent on the method of flight control,
which determines the statistical value of FTE used in the demonstration of RNP capability. Some
manufacturers and/or regulatory authorities require a minimum standard of cockpit displays for RNP
AR APCH operations.
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Chapter 4 GNSS
4.1 General

The advent of satellite based navigation provides significant improvement in navigation performance
which is available to aircraft of all types. While Performance Based Navigation in general is not
dependent upon satellite navigation the benefits available within the PBN concept are multiplied by
the use of GNSS.

It is not within the scope of this Manual to cover the basics of GNSS navigation and it is assumed that
readers have or will obtain knowledge and training in satellite based navigation principles and
practice.

The discussion of satellite navigation will be related to specific elements of satellite based navigation
that are relevant to PBN operational approvals.

GNSS systems range from stand-alone receivers, now in general use in general aviation and commuter
airline applications, to Flight Management Systems incorporating IRS systems updated by GNSS.
Whatever the installation, the navigation capability of GNSS is excellent, and there is little variation in
the positioning accuracy across the various types of installation. However there are considerable
differences in functionality, cockpit displays, integrity monitoring, alerting and other characteristics
that must be considered in the operational approval, depending upon the particular navigation
specification.

4.2 Monitoring and alerting

An IFR GNSS navigation receiver incorporates by design a system to monitor the positioning
performance and to provide an alert to the operating crew when the minimum requirements
appropriate to the desired navigation performance is not available. Consequently a GNSS navigation
system qualifies as an RNP navigation system as it is able to provide the necessary on board
performance monitoring and alerting functions.
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However, the monitoring and alerting function of the navigation system alone is insufficient for RNP
applications, and FTE must also be monitored. A number of aircraft equipped with GNSS fail to meet
the monitoring requirements for RNP because of a lack of capability for the crew to monitor cross-
track deviation.

Prior to the PBN Manual, many operations utilising GNSS were classified as RNAV operations, such as
RNAV (GNSS) approach procedures. In order to be consistent with the PBN Manual definition of RNP,
RNAV (GNSS) procedures are now classified as RNP APCH procedures, as they fulfil the on-board
performance monitoring and alerting requirements associated with RNP systems.

4.3 GNSS Accuracy

The positioning accuracy of GNSS signal in space is dependent upon the satellite constellation and is
generally independent of the aircraft systems. Positioning accuracy is excellent and a significant
amount of data has now been accumulated which demonstrates that unaugmented GNSS is able to
provide accuracy measured in metres with a high degree of availability over much of the earth’s
surface.

Whilst PBN Manual navigation specifications may contain an accuracy requirement specified as a 95%
probability, when GNSS is used, the underlying accuracy is independent of the navigation specification
requirement. An aircraft equipped with GNSS and approved for operations at a particular RNP level
e.g. RNP 0.3 is capable of no less accurate navigation when operating to another navigation
specification such as RNP 1.

It should be recognised that when GNSS is available navigation position accuracy remains high
irrespective of the particular operation. However it should also be noted that accuracy is only one
consideration in regard to a PBN operation and other factors may limit the approved operational
capability.

4.4 Integrity Monitoring

All IFR lateral navigation systems, both conventional and performance based, are required to meet
standards for integrity. Integrity represents the trust that we place in the ability of the system to
provide navigation information that is not misleading. Whilst a navigation system may provide
accurate guidance, in aviation we require assurance that the guidance is valid under all reasonable
circumstances and various means have been implemented to provide that assurance.

Integrity for conventional navigation aids is indicated by the absence of a warning flag on a VOR or ILS
indicator, or the presence of the Morse ident when using an ADF. For GNSS systems a loss of integrity
availability is indicated by an annunciation (in various forms) displayed to the flight crew.

GNSS systems employ a variety of methods to monitor the integrity of the navigation solution, the
most basic being Receiver Autonomous Integrity Monitoring or RAIM. This type of monitoring system
is generally associated with (but not limited to) stand-alone general aviation receivers. Other types of
integrity monitoring include proprietary hybrid systems which integrate inertial navigation with
GNSS positioning to provide high levels of availability of navigation with integrity.

Unfortunately the term RAIM is erroneously used to describe integrity systems in general, and this can
lead to some misconceptions of the role and application of integrity monitoring to performance based
navigation.

4.5 Fault Detection

Integrity and accuracy are both required for valid GNSS navigation. However accuracy and integrity,
although in some ways related, are entirely different parameters and should not be confused.
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The GNSS receiver, GNSS satellites, ground monitoring and control stations all contribute to providing
a valid navigation system and each element incorporates fault detection protection. A GNSS receiver
continuously monitors the computed position and will detect and annunciate a fault if the position
solution is not within defined limits.

However, the ability of a GNSS receiver to detect a fault is limited by the extremely low GNSS signal
strength. GNSS satellites radiate a low power signal from some 20,000 km in space which reduces in
inverse proportion to the square of the distance. The usable signal is therefore very weak and below
the general ambient signal noise level. Normally a fault will be detected despite the low signal
strength; however in rare circumstances the ability to detect a fault can be limited by the noise level,
constellation geometry and other factors and for commercial aviation applications a means is
necessary to protect the user against the unlikely but nevertheless real possibility that a fault might
not be detected.

RAIM uses a mathematical solution to protect against this rare condition. The receiver calculates in
real time a parameter called Horizontal Protection Level (HPL), in order to protect the navigation
solution against a potential navigation fault.

4.6 Horizontal Protection Level

HPL is the radius of a circle in the horizontal plane, with its centre being at the true position, such that
the probability that an indicated position being outside the circle but not detected is less than 1 in
1000. That is the receiver calculates a level of protection currently available based on the geometry of
the satellite constellation. As the position of the satellites in view is constantly changing HPL also
continually changes.

HPL is a parameter as the name suggests designed to provide integrity protection rather than error
detection. Unfortunately it is a common misconception that the actual position “floats” anywhere
within the HPL radius. The actual navigation solution, as evidenced by a substantial body of
observations over many years, remains very accurate. The function of HPL is to protect the navigation
solution against the possibility that in the unlikely event that a satellite ranging error should occur that
the risk of a missed detection is reduced to an acceptable probability.

In normal circumstances, should a satellite ranging error occur which results in an out-of tolerance
solution, the GNSS system will detect the fault and provide an alert to the user. The problem is that we
cannot be certain that the fault detection system will always work, and as discussed, due the ambient
noise level, under certain circumstances, a fault could be missed. So if we can’t be 100% sure about
the detection system, something else must be done, and that's where RAIM and HPL (or an equivalent
protection system) comes in.

The way this is done is to program the receiver to calculate in real time, based on the actual satellite
geometry, a worst case scenario which provides an acceptable level of confidence that if a real fault
was to occur it would be detected. Note that we are not talking about detecting a fault right now, but
rather that we are protecting a region around the indicated position, just in case a fault should happen
at any time in the future. That potential fault may never occur, but we can be confident that if it did
that we are protected.

HPL provides for a number of “worst case” circumstances. As GPS position is a triangulation of
pseudo-range measurements from satellites, any ranging error from one of those satellites has the
potential to result in an inaccurate solution. A failure in the US GPS satellite system is any ranging
error greater than 150m, however as any position solution is a computation dependent on a number
of range measurements the ranging error would need to be significantly greater to be a problem. In
addition the HPL computation assumes that only the “worst” satellite fails, when in reality any one of
the satellites used in the position solution has equal probability of failure.
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The “worst” satellite would be one lower to the horizon as any ranging error will bias the lateral
position more than a satellite which is closer to overhead.

Depending on the date at which the receiver was manufactured, the HPL calculation may also assume
that Selective Availability is still active. Consequently when conducting RNP operations observers may
note differing “performance” displayed in the cockpit between aircraft operating in the same position
and time, where SA is assumed active in the HPL calculated by one aircraft and not active in another.
This effect also has a bearing on RNP availability prediction results.

Consequently there is some in-built conservatism in the computation of HPL.

For each phase of flight the maximum acceptable HPL is limited by a Horizontal Alarm Limit (HAL).
For stand-alone GPS receivers, the HAL for each phase of flight is fixed (0.3 approach, 1.0 terminal. 2.0
en-route). For other navigation systems, the limit can be selected by database or crew input. For
example, in an aircraft where the RNP is selectable, changing the RNP (in general) has the effect of
changing the limiting HPL, but this selection has no effect on the accuracy of the position.

From an operational approval perspective, it is important to understand that the GNSS position
solution is very accurate, and that the aircraft position is reliably defined by the very small navigation
system error and the relatively large flight technical error. Consequently operational considerations
should be based on the acknowledged accurate and reliable guidance available, rather than the
misconception that the actual position is randomly located within the area that is defined about the
intended flight path that we protect.

For example, when operating procedures rely on the alignment of an RNP approach with the landing
runway, we can be confident that the aircraft will reliably be on track.

At the same time we must also understand that despite the observed accuracy, that it is necessary to
provide an area of “protection” around the aircraft flight path, so that if at some time whether in the
next 30 seconds or 30years a satellite ranging fault of sufficient magnitude was to occur, that the
aircraft will be within the protected area, or a fault annunciate.

Integrity is our insurance policy and we do not operate without it in IFR aviation. But just as in day-to-
day life although we make sure our policy is paid up we do not run our lives based on our insurance
policies.

4.7 Integrity Alerting

For aviation applications, it is accepted that integrity is essential and therefore operations are
predicated on the availability of an integrity monitoring system, and the absence of an alert. However,
as discussed above the computed HPL will vary depending upon the geometry of the constellation and
the maximum value of HPL is determined by the HAL appropriate to the particular operation. If the
number of satellites in view is reduced, or the position of satellites is poor then the ability to detect a
potential fault reduces and the computed HPL consequently increases. If, for example, for the
particular phase of flight, the computed HPL exceeds the HAL, then the required level integrity is
determined to be not available, and an alert is generated.

Note: The condition HPL <HAL is only one example of a limiting integrity condition. There are a number of systems which
provide equal or better integrity monitoring which may not depend on HPL.
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Alerts vary depending upon the type of system, aircraft and avionics manufacturer, but typical alerts
are:

e RAIM NOT AVBL

e LOSS OF INTEGRITY

e UNABLE REQD NAV PERFORMANCE RNP

e GPS PRIMARY LOST
65234 T1As235

TERR POS

Fig 4.1: Alert annunciated on Boeing 737NG navigation display

4.8 Loss of Integrity Monitoring Function

Whilst it is accepted that integrity is fundamental to safe aviation operations, the unavailability of the
integrity monitoring function is not of itself an indication of a degradation of navigation accuracy.
Although both HPL and the computed position accuracy are both a function of satellite geometry, a
loss of integrity monitoring is not normally accompanied by an observed degradation in accuracy.
Integrity monitoring protects against a potential failure, and a loss of the integrity function means that
that protection is no longer available, not that a failure has necessarily occurred. The number of actual
satellite failures in the US GPS system is small given the number of years since commissioning.

In normal operations, where the safety of flight is affected (e.g. approach operations), a loss of
integrity protection is reason for discontinuation of a GNSS operation. However in an emergency
situation a loss of integrity monitoring is unlikely to be accompanied by a loss of navigation accuracy
and flight crews should exercise good judgement in selecting the best course of action given the
circumstances of the emergency.

4.9 Availability Prediction

Commonly receivers include a prediction function, but their use is limited as information on known or
planned satellite outages is not included. More accurate predictions are available from commercial
and State sources which include up to date information on the health of the constellation.
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Any prediction of availability needs to provide to the operating crew and dispatchers an accurate
indication that the aircraft can conduct a particular operation without an alert being generated.
Irrespective of the method used to predict availability it is the generation of a cockpit warning that
precludes the successful completion of an operation. Therefore it is advantageous to ensure that the
prediction method represents the aircraft alerting system as closely as possible.

The computation of availability is complicated by the variations in the methods used to provide
integrity protection. For basic stand-alone GNSS receivers, alerting limits are fixed (e.g. HPL < 0.3 in
approach mode), but for other installations integrity alerting is based on more complex analysis
and/or more sophisticated integrity monitoring systems. Consequently for accurate integrity
protection availability prediction the actual technique applicable to the particular aircraft and
navigation equipment must be applied. For RNP AR APCH operations, where a number of lines of RNP
minima may be available, availability prediction needs to be related to the various levels of RNP.

The prediction of the availability of a navigation service with integrity is useful as it permits the flight
crew or dispatcher to take into account the probability of a loss of service and plan an alternative
course of action such as delay, rescheduling or selection of an alternative means of navigation.

In some RNP systems, the required level of performance is able to be maintained for some time after
the loss of the GNSS signal, (normally with IRS coasting) and an alert is not annunciated until the
performance is computed to have reached the relevant limit. Advanced hybrid (IRS/GNSS) integrity
monitoring systems are able to provide GNSS position with integrity for long periods (e.g. 45 minutes)
after a loss of the GNSS signal.

4.10 Augmentation systems

The majority of Performance Based Navigation operations are able to be conducted using an
unaugmented GNSS signal in space. The general GNSS signal is sometimes referred to as an Aircraft
Based Augmentation System (ABAS) although this may lead to the misconception that some
correction is made to the basic GNSS signal.

The currently available augmentation systems rely on either Ground-Based augmentation (GBAS) or
Satellite Based augmentation (SBAS). GBAS relies on an array of receivers located close to the area of
operations and supports operations such as GLS (GBAS Landing System). In the United States GBAS is
referred to as the Local Area Augmentation system or LAAS. None of the PBN Manual operations
currently depend upon GBAS.

SBAS, which is represented in the United States by the Wide Area Augmentation System (WAAS),
employs additional geo-stationary satellites and a network of ground-based reference stations, in
North America and Hawaii, to measure small variations in the GPS satellites' signals in the western
hemisphere. Measurements from the reference stations are routed to master stations, which queue
the received Deviation Correction (DC) and send the correction messages to geostationary WAAS
satellites in a timely manner (every 5 seconds or better). Those satellites broadcast the correction
messages back to Earth, where WAAS-enabled GPS receivers use the corrections while computing
their positions to improve accuracy and integrity.

An SBAS system is capable of supporting all navigation specifications requiring GNSS. In addition an
SBAS system provides capability for Satellite based APV approach procedures which are classified in
terms of the PBN Manual as a type of RNP APCH operations. This type of approach operation is
referred to as Localiser Performance with Vertical guidance or LPV and provided ILS-like guidance to
a DA of not lower than 200ft. LPV operations are designed to be compatible with existing flight
guidance installations and provide lateral and vertical course guidance which varies in sensitivity with
distance from the runway, much like an ILS.
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Chapter 5 ROUTE DESIGN
5.1 Protected Area

PBN flight paths are protected by an area surrounding the intended flight path based upon the
navigation system performance, and other factors.

The protected area is used to assess clearance from terrain and obstacles, and may also be used to
establish lateral separation between routes. Details on the computation of protected areas are
contained in ICAO Doc 8168 PANS OPS Volume II and ICAO Doc 9905 RNP AR Procedure Design
Manual.

5.2 RNP AR APCH

RNP AR APCH route segments are protected by rectangular volume defined by a minimum obstacle
clearance (MOC) applied to distance 2 x RNP either side of track.

PLAN VIEW

l Course Centedine
4 RMNP

CROSS SECTION VIEW

2XRNP 2XR NP

i

MOC
Fm

Figure 5.1 RNP AR APCH Obstacle Clearance

5.3 RNP APCH

RNP APCH route segments are protected by variable lateral areas and a minimum obstacle clearance
(MOC) applied to primary and secondary areas. The lateral dimensions of the protected area are based
on 1.5 x the navigation tolerance associated with the segment plus a buffer value.
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MOC

‘ Secondary ‘ Primary Area ‘ Secondary ‘

Figure 5.2: Primary and Secondary Areas

Segment Navigation Tolerance | Buffer Value I(‘;iilzl ;fi()etf)?t'ci:ar::k)
Initial/intermediate 1.0 1.0 2.5

FAF 0.3 1.0 1.45

Final (MAPt) 0.3 0.5 0.95

Missed approach 1.0 0.5 2.0

Figure 5.3: Typical lateral protection values for RNP APCH (NM)

5.4 En-route and Terminal

RNAV and RNP terminal and en-route segments are protected in a similar manner to RNP APCH.
Lateral protection areas are defined by 1.5x the navigation accuracy plus a buffer value. Obstacle
clearance protection is not included in PANS-OPS for RNAV 10.

Navspec Navigation Tolerance | Buffer Value %:ittizeﬂ ;El%t(e)?tti:anck)
RNAV 51>30NM ARP 2.51 2 5.77

RNP 4 4 2 8

RNAV 1 (<15NM ARP) 1.0 0.5 2

RNP 1 (<15NM ARP) 1.0 0.5 2

1 Based on GNSS. Different values apply to DME/DME routes.

Figure 5.4: Typical lateral protection values for En-route & Terminal Navspecs (NM)
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Chapter 6 BAROMETRIC VERTICAL NAVIGATION
6.1 General

The PBN Manual does not include a navigation specification for Barometric Vertical Navigation
however Baro-VNAYV as it is commonly called, is integral to a number of PBN operations and warrants
discussion in this Manual. The PBN Manual includes an Attachment which provides guidance on the
application of Baro-VNAV.

Baro-VNAV has application in PBN operations for RNP AR APCH and RNP APCH. For RNP AR APCH
operations vertical guidance is currently dependent upon Baro-VNAV and is integral to this type of 3D
or APV operation. For RNP APCH operations vertical guidance is not mandated but may be achieved
by the use of Baro-VNAV. Other forms of vertical guidance for both RNP AR APCH and RNP APCH
operations (e.g. SBAS) are expected to become available.

6.2 Baro-VNAYV Principles

Barometric VNAV has been available for many years on a wide range of aircraft and was developed
essentially to permit management of climb, cruise and descent in the en-route and arrival/departure
phases of flight. More recently, Baro-VNAV systems have been adapted to provide vertical guidance in
the approach phase and specifically in the final approach segment permitting vertically guided
approach procedures, typically to a Decision Altitude as low as 75m (250ft).

There are a number of vertical navigation systems in use which provide some means of managing the
flight path in the vertical plane. However many such systems are not able to provide guidance along a
specific vertical flight path to a fixed point e.g. the runway threshold.

FAC FAF [RW27]
A
~ i N
TF TF

ﬁ ¢ [RW27]

Figure 6.1: Construction of Vertical Flight Path
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For Baro VNAV approach operations, the following elements are required:

e an area navigation system to enable distance to be determined to a waypoint which is the
origin of the vertical flight path;

e the vertical flight path angle from the origin waypoint (normally the runway threshold)
coded in the navigation database’

e abarometric air data system of sufficient accuracy;
e aflight guidance system able to provide vertical steering commands;
e cockpit control and monitoring displays.

Based on the distance to the origin of the vertical flight path, and the specified vertical flight path
angle, the FMS computes the required height above the runway threshold or touchdown point and
provides data to the aircraft flight guidance system and cockpit displays.

Although in some respects a baro VNAV guided approach procedure is similar to an ILS in operation, a
fundamental difference is that the actual vertical flight path is dependent upon measurement of air
density which changes with ambient conditions. Consequently the actual vertical flight path will vary
depending on the surrounding air mass conditions and the specified vertical flight path angle is
relevant only to ISA conditions. In anything other than ISA conditions the actual flight path angle will
be higher or lower than designed.

Temperature is the major factor and in temperatures above ISA the actual flight path will be steeper
than coded, and conversely below ISA temperatures will result in a lower flight path. Temperatures
below ISA are therefore of concern because the clearance above terrain or obstacles will be reduced.
Above ISA temperatures result in a steeper flight path which may lead to energy management issues.
Temperature variations will also in lack of correlation of the barometric vertical flight path with fixed
vertical flight path guidance provided by visual flight path guidance (VASIS) and ILS. Flight crew
training must include a study of barometric VNAV principles and the effects of temperature, so that
crews understand the variable nature of the barometric VNAV generated flight path.

Procedure design for approaches with barometric vertical guidance take in to account these effects
and maximum and minimum temperature limits may be published on approach charts to ensure
obstacle clearance is maintained and steep approach gradients are avoided. Some barometric vertical
navigation systems incorporate temperature compensation which enables the coded flight path angle
to be flown without variations due to temperature. For such systems, temperature limits may not

apply.

A number of barometric vertical navigation installations are limited by the cockpit indications and
may not be suitable for approach operations. Many such systems, while able to provide adequate
vertical navigation capability, were not designed with approach operations in mind and cockpit
displays provide indications of deviation from the vertical flight path which may be adequate for
climb, cruise and descent, but insufficient for monitoring of flight path in the approach phase.

As the vertical flight path is dependent upon the measurement of air density and the vertical flight
path is generated in relation to a barometric datum, any error in the setting of barometric pressure
result in a direct vertical error in the vertical flight path. An error in barometric subscale setting
results in a vertical shift of the flight path of 9m (30ft) per HPa. An error of 10 HPa therefore can cause
a vertical error throughout the approach of 90m (300ft). It is therefore necessary that the operational
approval includes an evaluation of cockpit altimeter setting procedures, and the use of other
mitigation systems such as RADALT and TAWS/EGPWS.
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The aircraft flies a descent path which is 390 fi

(13 ¥ 30 1t) below the required path. The barometric
information displayedtothe crew is incorrect. All
distance and barometric altitude checks during the
approach will be as perthe chart, except the altimeter
i5 380 ftin error.

Correct DA Using
QIWH = 1000 hPa

———— 1 B

-"i:__\\ﬂ\ircraft will fly to a DA which is 390 ft
(13 X 30 1t) below the correct DA
Figure 6.2: Effect of miss-set altimeter subscale on Baro-VNAV vertical path

6.3 Limitations of the Baro VNAV System
e Nonstandard temperature effect
e Subscale setting round down
e Miss set altimeter subscale

Non standard temperature effect.

During ISA atmospheric conditions the altimeter will read correctly and cause the aircraft to fly along
the design or nominal profile. If the temperature is above ISA the altimeter will under read causing the
aircraft to fly an actual profile which is above the nominal profile. The altimeter error is in the order of
4% per each 10 degrees of ISA deviation times the height above the airport reference datum. As the
altimeter error is related to height above the airport datum the vertical offset reduces as the aircraft
nears the threshold. Typically on an ISA +20 day the aircraft will be 20 feet above the nominal profile
at 250 feet reducing to only 4 feet at the threshold.

Similarly, for each 152 difference from ISA, the VPA will vary by approximately 0.22. i.e. on an ISA + 15
day the actual flight path angle for a 32 nominal VPA will be 3.22. Consequently, of the average
operating conditions differ significantly from ISA conditions it is useful to use VPA which will result in
an actual VPA in the most common conditions. In the case above, a design VPA of 2.82 would result in
an actual VPA close to 32 in average operating conditions.

If the atmosphere is below ISA the effect is reversed with the aircraft below the nominal profile by the
same amounts. It should be noted that this temperature effect is apparent on all approach which use
barometric altimetry to derive a profile. Inspectors should consider that whilst this effect is not new,
increased visibility of this effect should be considered during training where Baro VNAYV is intended to
be deployed.

Crews must understand this effect and be aware that a lack of harmonisation with visual approach
slope aids may occur, and indeed should be anticipated in temperatures which are non-standard.
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Subscale setting round down.

Air navigation service providers generally round subscale setting down. This has the effect of causing
altimeters to under read causing the aircraft to fly above and parallel to the nominal profile. The effect
is small but most pronounced when operating in HPA. If the tower read out is 1017.9 hPa the
aerodrome QNH will be reported as 1017. This will cause an above nominal path offset of 27 feet.
Inspectors should consider that whilst this effect is unlikely and small, increased visibility of this effect
must be considered during training where Baro VNAV is intended to be deployed.

Miss-set altimeter subscale.

Altimeter subscales can be miss-set for a variety of reasons. The effect has been previously discussed.
It is important to remember that this issue is not unique to Baro VNAV operations. Any approach
which relies on barometric information for profile will be affected by a miss-set altimeter subscale.

Depending on the aircraft equipment, there are a number of mitigators that contribute to reducing the
risks associated with miss-set altimeter subscale. Inspectors must consider the following mitigators
when evaluating baro VNAV operations and flight crew training.

Barometric VNAV Mitigators

Procedural Mitigators:

e Independent crew check when recording destination altimeter subscale setting.

o Effective crew procedures for setting local altimeter subscale setting at transition level.
Electronic Mitigators:

o Electronic alerting if altimeter subscale setting is not reset at transition.

e Electronic alerting of altimeter differences.

e Terrain Awareness System (TAWS) which incorporates terrain clearance floors along with an
accurate terrain model for the intended destination.

o Effective crew procedures in support of the TAWS alerts.
6.4 Aircraft Capability

Baro-VNAV systems in common use have normally been approved in accordance with airworthiness
requirements that were developed prior to the application of Baro VNAV systems to approach
operations. For example compliance with FAA AC 20-129 Airworthiness Approval of Vertical
Navigation (VNAV) Systems for use in the U.S. National Airspace system (NAS) and Alaska is commonly
used as the basis for the operational approval of Baro VNAV operations. The vertical navigation
accuracy values for the VNAV system, flight technical error and altimetry contained in such
documentation may not be considered sufficient to adequately demonstrate the required level of
capability, and operational approval may need to take into account other data, operating procedures
or other mitigations.
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Figure 6.3: In-service Baro-VNAV FTE data

Despite any perceived limitation in the airworthiness documentation, properly managed Barometric
VNAV operations in modern air transport aircraft have been demonstrated to provide a high standard
of flight guidance and the availability of positive vertical flight guidance offers significant
improvement in safety and efficiency over non-precision approach procedures.

Where documentation of barometric VNAV performance is considered insufficient, operational data
from in-service trials (e.g. in visual conditions) may be useful in determining the actual in flight
performance for some aircraft.

6.5 Flight Procedure Design

Although this Manual deals with operational approval, some basic knowledge of barometric VNAV
procedure design is necessary in order that operations are consistent with the assumptions made in
the design of approach procedures.

ICAO Doc 8168 PANS OPS and ICAO Doc 9905 RNP AR Procedure Design Manual provide criteria for
the design approaches using barometric vertical navigation. Baro VNAV criteria in PANS OPS is
applied to the design of RNP APCH procedures, and RNP AR Procedure Design Manual criteria is
applied to the design of RNP AR procedures.

The basis for VNAV design differs between PANS OPS and the RNP AR Procedure Design Manual.
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Figure 6.4: RNP APCH (LNAV/VNAV) Final Segment Obstacle Clearance

PANS OPS applies a fixed Minimum Obstacle Clearance (MOC) of 75m (246ft) to the VNAV flight path.
This MOC is assumed to provide sufficient clearance from obstacles to accommodate all the errors
associated with the ability of the aircraft to conform to the designed flight path. Adjustment to the
obstacle clearance surface to allow for low temperature conditions is also applied. No analysis of the
individual contributing errors including Flight Technical Error (FTE) is made. However guidance to
pilots is provided in Volume 1 of Doc 8168 which requires that FTE is limited to 50ft below the VNAV
profile. This value is not directly related to either the procedure design MOC or the aircraft capability.

RNP AR APCH procedures, which are designed in accordance with criteria in the RNP AR Procedure
Design Manual utilise a variable obstacle clearance below the VNAV flight path, called the Vertical
Error Budget (VEB). The VEB is computed as the statistical sum of the individual contributing errors,
including FTE, altimetry system error (ASE), and vertical angle error. The MOC is computed as 4 times
the standard distribution of the combination of all the errors. Except for some fixed values the errors
are combined by the root sum square method (RSS).

ertical Error
Budget {(VEE)

Figure 6.5: RNP AR APCH Vertical Error Budget

The value used for the 95% probability FTE is 23m (75ft). That is it is expected that an aircraft is
capable of following the defined VNAV path +/- 23m for 95% of the time. For most aircraft, the
manufacturer is able to provide data to show that this value can be met, and in many cases the
capability is much better. In some cases the applicant for operational approval may need to provide
|
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additional information, analysis or data to substantiate the capability meet the required level of FTE.
Despite the statistical computation of the VEB, the PBN Manual RNP AR APCH navigation specification
also requires that flight crews monitor vertical FTE and limit deviations to less than 23m (75ft) below
the VNAV profile. (Note: It is proposed that the limit on vertical FTE for RNP APCH operations is
amended to 23m/75ft to be consistent with RNP AR APCH operations.

6.6 Baro VNAV Operations

Baro VNAV operating procedures for RNP APCH and RNP AR APCH operations are fundamentally the
same, despite the differences in procedure design, and operators should be encouraged to adopt
common standards in the cockpit. The design of Baro VNAV approach procedures is applicable to the
final approach segment (FAS), and outside the FAS procedure design is based on minimum altitudes.
Consequently, while the aircraft’s barometric vertical navigation system is normally available for use
in all phases of flight, for an approach using Baro VNAV and all RNP AR APCH procedures, the aircraft
must be established on the vertical flight profile with the appropriate vertical navigation mode engage
prior to passing the FAF. (e.g. VNAV PATH or FINAL APP mode). Approach operations must not be
conducted using modes that are not coupled to the VNAYV flight path (e.g. VNAV SPD).

It is generally preferable that the aircraft is established on the vertical profile at some point prior to
the FAF and it is becoming increasingly common to nominate on an approach chart a point known as
the Vertical Intercept Point (VIP). The VIP location is best determined on a case by case basis by
negotiation between procedure designer, operators, and ATC. The VIP is useful in identifying to ATC
the latest point at which the aircraft needs to be established, and this concept is similar to the well
established air traffic control practice of establishing an aircraft on an ILS prior to the glide path
intercept point. ATC vectoring rules should also require that if an aircraft is taken off track, or is
vectored to join the approach inside the IAF, then both lateral and vertical tracking is established at
some distance (commonly 2NM) prior to the VIP.

As noted earlier, VNAV operating procedures must ensure that the correct altimeter subscale setting is
used.

While barometric VNAV operations provide significant safety benefits over non-precision approaches,
mismanagement of the VNAV function can introduce significant risk. During the operational approval
process great care and attention should be made to examine the VNAV system management, mode
control, annunciation and logic. Crews need to be well trained in recognising situations which can lead
to difficulty such as VNAV path capture (from above or below), speed and altitude modification, on
approach logic and other characteristics. In some installations, in order to protect the minimum
airspeed, mode reversion will cause the aircraft to pitch for airspeed rather than to maintain the flight
path and descent below the vertical flight path may not be obvious to the flight crew.

It is recommended that the final approach segment for barometric VNAV approach is flown with
autopilot coupled. Consideration should also be given to the manufacturer’s policy and the aircraft
functioning at the DA. In some cases lateral and vertical flight guidance remains available and
continued auto-flight below the DA is available. This can be of significant advantage, particularly in
complex, difficult or limited terrain and runway environments and continued accurate flight path
guidance is available below the DA, reducing potential deviations in the visual segment.

Other manufacturer’s (and States) adopt different policies and lateral and vertical flight guidance is
not available below the DA. The evaluation of crew procedures and training must include an
assessment of the effect that the loss of flight guidance has on safe operations, particularly where the
approach procedure does not conform to the normal design rules (e.g. offset final approach or non-
standard approach gradient.)
|
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Chapter 7 AIRCRAFT QUALIFICATION

7.1 Eligibility

In the process of issuing an operational approval for PBN, it is necessary to establish that the aircraft
and its navigation and other systems are suitable for the specific operation. For conventional
navigation, rules and processes exist for the design, manufacture, certification and operation of
navigation systems in accordance with well-established standards and practices. For PBN operations
it is less likely, especially given the recent development of the PBN Manual and State regulatory
documentation, that an aircraft is approved in the state of manufacture in accordance with the
requirements of a particular navigation specification.

Consequently it is often necessary to authorise PBN operations without the benefit of complete
airworthiness approval documentation, and this is an important step in the operational approval
process. It is important to understand that the lack of specific airworthiness certification does not
imply any lack of capability. All operational aircraft will as a matter of course be “airworthy” in the
general sense, however the specific airworthiness with regard to a particular PBN operation may not
have been completed. In such cases it is necessary to demonstrate that the aircraft is suitably
equipped and capable of the PBN operation. The terms “certification” and “approval” should be used
appropriately, and care needs to be taken not to confuse the two.

Operational approval needs to consider the capability, functionality, performance and other
characteristics of the navigation and other relevant flight systems against the requirements of the
particular PBN operation and determine that the operation is sound. In some cases operational
mitigations and alternative means of meeting the PBN Manual requirements may need to be examined
and approved. The term eligibility is used to describe the fundamental aircraft capability, however
considerable additional evaluation may be needed before an eligible aircraft is determined to be
adequate for the issue of an operational approval.

Following the development of the PBN Manual and relevant State regulatory material, a number of
manufacturers have or are in the process of obtaining airworthiness approval for PBN operations. In
such cases the operational approval process can be greatly simplified. It is expected that in due course
manufacturers will pursue PBN Manual compliant airworthiness approvals both for new and
previously certified aircraft.

A considerable number of aircraft may never, for engineering, economical or practical reasons, be able
to obtain airworthiness approval consistent with all PBN Manual navigation specifications. Despite
this, operational approval is frequently able to be achieved, by the implementation of operational
limitations, specific operating procedures, data collection, systems evaluation or trialling.

7.2 Aircraft Evaluation

The AFM will commonly include a statement of RNAV or RNP capability, which often leads to the
assumption that the aircraft is approved for a particular PBN operation. Unfortunately the basis upon
which a statement is included in an AFM is often not consistent with the PBN Manual, as many of the
terms, requirements, operating practices and other characteristics either differed or did not exist at
the time the AFM was issued.
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Consequently, unless the aircraft AFM specifically references relevant State airworthiness documents
consistent with the PBN Manual, additional information will need to be obtained to evaluate the
relevance of the AFM statement. In order to support PBN operational approval a number of
manufacturers provide additional information to support claims of PBN Manual compliance and
capability. Such supporting documentation may or may not be approved or endorsed by the State of
manufacture, and it may be necessary to contact the relevant authority to validate the manufacturer’s
claims.

It should also be noted that operational philosophies differ particularly in the management of non-
normal events, and that an airworthiness or operational approval granted on one State may not be
consistent with the practice in another region. For example in the US greater emphasis is place on
crew procedures in the management of non-normal events, whereas in Europe emphasis tends to be
placed on engineering solutions.

7.3 Functionality

An area of aircraft capability that generally involves some attention during the operational approval
process is the evaluation of navigation functionality, and cockpit control, display, and alerting
functions. Many area navigation systems were designed and installed at a time when some of the PBN
applications were not envisioned, and the need for certain functionality was not considered necessary.
These circumstances do not mean that the installed equipment is not capable of PBN operations but in
some cases the design is such that the minimum requirements of the PBN Manual may not be available
as installed.

For example, a cross-track indication in the form of a Course Deviation Indicator (CDI) or Horizontal
Situation Indicator (HSI) enabling accurate monitoring of cross-track deviation may not have been
considered necessary at the time of certification. An avionics upgrade may be available to meet the
later requirements of the PBN Manual, but in some aircraft for a variety of technical or economic
reasons this may not be possible.

RNP PROGRESS
1.8 ARC R GP
134/

RNP/AACTUML

—o-070—89NH

XTK ERRDR YERT DEY
B.21HNH 1R LD

RNP--APPRDAMCH
g0 ,38NH

Figure 7.1: Cross-track and Vertical Deviations shown on Control and Display Unit
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>

The aircraft evaluation therefore needs to consider the options available to meet the intent of the PBN
Manual navigation specification, in circumstances where the specified functionality may simply be
unavailable. In the example above (CDI), the objective is to ensure that a particular level of cross-track
accuracy can be monitored and if alternative means are available, such as a crew procedures to
monitor another source of cross-track deviation, then operational approval should not be
unreasonably withheld.

Fig 7.2: Example of cross-track deviation display in 1/10th NM

In determining that the alternative means is acceptable, the applicant may be required to demonstrate
(e.g. in a simulator), that the procedure is satisfactory, taking into account all other relevant factors.
Alternatively some operational limitation (e.g. limiting RNP) may be applied in order to demonstrate
an equivalent level of safety.

For more detail refer to Part 2 for functionality associated with individual Navspecs.
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Chapter 8 FLIGHT CREW TRAINING
8.1 General

The amount and type of training required for flight crews varies significantly depending upon a
number of factors including;

e Previous training and experience
o Complexity of operations
e Aircraft equipment

Consequently it is not possible to specify for each of the PBN Manual navigation specifications the
particular training that will be required, and some judgement is required in determining the content
and structure of flight crew training. The navigation specifications in the PBN Manual cover a wide
range of operations, from basic to complex and that training needs to be appropriate to the particular
circumstances.

Each navigation specification includes guidance on flight crew training although it should be noted
that the training specified for each operation is generally considered independently. It should be
recognised that the PBN Manual is a compilation of guidance material, some of which has been in
existence in other forms for some number of years, and the training requirements may not be entirely
consistent across the range of navigation specifications.

For en-route operations, ground training is commonly sufficient to provide crews with the necessary
knowledge. Delivery methods will vary, but classroom training, computer based training or in some
cases desk-top simulator training is normally sufficient.

Arrival and departure operations and particularly approach operations normally will also require
some flight simulator training, in addition to ground training and briefings.

Consideration should also be placed upon the need for flight crews to demonstrate that competency
standards are achieved and the means of documentation of qualification.

8.2 Knowledge requirements

For all PBN operations the following areas of knowledge will need to be included, with varying
content and complexity depending upon the particular operations.

Area navigation principles. Area navigation is the basis for all PBN operations, and the same general
knowledge is applicable to all navigation specifications. Note that pilots with previous experience may
not be familiar with some more advanced features such as Radius to Fix legs (RF) and the application
of vertical navigation.

Navigation system principles. Flight crews should have a sound knowledge of the navigation system to
be used. The relevance of the navigation system to particular PBN Manual navigation specifications
should be clearly established. For example knowledge of inertial navigation and updating is relevant
to requirements for some oceanic and remote navigation specifications, as is knowledge of GNSS is
necessary for RNP AR APCH operations.

Equipment operation and functionality. Considerable variation exists in the operation of navigation
equipment, cockpit controls, displays and functionality. Crews with experience on one type of
installation or aircraft may require additional training on another type of equipment. Special attention
should be placed on the differences between stand-alone GNSS equipment and Flight Management
Systems with GNSS updating.
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Flight planning Knowledge of the relevant aspects of each of the navigation specifications that relate to
flight planning is required.

Operating procedures. The complexity of operating procedures varies considerably between PBN
operations. RNP APCH and RNP AR APCH require a detailed knowledge of standard operating
procedures for both normal and non-normal operations.

Monitoring and alerting. Flight crew responsibilities for performance monitoring and alerting
provided by the navigation system or other means (crew procedures) must be understood.

Limitations. Operating limitations (e.g. time limits, minimum equipment) vary both between and
within the PBN Manual navigation specifications and flight crews need to be able to recognise and
plan accordingly.

Contingencies Alternative means of navigation or other contingency procedures must be included.

Air Traffic Control procedures. Flight crews need to be aware of ATC procedures that may be applicable
to PBN operations.

8.3 Flight Training requirements

Approach and departure operations, and in some cases arrivals require flight training and the
demonstration of flight crew competency.

The amount of flight training required varies with the PBN operation, previous flight crew training
and experience and other factors. In the course of operational approval all relevant circumstances
need to be considered and the training evaluated for completeness and effectiveness. Ongoing and
recurrent training should also be considered.

Despite the variation in training requirements, some general guidelines may be helpful in evaluating
the extent of training that might be required. Some examples of “average” cases are included below.
These examples assume that flight crews have previous relevant experience, and have completed
knowledge training curriculum.

En-Route: In general flight training is not required.

Arrival & Departure: ~ As departure and arrival operations require strict adherence to track during
periods of higher workload, and are associated with reduced clearance from terrain and increased
traffic, crews need to be fully conversant with the operation of the navigation system. Consequently,
unless crews have significant appropriate operational experience simulator or flight training must be
provided. Particular care should be taken in the evaluation of this type of operation conducted with
stand-alone GNSS equipment where functional limitations require crew intervention.

RNP APCH: Training for RNP APCH conducted using stand-alone GNSS equipment, particularly in a
single-pilot aircraft normally requires multiple in-flight exercises each with pre-flight and post-flight
briefing. Considerable attention needs to be given to programming and management of the navigation
system, including in-flight re-programming, holding, multiple approaches, mode selection and
recognitions, human factors and the navigation system functionality.
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Approaches conducted in FMS equipped aircraft, are generally much easier to manage and aircraft are
generally fitted with good map displays assisting situational awareness. Normal operations are
generally quite simple and competency can be achieved with one or two approaches. Additional
training should be provided to achieve familiarity and competency in operations which involve
changes to the planned approach, system alerting and missed approach requirement. Attention also
needs to be placed on the method of vertical navigation, using standard non-precision approach
procedures (LNAV) or barometric VNAV (LNAV/VNAV). As a guide initial training for crews with
previous relevant GNSS & RNAV experience typically can achieve competency during one full flight
simulator training session with associated pre-flight and post flight briefing.

RNP AR APCH: RNP AR APCH operations are able to deliver improvements in safety and efficiency
which are enabled by the Authorisation required process which ensures that all areas of the operation
are carefully examined and appropriate attention placed on all aspects of the operation including
training. Accordingly training for RNP AR APCH operations should be thorough and ensure that crews
are able to manage operations safely within the additional demands placed on procedure design,
aircraft and crew procedures.

As a guide, crews without previous relevant experience (e.g. RNP APCH with Baro VNAV), may require
a course of ground training (1 - 2 days) plus simulator flight training (4hrs or more) in order to
achieve competency.

Additional information regarding flight crew knowledge and training is included in PART 2.
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PART -2  PBN OPERATIONAL APPROVALS
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Chapter 1 Overview
1.1 General

In this Part guidance is provided to assist Kuwait DGCA inspectors in the evaluation of an application
for PBN Operational Approval for each of the PBN Manual Navigation Specifications.

The PBN Manual contains a statement of the operational requirements for each type of operation, and
while it is necessary that the Operational Approval evaluation determines that the proposed operation
meets the minimum requirements, it is also necessary that an assessment is made of the operator’s
capability to meet the operational intent of the particular navigation specification.

It should be noted that each of the PBN Manual navigation specifications has a history of its own and
the minimum requirements have originated over differing time frames and in some cases
geographical operating requirements. In the development of the PBN manual it has not been possible
to correlate all requirements of the individual navigation specifications and some inconsistencies may
be noted between specifications.

Operations approval inspectors who have a good understanding of the underlying principles, intent
and application appropriate to each of the navigation specifications should be able to manage any
such limitation in the PBN Manual without difficulty.

1.2 Responsibility for Operational Approval Evaluation

Overall responsibility for the evaluation of an operational approval application will be assigned to a
Flight Operations Inspector (FOI), who is (where possible) experienced and trained in PBN
operations. The assigned inspector should have access to other specialist expertise where required.

It should be recognised that PBN is an operational concept and the primary task is to determine that
the applicant’s operating practices, procedures and training are adequate. Although some evaluation
of aircraft eligibility and airworthiness is required during the operational approval process, PBN
operational approval is not primarily an airworthiness task.

In some cases, particularly where documentation is available to demonstrate the aircraft eligibility,
the FOI may be satisfied that any airworthiness issues are addressed and assistance from
airworthiness experts may not be necessary. However in most cases issues of configuration control,
ongoing maintenance, minimum equipment lists, training of maintenance personnel etc., should be
assessed by qualified airworthiness inspectors in consultation with the FOI.

1.3 Issue of Approval

Depending upon the legislative and organisational structure within each State, the method of issue of
an operational approval will vary, although in most cases the approval will consist of the issue of an
operations specification (OPSPEC) or a letter of approval.

OPSPECs should be annotated as shown in the table below to show the individual PBN operational
approvals granted. The remarks as noted should also be included on the OPSPEC to assist in
identifying existing approvals which are equivalent to PBN navigation specifications. For example, it
should be noted (as shown) that an RNAV 5 approval is applicable in B-RNAV airspace. This will assist
regulators to recognise and accept OPSPECs issued in accordance with PBN navigation specifications
and help to avoid misunderstandings as the transition is made to the global adoption of PBN. .
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OPERATIONS SPECIFICATIONS
(subject to the approved conditions in the Operations Manual)
Issuing Authority Contact Details.
Telephone: ; Fax: ; E-mail:
AOCH: Operator Name: Date: Signature:
Trading Name
Aircraft Model:
Types of operation: Commercial air transportation O Passengers; O Cargo; O Other:...coueeeas
Area of operation:
Special Limitations:
Special Authorizations:| Yes | No Specific Approvals Remarks
Dangerous Goods O O
Low Visibility
Operations
Approach and Landing | O O CAT .... RVR: m DH: ft
Take-off | O a RVR: m
RVSM O N/A O O
ETOPS [ N/A O O Maximum Diversion Time: minutes
Navigation 0 RNP 10
Specifications for PBN
Operations RNAV 5 Also valid for B-RNAV
routes
RNAV 1 and RNAV 2 Also valid for P-RNAV
routes
RNP 4
Basic RNP 1
RNP APCH [LNAV, LNAV/VNAV, | 'List approach types
LPV, LP]t approved.
RNP APCH [LNAV]
also  valid for
approach procedures
designated as RNAV
RNP AR APCH (GNSS)
Continuing
Airworthiness
Others O O
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However issued approval will commonly include conditions, as PBN operations may be conducted
using a variety of aircraft, systems and procedures which have yet to be universally standardised.

It is not necessary to issue separate airworthiness and operational approvals for PBN operations. The
operational approval is issued on the basis that an assessment is made on the airworthiness aspects of
the operation.

1.4 Job Aids

Job aids (included in Part 3) have been developed to assist Kuwait DGCA inspectors in managing the
process of PBN operational approvals. The job aids provide both inspectors and operators with
guidance on the documentation required to be included in an operator’s application, and the items
that must be assessed by the FOI in order for an operational approval to be issued. The job aids also
serve as means of recording the documentation process.

The job aids summarise the key elements to be assessed, and should be used as a guide to the
approval process but frequent reference to the ICAO PBN Manual (DOC 9613) and State of Kuwait PBN
Operational Approval Manual will be required to identify detailed requirements for approval.

1.5 Using the Job Aids

Job aids are divided into four sections as follows:

SECTION 1 - INFORMATION ON AIRCRAFT AND OPERATOR IDENTIFICATION contains the general
information identifying the operator and aircraft applicable to the particular application. This section
should be completed by the applicant. In general a PBN operational approval can be issued according
to aircraft type and model and it is not necessary to identify specific aircraft by registration marks or
serial number unless there are significant differences in installed equipment in the operator’s fleet.

SECTION 2 - OPERATOR APPLICATION (ITEMS AND DOCUMENTS) identifies the documentation that
the operator must provide in support of the application. As full documentation is necessary for the
Kuwait DGCA inspector to conduct a comprehensive assessment, applications which are not
supported by adequate documentation should be referred back to the operator before the detailed
assessment of an application is commenced.

The applicant should insert in the column headed “Indication of inclusion by the operator” the relevant
references in the applicant’s supporting documentation that demonstrate compliance.

The inspector, after assessing the information provided by the applicant, completes the “Comments by
the Inspector” column by noting as follows:

1) Satisfactory
2) Additional information required, including items which require further action

3) Other comments

SECTION 3 - GUIDE FOR DETERMINING AIRCRAFT ELIGIBILITY provides the inspector with guidance
on the basis for establishment of compliance with the PBN Manual aircraft eligibility requirements.
The applicant should identify the specific reference(s) in the operator’s documentation that
demonstrate compliance with each requirement. Where there are more than one means of compliance
the applicant should note Not Applicable where appropriate.
|
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SECTION: PART 2 - PBN OPERATIONAL APPROVALS

The DGCA inspector must indicate in the comments column as follows:
1) Compliant
2) Partially compliant, including items which require further action
3) Not compliant
4) Other remarks

Where applicable the inspector should attach a statement supporting the assessment including any
remarks relevant to the assessment including any alternative means of compliance, conditions related
to the approval or reasons for assessing the application as non-compliant.

SECTION 4 - PROCEDURES FOR PBN OPERATIONS provides a checklist to identify that the operator’s
procedures meet the requirements for the specific PBN operation. The operator must identify that
each requirement is appropriately documented and applied to the conduct of the particular PBN
operation. Procedures must be contained in the operator’s Flight Crew Training Manual, Flight Crew
Operations Manual, checklists, and instructions to operational personnel or equivalent documents.
Where appropriate, reference may be made to manufacturer documentation provided that
operational personnel have ready access to relevant documents.

All items on the job aid must be identified as satisfactory or compliant (subject to any appropriate
conditions or approved exemptions) before an operational approval is issued.
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SECTION: PART 2 - PBN OPERATIONAL APPROVALS

Chapter 2 RNAV 10
2.1 General

RNAV 10 operations have been, prior to the development of the PBN concept authorized as RNP 10
operations. An RNAV 10 operational approval does not change any requirement nor does it affect
operators that have already obtained an RNP 10 approval.

RNP 10 was developed and implemented at a time when the delineation between RNAV and RNP had
not been clearly defined. As the requirements for RNP 10 did not include a requirement for on-board
performance monitoring and alerting, it is more correctly described as an RNAV operation and hence
the inclusion in the PBN Manual as RNAV 10.

Recognising that airspace, routes, airworthiness and operational approvals have been designated as
RNP 10, further declaration of airspace, routes, and aircraft and operator approvals may continue to
use the term RNP 10, while the PBN Manual application will be known as RNAV 10.

RNAV 10 is applicable to operations in oceanic and remote areas and does not require any ground-
based navigation infrastructure or assessment.

2.2 ATS communications and surveillance

The PBN Manual does not address communication or air traffic services (ATS) surveillance
requirements that may be specified for operation on a particular route or area. These requirements
are specified in other documents, such as the aeronautical information publications (AIP) and ICAO
Regional Supplementary Procedures (Doc 7030). An operational approval conducted in accordance
with the requirements of the PBN Manual assumes that operators and flight crews take into account
all the communication and surveillance requirements related to RNP 10 routes.

2.3 Summary

As RNAV 10 is intended for use in oceanic and remote areas the navigation specification is based on
the use of Long Range Navigation Systems. A minimum of two LRNs is required for redundancy.

Commonly available LRNs are:

e INS
e IRS
e GNSS
The most common combinations of dual LRNs are:
e Dual INS
e Dual IRS
e Dual GNSS

e GNSS/IRS (IRS updated by GNSS)
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SECTION: PART 2 - PBN OPERATIONAL APPROVALS

Inertial systems (unless updated by GNSS) are subject to a gradual loss of position accuracy with time
(drift rate) and therefore are subject to a maximum time limit in order to meet the RNAV 10 accuracy
requirement. The basic time limit is 6.2 hrs, but this may be extended by updating or by
demonstration of reduced drift rate (<3.7km/2NM per hr.)

GNSS position is continuously updated and not subject to any time limit. However GNSS is subject to
some operational limitations that impact on oceanic and remote navigation.

The minimum level of GNSS receiver (TSO C129) is capable of fault detection (FD) but will not provide
a navigation solution if a fault is detected. Consequently, no matter how many serviceable satellites
are available, the continued availability of GNSS cannot be assured and is therefore this standard of
GNSS is unsuitable for oceanic and remote navigation. In order to be approved for oceanic and remote
applications a GNSS receiver must be capable of excluding a faulty satellite from the solution (Fault
detection and Exclusion/FDE) so that continuity of navigation can be provided. FDE is standard for
GNSS receivers based on later TSO C145A/146A standards and is available as an option or
modification for TSO C129( ) receivers. Consequently, where a TSO C129 () GNSS is used to satisfy the
requirement for one or both of the LRNs it needs to be determined that the receiver is capable of FDE
and approved for oceanic/remote operations.

Despite the GNSS receiver capability for FDE, the satellite constellation may not always be adequate to
provide sufficient satellite for the redundant navigation solutions to be computed in order to identify
and eliminate a faulty satellite from the position solution, and in such situations FDE is not available.
In order to limit the exposure to the potential loss of a navigation solution due to unavailability of FDE,
a prediction of satellite availability is required, and the maximum period during which FDE is
predicted to be unavailable is 34 minutes. This time limit is based on the assumption that should a
fault occur during a period when FDE is unavailable, then navigation accuracy is reduced (DR).

For an IRS/GNSS system the same 34 minute time limit is also applied to a loss of FDE.

Due to the time limitations applicable to INS or IRS the operator needs to evaluate the route(s) to be
flown to determine that RNAV 10 capability can be satisfied. Accordingly an RNAV 10 operational
approval is not universal for aircraft without GNSS and needs to apply to specific routes or be subject
to the operator’s procedures for route evaluation.

As inertial position accuracy slowly deteriorates over time since update, for aircraft with INS or IRS
only, some attention needs to be placed on radio updating. Aircraft equipped with a Flight
Management System normally provide automatic radio updating of inertial position. Automatic
updating is normally considered adequate in such circumstances, provided the aircraft is within a
reasonable distance of the radio aids at the point at which the last update is expected. If any doubt
exists then the operator should be required to provide an analysis of the accuracy of the update.

Manual updating is less common, and the operational approval needs to be based on a more detailed
examination of the circumstances. Guidance is provided in the PBN Manual.

2.4 Operating Procedures

The standard operating procedures adopted by operators flying on oceanic and remote routes should
normally be generally consistent with RNAV 10 operations, except that some additional provisions
may need to be included to specifically address RNAV 10 operations.

A review of the operator’s procedure documentation against the requirements of the PBN Manual and
the State of Kuwait regulatory requirements should be sufficient to ensure compliance.
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SECTION: PART 2 - PBN OPERATIONAL APPROVALS

The essential elements to be evaluated are that the operator’s procedures ensure that:

e The aircraft is serviceable for RNAV 10 ops

RNAV 10 capability is indicated on the flight plan

Route limitations are defined and observed (e.g. time limits)

En-route loss of capability is identified and reported
e Procedures for alternative navigation are described

GNSS based operations also require the prediction of FDE availability. Most GNSS service prediction
programs are based on a prediction at a destination and do not generally provide predictions over a
route or large area. However for RNAV 10 operations the probability that the constellation cannot
support FDE is remote and this requirement can be met by either a general route analysis or a
dispatch prediction of satellite availability. For example a specified minimum satellite constellation
may be sufficient to support all RNAV 10 operations without specific real-time route prediction being
required.

2.5 Pilot Knowledge and Training

Unless the operator is inexperienced in the use of RNAV, flight crews should possess the necessary
skills to conduct RNAV 10 operations with minimal additional training.

Where GNSS is used, flight crews must be familiar with GNSS principles related to en-route navigation.

Where additional training is required, this can normally be achieved by bulletin, computer based
training or classroom briefing. Flight training is not normally required.
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Chapter 3 RNAV 5

31 General

In the context of the terminology adopted in the PBN Manual, B-RNAV requirements are termed
RNAV 5.

B-RNAV approval meets the requirements of RNAV 5 without additional examination.

RNAV 5 is intended for en-route navigation where there is adequate coverage of ground-based radio
navigation aids permitting DME/DME or VOR/DME area navigation operations.

Consequently an RNAV 5 route is dependent upon an analysis of the supporting navaid infrastructure.
However consideration of navaid coverage is not part of an operational approval as this is the
responsibility of the air navigation service provider.

3.2 Summary

e Asingle RNAV system only is required.

e A navigation database is not required. Manual entry of waypoint data is permitted, but is
subject to human error.

e Storage of a minimum of 4 waypoints is required
e Navigation system alerting is not required.

e Navigation displays in the pilot’s forward view must be sufficient to permit track following
and manoeuvring.

e The maximum cross-track error deviation permitted is 2.5NM

e An RNAV system failure indication is required.
3.3 INS or IRS

An INS or IRS system may be used for RNAV 5. If automatic radio updating is not carried out a time
limit of 2 hrs applies from the last on ground position update, unless an extended limit has been
justified.

3.4 GNSS

GNSS approved in accordance with ETSO C129(A), FAA TSO C129 (A) or later meets the requirements
of RNAV 5. Stand-alone receivers manufactured to ETSO C129 or FAA TSO C129 are also applicable
provided they include pseudo-range step detection and health word checking functions.

GNSS based operations require prediction that a service (with integrity) will be available for the route.
Most GNSS availability prediction programs are computed for a specific location (normally the
destination airport) and are unable to provide predictions over a route or large area. However for
RNAV 5 the probability of a loss of GNSS integrity is remote and the prediction requirement can
normally be met by determining that sufficient satellites are available to provide adequate continuity
of service.
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35 Operating procedures

For most operators normal RNAV operating procedures will meet the requirements of RNAV 5.
The essential elements to be evaluated are that the operator’s procedures ensure that:

e The aircraft is serviceable for RNAV 5

e RNAV 5 capability is indicated on the flight plan

e En-route loss of capability is identified and reported

e Procedures for alternative navigation are described

If the navigation system does not use a navigation database manual waypoint entry significantly
increases the potential for navigation errors. Operating procedures need to be robust to reduce the
incidence of human error, including cross-checking of entry, checking of tracks/distances/bearings
against published routes and general situational awareness and checking for reasonableness.

Where navigation data is not extracted from a valid database, operations should be limited to not
below the minimum obstacle clearance altitude.

As RNAV 5 operations are typically conducted in areas of adequate navaid coverage, contingency
procedures will normally involve reversion to conventional ground-based radio navigation.

3.6 Pilot Knowledge and Training

Unless the operator is inexperienced in the use of RNAV, flight crews should possess the necessary
skills to conduct RNAV 5 operations with minimal additional training.

Where GNSS is used, flight crews must be familiar with GNSS principles related to en-route navigation.
Where additional training is required, this can normally be achieved by bulletin, computer based
training or classroom briefing. Flight training is not normally required.

3.7 Operational Approval

The operational approval process for RNAV 5 is generally straightforward, given that most aircraft are
equipped with RNAV systems which exceed the minimum requirements for RNAV 5.

In most cases the AFM will document RNAV 5 capability and only occasionally will it be necessary to
conduct an evaluation of aircraft capability.
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Chapter 4 RNAV 1 and 2

4.1 General

RNAV 1 and 2 navigation specifications constitute harmonization between European Precision RNAV
(P-RNAV) and United States RNAV (US-RNAV) criteria.

The RNAV 1 and RNAV 2 navigation specification applies to:
e all ATS routes, including those established in the en-route domain;
e standard instrument departures and arrivals (SID/STAR); and
e instrument approach procedures up to the final approach fix (FAF)/final approach
point (FAP).

As RNAV 1 and 2 operations can be based on DME/DME or DME/DME IRU, the navaid infrastructure
must be assessed to ensure adequate DME coverage. This is the responsibility of the ANSP and is not
part of the operational approval.

There is no difference in the operational approval for RNAV 1 and RNAV 2, and a single RNAV 1 and 2
approval only is issued. An operator with an RNAV 1 and 2 approval is qualified to operate on both
RNAV 1 and RNAV 2 routes. RNAV 2 routes may be promulgated in cases where the navaid
infrastructure is unable to meet the accuracy requirements for RNAV 1.

4.2 Operational Approval

For operators holding either a P-RNAV approval or a US-RNAV approval or both the operational
approval is relatively simple and minimal regulatory effort is required.

However, as there are some small differences between the existing European and US specifications,
migration to RNAV 1 and 2 approval is not automatic unless the operator holds both US and European
approvals.

Operators holding both P-RNAV and US-RNAV approvals qualify for an ICAO RNAV 1 and 2 operational
approval without further examination.

For operators holding only a P-RNAV approval, or a US-RNAV approval, it is necessary to ensure that
any additional requirements for RNAV 1 and 2 are met. The PBN Manual provides tables identifying
these additional requirements.

Operators not holding a B-RNAV or US-RNAV approval need to be evaluated to determine that they
meet the requirements for RNAV land 2.

It should be noted that there is no obligation on an operator to obtain an RNAV 1 and 2 approval or to
migrate an exiting approval to ICAO RNAV 1 and 2 if their existing approval is applicable to the area of
operation. Operators that operate only in P-RNAV airspace or only in US-RNAV airspace can continue
to do so in accordance with a P-RNAV or US-RNAV approval respectively.

4.3 Summary

For RNAV 1 and 2 operational approval:
e Asingle RNAV system only is required.
e The RNAV system may be based on:
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e DME/DME

e DME/DME/IRU

e GNSS (including GNSS/IRU)
e A navigation database is required.

e Navigation displays in the pilot’s forward view must be sufficient to permit track following
and manoeuvring.

e The maximum cross-track error deviation permitted is %2 navigation accuracy
e 0.5NM for RNAV 1
e 1.0 NM for RNAV 2

An RNAV system failure indication is required.
44  GNSS

GNSS approved in accordance with ETSO C129(A), FAA TSO C129 (A) or later meets the requirements
of RNAV 1 and 2.

Stand-alone receivers manufactured to ETSO C129 or FAA TSO C129 are also applicable provided they
include pseudo-range step detection and health word checking functions.

GNSS based operations require prediction that a service (with integrity) will be available for the route.
Most GNSS availability prediction programs are computed for a specific location (normally the
destination airport) and are unable to provide predictions over a route or large area. However for
RNAV 1 and 2 the probability of a loss of GNSS integrity is remote and the prediction requirement can
normally be met by determining that sufficient satellites are available to provide adequate continuity
of service.

The PBN Manual makes reference to the possibility of position errors caused by the integration of
GNSS data and other positioning data and the potential need for deselection of other navigation
sensors. This method of updating is commonly associated with IRS/GNSS systems and the weighting
given to radio updating is such that it is unlikely that any potential reduction in positioning accuracy
will be significant in proportion to RNAV 1 and 2 navigation accuracy.

4.5 Functionality
The PBN Manual lists the functional requirements for RNAV 1 and 2.

For the majority of air transport aircraft equipped with FMS, the required functionalities, with the
exception of the provision of a non-numeric lateral deviation display are normally available. For this
category of aircraft lateral deviation is displayed on a map display, usually with a numeric indication
of cross-track error in 1/10th NM. In some cases a numeric indication of cross-track error may be
provided outside the primary field of view (e.g. CDU). Acceptable lateral tracking accuracy for both
RNAV 1 and RNAV 2 routes is adequate provided the autopilot is engaged or flight director is used.

Aircraft equipped with stand-alone GNSS navigation systems, should be installed to provide track
guidance via a CDI or HSI. A lateral deviation display is often incorporated in the unit, but is commonly
not of sufficient size nor suitable position to allow either pilot to manoeuvre and adequately monitor
cross-track deviation. Caution should be exercised in regard to the limitations of stand-alone GNSS
systems with respect to ARINC 424 path terminators. Path terminators involving an altitude
termination are not normally supported due to a lack of integration of the lateral navigation system
and the altimetry system.
|
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For example, a departure procedure commonly specifies a course after take-off until reaching an
specified altitude (CA path terminator). Using a basic GNSS navigation system it is necessary for the
flight crew to manually terminate the leg on reaching the specified altitude and then navigate to the
next waypoint, ensuring that the flight path is consistent with the departure procedure. This type of
limitation does not preclude operational approval (as stated in the PBN Manual functional
requirements) provided the operator’s procedures and crew training are adequate to ensure that the
intended flight path and other requirements can be met for all SIDs and STAR procedures.

4.6 Operating procedures

Operators with en-route RNAV experience will generally meet the basic requirements of RNAV 1 and 2
and the operational approval should focus on procedures associated with SIDs and STARs. Particular
attention should be placed on selection of the correct procedure from the database, review of the
procedures, connection with the en-route phase of flight and the management of discontinuities.
Similarly an evaluation should be made of procedures manage selection of a new procedures,
including change of runway, and any crew amendments such as insertion or deletion of waypoints.

As RNAV 1 and 2 operations are typically conducted in areas of adequate navaid coverage,
contingency procedures will normally involve reversion to conventional ground-based radio
navigation.

4.7 Pilot Knowledge and Training

During the operational approval, particular attention should be placed on the application of the pilot
knowledge and training to the conduct of RNAV 1 and 2 SIDs and STARs. Most crews will already have
some experience RNAV operations, and many of the knowledge and training items will have
previously been covered in past training.

Execution of SIDs and STARs, connection with the enroute structure and transition to approach
procedures require a thorough understanding of the airborne equipment, and its functionality and
management.

Particular attention should be placed on:

e The ability of the airborne equipment to fly the designed flight path. This may involve pilot
intervention where the equipment functionality is limited

e Management of changes (procedure, runway, track)
e Turn management (turn indications, airspeed & bank angle, lack of guidance in turns)
¢ Route modification (insertion/deletion of waypoints, direct to waypoint)

e Intercepting route, radar vectors
Where GNSS is used, flight crews must be trained in GNSS principles related to en-route navigation.

Flight training for RNAV 1 and 2 is not normally required, and the required level of competence can
normally be achieved by classroom briefing, computer based training , desktop simular training, or a
combination of these methods. Computer based simulator programs are available from a number of
GPS manufacturers which provide a convenient method for familiarity with programming and
operation of stand-alone GNSS systems.

Although not specifically mentioned in the PBN Manual RNAV 1 and 2 navigation specification, where
VNAV is used for SIDs and STARs attention should be given to the management of VNAV and
specifically the potential for altitude constraints to be compromised in cases where the lateral flight
path is changed or intercepted.
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Chapter 5 RNP 4
5.1 General

RNP 4 is a navigation specification applicable to oceanic and remote airspace, and supports 30NM
lateral and 30NM longitudinal separation.

5.2 Operational Approval

Operators holding an existing RNP 4 operational approval do not need to be re-examined as the PBN
Manual requirements are essentially unchanged.

5.3 ATS communications and surveillance

The PBN Manual does not address communication or air traffic services (ATS) surveillance
requirements that may be specified for operation on a particular route or area. These requirements
are specified in other documents, such as the aeronautical information publications (AIP) and ICAO
Regional Supplementary Procedures (Doc 7030). An operational approval conducted in accordance
with the requirements of the PBN Manual assumes that operators and flight crews take into account
all the communication and surveillance requirements related to RNP 4 routes.

5.4 Summary

For RNP 4 operational approval:

e Two long range navigation systems are required
e Atleast one GNSS receiver is required
e Anavigation database is required.

e Navigation displays in the pilot’s forward view must be sufficient to permit track following
and manoeuvring

e The maximum cross-track error deviation permitted is 2ZNM
5.5 GNSS

GNSS is fundamental to the RNP 4 navigation specification, and carriage avoids any need to impose a
time limit on operations. The consequences of a loss of GNSS navigation need to be considered and
there are a number of requirements in the navigation specification to address this situation.
Irrespective of the number of GNSS receivers carried, as there is a remote probability that a fault may
be detected en-route, a fault detection and exclusion (FDE) function needs be installed. This function
is not standard on TSO C129a receivers and for oceanic operations a modification is required.

With FDE fitted, integrity monitoring is available provided there are sufficient satellites of a suitable
configuration in view. Some reduction in availability of a positioning service with integrity results, as
additional satellites are required, although for RNP 4 as the alerting requirements are large, it is highly
improbable that service will not be available.

The RNP 4 navigation specification does not require a dispatch prediction of the availability of
integrity monitoring (with FDE) in the case of a multi-sensor system. In this context a system
integrating GNSS and IRS is a suitable multi-sensor system.
|
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A prediction of GNSS availability is therefore not considered necessary the multi-sensor system will
revert to IRS in the remote possibility that GNSS is unavailable. Other methods of integrity monitoring,
discussed under the heading Aircraft Autonomous Integrity Monitoring (AAIM) in Part 1, utilise hybrid
GNSS/IRS monitoring systems which provide increased availability sufficient to not require a dispatch
prediction to be conducted. Examples of these systems are Honeywell HIGH and Litton AIME.

A difficulty is that most availability programs are based on a specific location (normally the
destination airport) and are unable to provide predictions over a route or large area. For RNP 4, as the
alerting limits are large, provided a minimum number of satellites are available, availability can be
assured without the need to carry out a prediction for each flight.

5.6 Functionality

For the majority of air transport aircraft equipped with FMS, the required functionalities, with the
exception of the provision of a non-numeric lateral deviation display are normally available. For this
category lateral deviation is not normally displayed on a CDI or HSI, but is commonly available on a
map display, usually with a numeric indication of cross-track error in 1/10% NM. In some cases a
numeric indication of cross-track error may be provided outside the primary field of view (e.g. CDU).

Aircraft equipped with stand-alone GNSS navigation systems, should be installed to provide track
guidance via a CDI or HSI. The CDI/HSI must be coupled to the RNAV route providing a direct
indication of lateral position reference the flight planned track. This type of unit in en-route mode
(normal outside 30NM from departure and destination airports) defaults to a CDI/HSI full-scale
display of 5NM, which is adequate for RNP 4. A lateral deviation display is often incorporated in the
unit, and may be suitable if sufficient size and position to allow either pilot to manoeuvre and monitor
cross-track deviation.

The navigation specification includes some requirements for fly-by transition criteria. The default
method for RNAV systems to manage turns at the intersection of “straight” route segments (TF/TF), is
to compute, based on groundspeed and assumed angle of bank, a position at which the turn should
commence so that the resulting radius will turn inside the angle created by the two consecutive
segments and “fly-by” the intermediate waypoint. For aircraft fitted with a stand-alone GNSS system
or an FMS fly-by transitions are a standard function and should not require specific evaluation.
However a stand-alone GNSS receiver may require a pilot action to initiate the turn. All turns are
limited by the physical capability of the aircraft execute a turn of suitable radius. In normal cases
where the angle between track is small there is seldom a problem, but operators need to be aware
that large angle turns, particularly at high altitude where TAS is high and bank angle is commonly
limited can be outside the aircraft capability. While this condition is rare, flight crews need to be
aware of the aircraft and avionics limitations.

5.7 Operating Procedures

The standard operating procedures adopted by operators flying on oceanic and remote routes should
normally be generally consistent with RNP 4 operations, except that some additional provisions may
need to be included to specifically address RNP 4 operations. A review of the operator’s procedure
documentation against the requirements of the PBN Manual and the State of Kuwait regulatory
requirements should be sufficient to ensure compliance.
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The essential elements to be evaluated are that the operator’s procedures ensure that:
o The aircraft is serviceable for RNP 4 ops
o RNP 4 capability is indicated on the flight plan
e En-route loss of capability is identified and reported

e Procedures for alternative navigation are described

GNSS based operations also require the prediction of FDE availability. Most GNSS service prediction
programs are based on a prediction at a destination and do not generally provide predictions over a
route or large area. However for RNP 4 operations the probability that the constellation cannot
support FDE is remote and this requirement can be met by either a general route analysis or a
dispatch prediction of satellite availability. For example a specified minimum satellite constellation
may be sufficient to support all RNP 4 operations without specific real-time route prediction being
required.

5.8 Pilot Knowledge and Training

Unless the operator is inexperienced in the use of RNAYV, flight crews should possess the necessary
skills to conduct RNAV 4 operations with minimal additional training.

Where GNSS is used, flight crews must be familiar with GNSS principles related to en-route navigation.

Where additional training is required, this can normally be achieved by bulletin, computer based
training or classroom briefing. Flight training is not normally required.
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Chapter 6 RNP 2
6.1 General

RNP 2 is intended to support en-route applications in oceanic, remote and continental airspace. The
continuity requirements for continental applications are lower than those for oceanic/remote
applications.

6.2 Aircraft requirements

The aircraft requirements are detailed in the PBN manual (Doc 9613), Volume II, Part C, Chapter 2,
2.3.3. The requirements for RNP 2 applications in oceanic/remote airspace are different to those for
en-route continental airspace. In particular, oceanic/remote applications have a more strict continuity
requirement which usually necessitates at least two long-range navigation systems.

6.3 Operating procedures

1. The operating procedures are addressed in the PBN manual (Doc 9613), Volume II, Part C,
Chapter 2, 2.3.4. Some additional provisions may need to be added to the standard operating
procedures to specifically address RNP 2 operations.

2. A review of the operator’s procedure documentation against the requirements of the PBN
manual (Doc 9613) and the (State) regulatory requirements should be sufficient to ensure
compliance.

6.4 Pilot knowledge and training

1. The pilot knowledge and training requirements are addressed in the PBN manual (Doc 9613),
Volume II, Part C, Chapter 2, 2.3.5. Flight crews should possess the necessary skills to conduct
RNP 2 operations with minimal additional training.

2. Where additional training is required, this can normally be achieved by bulletin, computer-
based training or classroom briefing. Flight training is not normally required.

6.5 Oceanic/remote requirements

Navigation equipage for oceanic/remote continental RNP 2 operations will require dual independent
GPS long-range navigation systems with FDE to meet the continuity requirement. Integration of
positioning data from other sensors may be allowed provided that this does not cause the TSE to be
exceeded. Manual entry/creation of waypoints using latitude and longitude values should be
permitted to support flexible track ATS systems.
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6.6  Job Aid Specific Elements

CONTENTS OF THE OPERATOR APPLICATION

#

Topic

Specific
ICAO
reference

Specific State
Guidance
reference

Operator
compliance
description

Inspector
disposition/
comments

Follow-up
by

Inspector
(optional)

(Doc 9613,
Volume I,
Part C,
Chapter 2)

(AC/AMC/CA,
etc.)

(Document
reference/
method)

(Accepted
/not
accepted)

(Status and
date)

Authorization
request

Statement of intent to
obtain authorization.

Aircraft/navigation
system eligibility

Documents that
establish eligibility.

2.3.2.2
2.3.2.3.1

Training

Details of
completed
operators).

courses
(xxx91

Details of training
programmes (xxx121
and xxx135
operators)

2.3.2.3.2
2.35

Operating policies
and procedures

Extracts from the
operations manual or
other documentation
(xxx91 operators).

Operations  manual
and checklists
(xxx121 and xxx135
operators)

2.3.2.3.3
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5 | Maintenance 2.3.2.3.5
practices 236

Document navigation
database maintenance

practices.
6 | MEL Update 2.3.234
OPERATING PROCEDURES

# | Topic Specific Specific State | Operator Inspector Follow-up
ICAO Guidance compliance | disposition/ | by
reference | reference description | comments Inspector

(optional)

(Doc 9613, | (AC/AMC/CA, | (Document | (Accepted (Status
Volume 1II, | etc.) reference/ | /not and date)
Part G method) accepted)
Chapter 2)

1 | Flight Planning

la | Verify  that the | 2.3.4.1
aircraft and crew are
approved for RNP 2

operations.
1b | Verify RAIM | 2.3.4.2.3
availability 23473

1c | Verify  that  the | 2.3.4.2.2
navigation database
is current.

1d | Verify the FPL: 2.3.4.2.1

"R" should appear in
field 10 and
PBN/TBD in field 18.

2 | General operating
procedures

2a | Comply with the | 2.3.4.4.1
manufacturer's
instructions/
procedures.

2b | Advise ATC if unable | 2.3.4.4.2
to comply with the

requirements for
RNP 2.
|
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2c | Verify aircraft| 2.3.4.4.3
position and entry of]
assigned route.

2d | Retrieve RNP 2 route 2.3.4.4.4
from the database or build|
route using waypoints
from the database.

2e | Cross-check the chart| 2.3.4.4.4
with the RNAV system
display.

2f | Use an appropriate| 2.3.4.4.6
display.

2g | Use appropriate scaling.| 2.3.4.4.6

2h | Follow route centre| 2.3.4.4.7
line within 1 NM.

2i | Do not wuse blank| 2.3.4.4.8
limiting functions.

2j | Do not modify the flight | 2.3.4.4.9
plan in the RNAV
system after ATC
heading  assignment
until a clearance is
received to re-join the
route or a new
clearance is confirmed.

2k | If RNP input is| 2.3.4.4.10
required, select RNP 2
or lower.

CONTINGENCY PROCEDURES

# | Topic Specific Specific State | Operator Inspector Follow-up
ICAO Guidance compliance | disposition/ | by
reference | reference description | comments Inspector

(optional)
(Doc 9613, | (AC/AMC/CA, | (Document | (Accepted (Status
Volume I, | etc.) reference/ | /not and date)
Part C, method) accepted)
Chapter 2)

1 | Contingencies

la | Advise ATC if unable to 2.3.4.5
comply with the
requirements for RNP 2.

*All references are to the PBN Manual (Doc 9613) Vol. II, Pat C, Chapter 2, unless otherwise indicated.
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Chapter 7 BasicRNP 1

7.1 General

Basic RNP 1 is based on GNSS positioning. The navigation specification is intended to support arrival
and departure procedures without the dependence on a DME/DME infrastructure. Other than the
requirement for GNSS there is no significant difference between the RNAV 1 and 2 navigation
specification and basic RNP 1.

7.2 Operational Approval

Operators of GNSS equipped aircraft holding an RNAV 1 and 2 operational approvals qualify for Basic
RNP 1 subject to the following conditions:
. Manual entry of SID/STAR waypoints is not permitted

. Pilots of aircraft with RNP input selection capability (typically equipped FMS aircraft) should
select RNP 1 or lower for Basic RNP 1 SIDs and STARs

. If a Basic RNP 1 SID or STAR extends beyond 30NM from the ARP in some cases the CDI scale
may need to be set manually to maintain FTE within limits (see below)

. If a MAP display is used, scaling must be suitable for Basic RNP 1 and a FD or AP used.

Operators of GNSS equipped aircraft holding both P-RNAV and US RNAV approvals also meet the
requirements for RNAV 1 and 2 and therefore also qualify for Basic RNP 1 subject to the additional
conditions listed in the previous paragraph.

Applicants without previous relevant approvals will need to be assessed against the requirements of
the Basic RNP 1 navigation specification.

7.3 Summary

° A single RNAV system only is required.
° GNSS is required

. A navigation database is required.

° Navigation displays in the pilot’s forward view must be sufficient to permit track following and
manoeuvring

° MAP display (without CDI) is acceptable provided FD or AP is used

. The maximum cross-track error deviation permitted is 0.5NM

7.4 Stand-alone GNSS systems

The most basic qualifying system is a stand-alone GNSS receiver (TSO C129 (a)) which should coupled
to a CDI or HSI display providing course guidance and cross-track deviation indications. This type of
system may also be integrated with a map display, however primary guidance is provided by the
CDI/HSI. The receiver normally incorporates a self-contained control and display unit but the
interface may also be provided by a separate CDU.

In this arrangement Basic RNP 1 capability is provided when in terminal mode. In terminal mode:
CDI scaling is automatically set at +/- 1NM full scale deflection
HAL is automatically set to 1 NM (RAIM alert limit)

In the default mode (en-route) CDI scaling increases to +/- 5NM and HAL increases to 2NM. Terminal
mode cannot be manually selected but will be system selected provided certain conditions exist.
I —
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For departure, provided the current flight plan includes the departure airport (usually the ARP)
terminal mode will be active and annunciated. (An annunciator panel should be installed in
accordance with the manufacturer’s recommendations and State airworthiness regulations). In the
general case terminal mode will automatically switch to en-route mode at 30NM from the departure
ARP. If the Basic RNP 1 SID extends past 30NM, the CDI scaling will no longer be adequate to support
the required FTE limit (+/- 0.5NM), and flight crew action is necessary to manually select +/-1NM CDI
scaling.

On arrival, provided the current flight plan route includes the destination airport (ARP) the receiver
will automatically switch from en-route to terminal mode at 30NM from the ARP. If the STAR
commences at a distance greater than 30NM radius from the destination, then en-route CDI scaling of
+/-5NM is inadequate for Basic RNP 1 and must be manually selected to +/-1NM.

Note: Manual selection of +/- 1NM CDI scale (terminal scaling) does not change the mode, and en-route RAIM
alert limits apply.

7.5 RNP Systems

Aircraft equipped with a flight management system, normally integrate positioning from a number of
sources (radio navaids, GNSS) often using a multi-mode receiver (MMR) with IRS.

In such systems the navigation capability, alerting and other functions are based upon an RNP
capability, and the RNP for a particular operation may be a default value, a pilot selected value or a
value extracted from the navigation database. There is normally no automatic mode switching (as in
the case of a stand-alone receiver), although the default RNP may vary with the phase of flight.

For this type of operation it is necessary for the flight crew to select either RNP 1 or accept a lesser
default value before commencement of a Basic RNP 1 SID or STAR.

7.6 Integrity availability

GNSS based operations require prediction that a service (with integrity) will be available for the route.
Most GNSS availability prediction programs are computed for a specific location (normally the
destination airport) and are unable to provide predictions over a route or large area. However for
Basic RNP 1 the probability of a loss of GNSS integrity is remote and the prediction requirement can
normally be met by determining that sufficient satellites are available to provide adequate continuity
of service.

7.7 Deselection of radio updating

The PBN Manual makes reference to the possibility of position errors cased by the integration of GNSS
data and other positioning data and the potential need for deselection of other navigation sensors.
This method of updating is commonly associated with IRS/GNSS systems and the weighting given to
radio updating is such that it is unlikely that any potential reduction in positioning accuracy will be
significant in proportion to Basic RNP 1 navigation accuracy.

7.8 Functionality

The PBN MANUAL lists the functional requirements for Basic RNP 1 which are identical to
RNAV 1 and 2. For the majority of air transport aircraft equipped with FMS, the required
functionalities, with the exception of the provision of a non-numeric lateral deviation display are
normally available. For this category of aircraft lateral deviation is displayed on a map display, usually
with a numeric indication of cross-track error in 1/10t%h NM. In some cases a numeric indication of
cross-track error may be provided outside the primary field of view (e.g. CDU). Acceptable lateral
tracking accuracy for Basic RNP 1 routes is adequate provided the autopilot is engaged or flight
director is used.
|
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Aircraft equipped with stand-alone GNSS navigation systems, should be installed to provide track
guidance via a CDI or HSI. A lateral deviation display is often incorporated in the unit, and may be
suitable if of sufficient size and position to allow either pilot to manoeuvre and monitor cross-track
deviation.

Caution should be exercised in regard to the limitations of stand-alone GNSS systems with respect to
ARINC 424 path terminators. Path terminators involving an altitude termination are not normally
supported due to a lack of integration of the lateral navigation system and the altimetry system. For
example, a departure procedure commonly specifies a course after take-off until reaching an specified
altitude (CA path terminator). Using a basic GNSS navigation system it is necessary for the flight crew
to manually terminate the leg on reaching the specified altitude and then navigate to the next
waypoint, ensuring that the flight path is consistent with the departure procedure. This type of
limitation does not preclude operational approval (as stated in the PBN MANUAL functional
requirements) provided the operator’s procedures and crew training are adequate to ensure that the
intended flight path and other requirements can be met for all SID and STAR procedures.

7.9 Operating procedures

Operators with en-route RNAV experience will generally meet the basic requirements of Basic RNP 1
and the operational approval should focus on procedures associated with SIDs and STARs. Particular
attention should be placed on selection of the correct procedure from the database, review of the
procedures, connection with the en-route phase of flight and the management of discontinuities.
Similarly an evaluation should be made of procedures manage selection of a new procedures,
including change of runway, and any crew amendments such as insertion or deletion of waypoints.

7.10 Pilot Knowledge and Training

During the operational approval, particular attention should be placed on the application of the pilot
knowledge and training to the conduct of Basic RNP 1 SIDs and STARs. Most crews will already have
some experience RNAV operations, and many of the knowledge and training items will have
previously been covered in past training. Execution of SIDs and STARs, connection with the enroute
structure and transition to approach procedures require a thorough understanding of the airborne
equipment, and its functionality and management.

Particular attention should be placed on:

. The ability of the airborne equipment to fly the designed flight path. This may involve pilot
intervention where the equipment functionality is limited

. Management of changes (procedure, runway, track)

. Turn management (turn indications, airspeed & bank angle, lack of guidance in turns)
. Route modification (insertion/deletion of waypoints, direct to waypoint)
[ Intercepting route, radar vectors

Where GNSS is used, flight crews must be trained in GNSS principles related to en-route navigation.
Flight training for Basic RNP 1 is not normally required, and the required level of competence can
normally be achieved by classroom briefing, computer based training, desktop simular training, or a
combination of these methods. Computer based simulator programs are available from a number of
GPS manufacturers which provide a convenient method for familiarity with programming and
operation of stand-alone systems. Although not specifically mentioned in the PBN MANUAL Basic RNP
1 navigation specification, where VNAYV is used for SIDs and STARs attention should be given to the
management of VNAV and specifically the potential for altitude constraints to be compromised in
cases where the lateral flight path is changed or intercepted.
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Chapter 8 Advanced RNP (A-RNP)
8.1 General

A-RNP is intended to support operations in oceanic airspace and en-route continental airspace, on
SIDs, on STARs and on approaches. It is intended to provide a single assessment of aircraft eligibility
covering a range of accuracy requirements across all phases of flight. It incorporates RNAV 5, RNAV 2,
RNAV 1, RNP 2, RNP 1 and RNP APCH (A and/or B). Fixed radius turn functionality within terminal
airspace (RF) is a requirement while fixed radius turn functionality in the en-route (FRT) is an option.
RNP scalability, time of arrival control (TOAC) and Baro-VNAV functionalities are all optional. Higher
continuity requirements are applied for RNP 2 in oceanic/remote airspace. The navigation
specification does not specifically address the oceanic and remote applications RNAV 10 and RNP 4,
and an operator would need to obtain separate approval before operating with an A-RNP approved
aircraft in such airspace. It is not anticipated that this additional application will represent a
significant burden to the operator particularly if the aircraft already meets the RNP 2 oceanic criteria.

8.2 Aircraft requirements

The aircraft requirements are detailed in the PBN manual (Doc 9613), Volume II, Part C, Chapter 4,
4.3.3 and Appendices 1, 2 and 3 to Part C. An aircraft approved for A-RNP will meet the requirements
of all the above-mentioned navigation specifications.

8.3 Operating Procedures

The operating procedures are addressed in the PBN manual (Doc 9613), Volume II, Part C, Chapter 4,
4.3.4. Some additional provisions may need to be added to the standard operating procedures to
specifically address A-RNP operations.

8.4 Pilot Knowledge and Training

1. The pilot knowledge and training requirements are addressed in the PBN manual (Doc 9613),
Volume II, Part C, Chapter 4, 4.3.6. Flight crews should possess the necessary skills to conduct
A-RNP operations with minimal additional training.

2. Where additional training is required, this can normally be achieved by bulletin, computer-
based training or classroom briefing. Flight training is not normally required.
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8.5 Job Aid Specific elements

CONTENTS OF THE OPERATOR APPLICATION

Topic Specific Specific State | Operator Inspector Follow-up
ICAO Guidance compliance | disposition/ | by
reference | reference description | comments Inspector

(optional)
(Doc 9613, | (AC/AMC/CA, | (Document | (Accepted (Status and
Volume I, | etc) reference/ /not date)
Part C, method) accepted)
Chapter 4)
1 | Authorization

request

Statement of intent to

obtain authorization.

2 | Aircraft/navigation | 4.3.2.5

system eligibility 4.3.2.6.6

Documents that

establish eligibility.

3 | Training 4.3.2.6.2
4.3.6

Details of courses

completed (xxx91

operators).

Details of training

programmes (xxx121

and xxx135 operators)

4 | Operating policies | 4.3.2.6.3

and procedures

Extracts from the

operations manual or

other documentation

(xxx91 operators).

Operations  manual

and checklists

(xxx121 and xxx135

operators)
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5 | Maintenance 4.3.2.6.5
practices 435
Document navigation
database maintenance
practices.
6 | MEL Update 4.3.2.6.4
OPERATING PROCEDURES
# | Topic Specific Specific State | Operator Inspector Follow-up
ICAO Guidance compliance | disposition/ | by
reference | reference description | comments Inspector
(optional)
(Doc 9613, | (AC/AMC/CA, | (Document | (Accepted (Status
Volume I, | etc.) reference/ | /not and date)
Part G method) accepted)
Chapter 4)
1 | Flight Planning
la | Verify  that the | 4.3.4
aircraft and crew are
approved for A-RNP
operations.
1b | Verify = RAIM/SBAS | 4.3.4.1.3
availability
1c | Verify  that  the | 4.3.4.2.2
navigation database
is current.
1d | If dispatch predicated | Appendix 1
on procedure with RF | to Part C,
leg, verify AP/FD is | 5.5.3
operational.
le | Verify the FPL: 43411
"R" should appear in
field 10 and
PBN/TBD in field 18.
2 | General operating
procedures
2a | If system does not set | 4.3.4.3
RNP  automatically,
smallest navigation
accuracy value must
be entered manually
for loaded route.
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3 | A-RNPSID
Requirements

3a | Prior to take-off, | 4.3.4.4.1
check the RNAV
system, the
aerodrome and
procedure loaded
and the displayed
position.

3b | Engage LNAV no later| 4.3.4.4.2
than 153 m (500 ft)
above aerodrome
elevation.

3c | Use an authorized| 4.3.4.4.3
method to achieve

appropriate RNP
performance
(AP/FD/Map/L/DEV
indicator)

3d | If GNSS, signal must| 4.3.4.4.4
be acquired before
start of take-off roll.

4 | A-RNP STAR
Requirements
4a | Verify  that  the | 4.3.4.5.1
correcc STAR s
loaded and displayed.

4b | Contingency 4.3.4.5.3
preparations.

4c¢ | Route modification in | 4.3.4.5.4
response to ATC
instructions.

4d | Observance of speed | 4.3.4.5.6
and altitude
constraints.

5 | RF Requirements

5a | Be established on | Appendix 1
procedure prior to|to Part C,
RF leg. 555
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5b | Cross-track deviation | Appendix 1
not to exceed 1/2|to Part C,
RNP. 5.5.6

5c | Do not  exceed | Appendix 1
maximum airspeed | to Part C,
associated with | 5.5.7
design.

CONTINGENCY PROCEDURES

# | Topic Specific Specific State | Operator Inspector Follow-up
ICAO Guidance compliance | disposition/ | by
reference | reference description | comments Inspector

(optional)
(Doc 9613, | (AC/AMC/CA, | (Document | (Accepted (Status
Volume I, | etc.) reference/ | /not and date)
Part G method) accepted)
Chapter 4)
1 | Contingencies
la | Advise ATC if unable | 4.3.4.6.1
to comply with the
requirements for A-
RNP.
1b | Air-ground 4.3.4.6.2
communications (Doc 4444,
failure. Chapter 15,
15.3)
1c | If unable to follow RF | Appendix 1
turn due to system | to Part C,
failure, maintain | 5.5.8
bank and roll out on
charted exit course.
Inform ATC.

*All references are to the PBN Manual (Doc 9613), Vol. II, Pat C, Chapter 4, unless otherwise

indicated.
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Chapter 9 RNP APCH
9.1 General

RNP APCH is the general ICAO designator for PBN approach procedures that are not Authorization
Required operations. As GNSS fulfils the basic requirement of RNP for on-board performance and
monitoring, both RNAV (GNSS) and SBAS LPV procedures are types of RNP APCH operations.

RNP APCH procedures will be identified as:
o RNP APCH - LNAV
. RNP APCH - LNAV/VNAV (where a vertical guidance system is used)
o RNP APCH - LPV (Localiser Performance with Vertical Guidance)
o RNP APCH - LP (SBAS approach where vertical guidance is not available)

As the PBN Manual has yet to be amended to include navigation specification for LPV approaches this
Chapter currently only deals with RNP APCH - LNAV procedures.

9.2 Characteristics
The main characteristics of RNP APCH LNAV operations are:
o IAL chart titled RNAV (GNSS)
o Approach path constructed as series of straight segments
o Descent to an MDA which is published as an LNAV minima
. Can be flown using basic GNSS (TSOC129a) equipment or RNP 0.3 capable aircraft
o Obstacle clearance lateral tolerances not based on RNP value
o Vertical flight guidance (e.g. Baro-VNAV) may be added
9.3 Flight procedure design

Although RNAV (GNSS) approach procedures are designated in the PBN concept as RNP APCH - LNAV
procedures there has been no change to the method of procedure design which is in accordance with
PANS-OPS RNAV ¢nss) design criteria.

Instrument approach charts continue to include RNAV (nssy in the title, and descent is made to a
minimum descent altitude which is shown as an LNAV minimum, or LNAV/VNAV where vertical
guidance is available.

RNAV (gnss) procedure design criteria is not currently based on an RNP requirement but on the
performance capability of a basic TSO C129a GPS receiver. However it is considered that an aircraft
with RNP 0.3 capability has at least equivalent performance and a number of States have authorised
RNAV (cnss) operations based on RNP 0.3 capability.

The RNAV (nssy Approach plate shown in Fig 9.4 is an example of a an RNP APCH LNAV/VNAV
procedure. Although there is no specific notation, this type of approach can be flown by aircraft
equipped with either a stand-alone GNSS receiver or an FMS equipped aircraft with RNP 0.3
capability.

When flown as an LNAV operation, the altitude limitation at CO2LS (660’) applies, and descent is to an
MDA of 580’. The missed approach point for this procedure is located at the runway threshold (RW
02L) and pilot action is required at this point to initiate flight plan sequencing for navigation past the
MAPt for stand-alone GNSS receivers.

Note: In this example there is no missed approach turning or holding fix and a pilot-interpreted heading is flown, and
therefore no track guidance is provided after the MAPt.
|
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The 32 VPA and the on-slope altitude at CO2LS in this case are advisory only (although recommended)
and the flight crew responsibility is to ensure descent not lower than 660ft until passing CO2LS.

If flown as an LNAV/VNAV approach, the fix and altitude limitation at CO2LS is not relevant, and from
the FAF at CO2LF the approach is flown as a VNAV approach to the DA (530’). The MAPt in this case is
not relevant.
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Figure 9.4 RNAV (GNSS) Approach Chart with LNAV and LNAV/VNAV Minima
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Caution: Different coding is required for approaches flown using stand-alone GNSS equipment and FMS
equipped aircraft, as stand-alone receivers require specific identification of certain waypoints (FAF, and
MAPt ) in order to initiate automatic CDI scaling, alerting levels and waypoint sequencing. FMS equipped
aircraft do not require such coding. Incorrect coding can lead to some FMS equipped aircraft
interpreting a MAPt located prior to the threshold as the origin of the VPA and undershooting can occur.

9.4 Operational approval

Operators currently approved to conduct RNAV (cnss) approaches qualify for RNP APCH - LNAV
without further examination.

9.5 Navigation systems

In general the navigation systems available for RNP APCH - LNAV operations fall into two distinct
categories:

e Stand-alone GNSS receivers

APOLLO CNXg0

1111 O

1.13m =

| MSG |IPROC]| FPL || TMR
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Although both types of navigation systems have similar capability there are significant differences in
functionality, cockpit displays, and flight crew procedures.

9.6 Stand-alone systems

This type of system is commonly represented by a panel-mounted self-contained unit comprising a
GNSS receiver incorporating a control unit, a lateral deviation indicator, and an annunciator panel. In
some cases the unit may also include a map display. Units may also be installed with a separate CDU,
or a separate map display.

Commonly installed in general aviation aircraft, this type of system is also frequently installed in
commuter airline aircraft and occasionally in older jet air transport category aircraft.

For IFR approach operations, the installation must provide a lateral deviation displayed on a CDI or
HSI in the pilot’s primary field of view. This is normally done by connecting the GNSS receiver output
to a dedicated CDI or by enabling the selection of the navigation source to the primary HSI/CDI to be
selected. (The in-built CDI provided on most stand-alone GNSS receivers is generally not considered
adequate, even if the unit is installed in the pilot’s primary field of view.)

An annunciator panel is standard equipment for approach operations and must be located in a
suitable position on the instrument panel. Navigation mode annunciation of terminal mode, approach
armed, and approach active is required.

Annunciator Panel

Figure 9.5: Typical Stand-alone GNSS installation

In this type of installation, mode switching from en-route, terminal, to approach is automatic,
provided certain conditions exist. Provided a suitable flight plan is loaded which enables the receiver
to identify the destination airport, the unit will automatically switch to terminal mode at 30NM from
destination ARP. CDI scaling automatically reduces from +/- 5NM en-route mode scaling to +/-1NM
terminal mode scaling and the RAIM alert limit reduces to 1NM.
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At 2NM from the FAF, the receiver checks that approach RAIM will be available and provided the
aircraft is on or close to track, the receiver will ARM and the CDI scaling will gradually reduce to +/-
0.3NM. Any off track deviation as the FAF is approached will be exaggerated as CDI scaling changes,
and the flight crew can be mislead if the aircraft is not flown accurately or if the effect of scale change
is not understood.

An APPROACH annunciation must be observed before crossing the FAF and continuing with the
approach. If APPROACH is not annunciated the approach must be discontinued.

During the approach distance to run is given to the Next WPT in the flight plan, and not to the runway.
Minimum altitudes are commonly specified, at a WPT or as a distance TO a waypoint. Situational
awareness can be difficult and it is not uncommon for pilots to confuse the current segment and
descend prematurely.

Cross-track deviation should be limited to %2 scale deflection i.e. 0.5NM on initial/ intermediate/
missed approach segments and 0.15NM on final. A missed approach should be conducted if these
limits are exceeded.

Note: Operating practice differs between States on the cross-track error at which a go-round must be initiated. Although the
design of RNP APCH - LNAV procedures is not based on the RNP level, they may be flown by aircraft capable of RNP 0.3. For
aircraft operations based on RNP capability, normal operating practice requires a go-round at 1 x RNP. For stand-alone
systems therefore a go-round must be conducted at full-scale deflection (0.3NM).

At the MAPt, which is commonly located at the runway threshold waypoint sequencing is inhibited, on
the assumption that the aircraft is landing. If a missed approach is conducted pilot action is normally
required to sequence to the missed approach. Depending on the procedure design (coding) defined
track guidance in the missed approach may not be provided, and crews need to understand the
navigation indications that are provided and the appropriate technique for managing the missed
approach.

On sequencing to the missed approach the receiver automatically reverts to terminal mode.

Close attention needs to be placed on the human factors associated with approaches flown using this
type of equipment.

9.7 Flight Management Systems

RNP APCH - LNAV operations conducted in aircraft equipped with an FMS and GNSS are managed
very differently to stand-alone systems.

As discussed above, RNP APCH procedures are designed using RNAV (gnss) criteria which were not
developed on the basis of GNSS performance rather than an RNP requirement. However it can be
shown that an aircraft capable of RNP 0.3 approach operations meets or exceeds the navigation
tolerance requirements for RNAV (gnss) approach procedure design. FMS equipped aircraft therefore
are able to fly RNP APCH -LNAV procedures provided RNP 1.0 is selected for the initial, intermediate
and missed approach segments, and RNP 0.3 for the final approach segment.

Positioning data, including GNSS, is commonly combined with IRS and radio position to compute an
FMS position. The GNSS receiver, which may be separate or part of a multi-mode receiver, provides
position data input but does not drive automatic mode switching or CDI scaling. Navigation system
integrity may be based on RAIM, but more commonly is provided by a hybrid IRS/GNSS system, which
can provide significantly improved integrity protection and availability.

Most FMS aircraft are not equipped with a CDI type non-numerical lateral deviation indicator,
although some manufacturers offer a lateral deviation indicator as an option.
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Where a lateral deviation indicator is provided, the scaling is determined by the manufacturer and
may be either a fixed scale or a non-scaled system. Lateral deviation scales may only be available
(either automatic or selectable) for certain phases of flight. Automatic scaling similar to stand-alone
systems is not provided.

Lateral deviation in this type of system is commonly displayed as a digital cross-track deviation on a
map display. Digital cross-track deviation is normally displayed in 1/10th NM, although 1/100th is
often available as an option. Digital cross-track deviation may also be subject to rounding. For
example where the display threshold is set at 0.15NM on a display capable of only 1 decimal place, the
first digital indication of cross-track deviation is displayed as 0.2NM. In the same example, as cross-
track deviation is reduced, the lowest value displayed is 0.1NM rounded down when the actual
deviation reaches 0.15NM.

Monitoring of deviations within the limits of the navigation specification (0.15NM on final approach)
using digital cross-track indications alone can be difficult in some cases. In the example in the
previous paragraph the first digital indication of cross-track error is displayed at 0.2NM (although this
indication is initiated at 0.15). However, a relative or graphical indication of cross-track error can be
derived from the relative position of the aircraft symbol to the flight plan track on the navigation
display. For this method to be satisfactory, the size and resolution of the map display needs to be
sufficient, and a suitable map scale must be selected.

A go-round should be conducted if the cross-track error reaches 1 x RNP (0.3NM).

Modern large screen (10inch) multi-function displays at 10NM range are generally satisfactory and
small deviations can be estimated sufficiently accurate to provide good initial indication of track
divergence. Older and smaller displays, including LCD type displays can be less effective and subject to
variation (jumping) in displayed position.

Additional cross-track deviation information may also be available on the CDU/MCDU which although
outside the normal field of view can be monitored by the PM. In such cases the evaluation of cockpit
displays must also take into consideration the crew operation procedures, callouts etc.

As turns for RNP APCH LNAV approaches are TF/TF transitions and initiation is based turn
anticipation logic, track guidance during turns is not provided, and cross-track deviation indications
are not provided with respect to a defined turning path. The lack of a defined path is accommodated in
the design of the approach procedure, however, it is necessary for the turn to be initiated and
correctly executed so that there is no significant under- or over- shooting of the subsequent leg.

In the evaluation cross-track deviation monitoring, it needs to be recognised that track adherence
using autopilot or flight director for normal operations is generally very good and little or no cross-
track deviation is observed. The evaluation should therefore concentrate on determining that in the
unlikely event of a deviation that the crew has sufficient indications to detect and manage any
deviation. Deviations can also occur due to delayed or incorrect NAV selection, delay in autopilot
connection, autopilot inadvertent disconnection, turbulence, excessive adverse wind, OEI operations
and other rare normal or no-normal events.

Navigation system alerting varies between aircraft systems, and unlike stand-alone systems is
determined by logic determined by the OEM. Although the operational approval will not normally
need to consider the methodology used, the basics of the alerting system must be understood and the
approval needs to determine that the operator’s flight crew procedures and training is consistent with
the particular aircraft system.

The appropriate RNP for the initial and intermediate segment is RNP 1.0, in the FAS RNP 0.3NM, and
RNP 1 for the missed approach.
I
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The most common method used to manage RNP is to select RNP 0.3 prior to the IAF, and retain that
selection throughout the approach and missed approach. In some cases a default RNP for approaches
may apply, and it is sufficient that the crew confirms the correct RNP is available. In other cases crew
selection of RNP 0.3 prior to commencement of the approach is necessary. Changing the RNP after
passing the IAF is not recommended as it increases crew workload, introduces the opportunity for
error (forgetting to change the RNP), and provides little or no operational advantage. For RNP 0.3
operations availability is normally close to 100% and although RNP 0.3 may not be required for the
majority of the approach (initial/intermediate segments) the probability of an alert due to the
selection of a lower than necessary RNP is extremely low, especially as prediction for RNP 0.3
availability is required to conduct an approach. Less commonly some systems allow the RNP to be
automatically extracted from the navigation database.

9.8 Using VNAV advisory information

Barometric VNAV is commonly available on modern jet air transport category aircraft equipped with
FMS. Other VNAV systems are also available (e.g. SBAS) although few aircraft in this category are
fitted. Aircraft in the general aviation, commuter and light airline categories are generally not
equipped with an integrated lateral and vertical navigation system, (typically stand-alone GNSS
systems) although increasingly business jets are fitted with capable VNAV systems.

RNP APCH LNAV approach procedures are not dependent upon VNAV and normal non-precision
approach principles apply in which obstacle clearance is dependent upon minimum altitudes.

However most RNP APCH LNAV approach procedures are published to indicate an optimum approach
gradient (normally 3°) above all minimum obstacle clearance altitudes. Despite there being no change
to the underlying non-precision approach obstacle clearance requirements it is recommended that
VNAV is used where available to manage the approach and assist in flying a stabilised constant angle
flight path. Navigation database coding normally supports a flight path angle where identified on the
instrument approach chart.

While the use of VNAV for this purpose is recommended, the operational approval needs to carefully
examine the aircraft capability, VNAV functionality, mode selection and annunciation, mode reversion,
operating procedures and crew knowledge and training.

It must be clearly understood that VNAV used in this way does not resolve the crew from the
responsibility to ensure obstacle clearance is maintained by strict adherence to minimum attitudes by
use of the pressure altimeter. Descent is made to the LNAV minima which is an MDA. An acceptable
alternative method is to add a margin the LNAV minimum altitude (typically 50-100ft) and to treat the
higher MDA as a DA, on the basis that any height loss during the go-round will result in descent not
lower than the published MDA. In some States operational approval under certain circumstances may
be available to consider the published MDA as a DA.

During the operational approval due attention should be placed to vertical navigation at all stages of
the approach. Although an approach angle is normally only published for the FAS extension of the
coded angle to the IF should be considered in order to provide additional protection and avoid
potential problems with intercepting the vertical path. Operators will normally need to make a special
request to the navigation database supplier for the extension of the vertical path angle coding.

Normally an approach will be designed so that the vertical path clears all minimum altitudes in the
final approach segment by a convenient margin (50-100ft). This allows for some tolerance in the
VNAV system and avoids any tendency to level off in order to observe any hard altitude limitations.
Where a suitable tolerance is not provided consideration should be given to revising the design of the
procedure to be more VNAYV friendly.
|
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9.9 VNAYV approach guidance

Where an LNAV/VNAV minima is published the procedure has been designed as a vertically guided
approach and obstacle clearance in the final approach segment is dependent upon the use of an
approved VNAV system. Descent in this case is made to the LNAV/VNAV minimum which is a DA and
minimum altitudes in the FAS do not apply.

RNP APCH LNAV/VNAV procedures are currently based upon the use of barometric VNAV, although
satellite based vertical guidance may also be applicable.

The design of the vertical flight path is based upon a fixed minimum obstacle clearance (MOC) of
75m/246ft beneath the nominal vertical flight path. The MOC is assumed to contain all errors
associated with the determination of the VNAV path, including vertical FTE. Separate allowance is
made for the effect of any along-track error in the determination of the vertical path (horizontal
coupling effect).

FAF

Figure 9.6: Baro-VNAV obstacle clearance for RNP APCH - LNAV

Note: RNP AR APCH procedures also incorporate vertical guidance using barometric VNAV but the method used to determine
obstacle clearance is based on a statistical sum of the contributing errors, called the Vertical Error Budget (VEB) rather than
a fixed MOC value.

As barometric VNAV is based on air density, the actual vertical flight path angle varies with
temperature and low temperature results in a reduced flight path angle lowering the approach path
and reducing obstacle clearance. In order to compensate for this effect an allowance is made for low
temperature such that the designed vertical flight path angle clears all obstacles by the MOC
(75m/246ft) plus an allowance for low temperature.

A low temperature limit may be published to ensure obstacle clearance is maintained at the lowest
operating temperature. Temperature compensated VNAV systems are available which enable the
design vertical flight path to be flown irrespective of temperature, although compensation is not
commonly fitted to jet transport category aircraft. Extension of the coded vertical path as far as the IF
should also be considered in order to better manage interception of the VNAV path.

When conducting an LNAV/VNAV approach, the primary means of obstacle clearance is provided by
the VNAV system rather than the altimeter, and adherence to the vertical flight path within reasonable
tolerance is required.
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ICAO Doc 8168 PANS-OPS Volume 1 provides operational guidance on the conduct of approach with
barometric VNAV guidance. Vertical deviations from the defined path should be limited to +100/-50ft.

Note: To retain consistency with RNP AR APCH is expected that the PBN Manual will amend the vertical FTE limit to 75ft.

The operational approval needs to carefully examine the aircraft capability, VNAV functionality, mode
selection and annunciation, mode reversion, operating procedures and crew knowledge and training.

9.10 Altimeter setting procedures

As the flight path guidance provided by a barometric VNAV system is directly affected by the
barometric pressure subscale setting, particular attention needs to be placed to pressure setting
procedures and associated aircraft systems.

9.11 Vertical Navigation Systems

Most commercial jet transport aircraft are equipped with a baro VNAV system that is compliant with
FAA AC 20-129 which has been in existence for many years.

It can be difficult to reconcile the specified minimum barometric VNAV system performance
requirements in the Attachment to the PBN Manual (which are derived from FAA AC 20-129) with
actual VNAV operating practice. However the actual performance of installed VNAV systems has been
demonstrated to provide accurate vertical guidance which meets the standard necessary for RNP
APCH.

AC 20-129 makes the assumption that altimetry system error (ase) will be compensated and
consequently no allowance is made for altimetry errors in the estimation of vertical TSE. In practice a
residual error does exist in most aircraft and manufacturers are generally able to provide data. As a
guide, ase is typically less than 60ft.

The FTE standard in the PBN Manual (and AC 20-129) is larger than ASE is normally observed during
approach operations. For example, the FTE requirement applicable to most approach operations is
200ft, compared to observed values which are commonly less than 60ft (3 o).

Potential errors associated with waypoint resolution, vertical path angle definition, and ATIS errors
are not included. Although a statistical analysis of VNAV component errors is not required for basic
Baro-VNAV operations, it may be helpful to asses the typical VNAV errors, in a similar manner to that
applied to Baro-VNAV for RNP AR APCH operations.

A root sum square calculation using typical PBN Manual VNAV equipment and FTE values, plus an
allowance for other errors, provides the following result at a 5SNM FAF.

(VNAV ) +(FTE? )+ (ASE? )+ (WPR? )+ (VPA)? + (ATIS?)

RSS TSE
= 234ft

Assuming: VNAV equipment error (99.7%) 100ft
FTE (99.7%) 200ft
ASE (Assumed max 99.7% error) 60ft
WPR 3ft
VPA based on 1° resolution/0.5° error 26ft
ATIS (assumed 99.7%) 20ft

Note: Horizontal coupling error or ANPE is considered separately in PANS-OPS and does not need to be included.
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This value is slightly higher than the figure given in the PBN Manual RSS value (224ft) but less than
the 246ft MOC used in design. Given that the commonly observed VNAV errors, including FTE (with
autopilot) are significantly less than the values used in this example, the performance of a VNAV
system compliant with FAA AC 20-129 can be expected to be consistent with the assumption of a
246ft fixed MOC.

Additional mitigation is also provided by the operational requirement to monitor the vertical FTE and
conduct a go-round if the deviation below the vertical path exceeds 50ft (or 75ft if amended.). For
aircraft approved for RVSM operations the ASE and VNAV errors can be expected to be small. If any
doubt exists as to the suitability of a particular VNAV system, additional data on actual in-service
performance should be sought.

9.12 GNSS Availability Prediction.

As the current GPS constellation is unable to provide 100% availability at all levels of service, there
are periods, depending upon a number of factors, when an RNP approach cannot be conducted.
Consequently a prediction of availability is conducted to enable the flight crew and dispatchers
(where applicable) to take into consideration the availability of GNSS capability to be expected at any
particular location.

Availability of RNP APCH operations is normally limited by the approach HPL which is set to 0.3NM by
default for stand-alone GNSS receivers. At this level of service, the periods when an RNP service is
unavailable are short, and a delay in departure or en-route, is often sufficient to schedule an arrival
when the service is predicted to be available.

An operation is not available, or should be discontinued when an alert is displayed to the flight crew.
Consequently availability is determined by the means used to generate an alert, which as discussed
previously, varies between aircraft. In order to be most accurate and effective a prediction of
availability needs to be based on the same parameters that are used in the particular aircraft systems,
rather than a general prediction of a parameter such as HPL.

The operator needs to make arrangements for prediction service to be available that replicates the
monitoring system on the aircraft. Prediction services are readily available from a number of
commercial sources. The prediction should be based on the latest satellite health data, which is readily
available, and take into account other factors such as high terrain. On board prediction programs are
generally unsatisfactory in that they are unable to take account of satellite NOTAMS and terrain
masking.

NZQN

TS0-C129(a) (and equivalent)
Fault Detection

No GPS RAIM FD Outages for NPA

TSO-C146a (and equivalent)
Fault Detection Only
No GPS RAIM FD Outages for NPA

TS0O-C146a (and equivalent)
Fault Detection and Exclusion
0912230006 TIL 0912230019
0912231552 TIL 0912231557
0912240002 TIL 0912240015
GPS RAIM FDE Unavbl for NPA

Figure 9.7: Example of an availability forecast for RNP APCH
I
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Note: The reference to NPA (Non-Precision Approach) in Figure 9.7 derives from the term GPS/NPA previously used to
describe RNAV (GNSS) approaches.

While satellite prediction services are normally accurate and reliable it should be noted that an
unpredicted loss of service can occur at any time. However safety is not compromised (provided
adequate fuel reserves are carried) and on-board monitoring assures that the crew will be alerted and
the approach can be discounted, delayed or an alternative approach conducted.

9.13 Radio updating.

The PBN Manual navigation specification permits the integration of other navigation sensor
information with GNSS provided the TSE is not exceeded. Where the effect of radio updating cannot be
established, inhibiting of radio updating is required.

The computed aircraft position is normally a mix of IRS/GPS and in some cases also DME and VOR
combined using a Kalman filter. The manufacturer’s stated RNP capability should take into account
the method used to compute position and any weighting of navigation sources.

In the typical case IRS position is updated continually by GNSS and radio aid updating is either
inhibited or weighted so as to have little effect or none on the computed position. When a source of
updating is lost the position will be determined in accordance with a reversionary mode. If GNSS
updating is lost, IRS position is normally updated by DME if available and VOR if insufficient DME
stations are in view. As DME and particular VOR updating is much less accurate than GNSS there is
some potential for degradation in the position accuracy.

If it can be determined that radio updating has no detrimental effect on the accuracy of the computed
position, then no action is required.

However, it can be difficult to obtain confirmation of the effect of radio updating, and where this
cannot be determined, radio updating should be selected OFF. Most systems provide for a means for
deselection of radio updating, either manually or by a pin selection option. Manual deselection can be
an inconvenient additional crew procedure, although on at least one aircraft type a single button push
deselection is available. Where possible a default option where radio updating is normally OFF is
preferred, with the option of crew selection to ON in the unlikely event of a loss of GNSS updating.

9.14 Operating Procedures

In recent years most manufacturers have developed recommendations for RNAV (GPS)/RNAV (GNSS)
procedures. Although the manufacturer recommendations should be followed, the operational
approval should include an independent evaluation of the operators’ proposed procedures. RNP APCH
operating procedures should be consistent with the operator’s normal procedures where possible in
order to minimise any human factors elements associated with the introduction RNP operations.

9.15 Procedure selection and review

Operating procedures need to address the selection of the approach from the navigation database and
the verification and review of the displayed data. Commonly some changes to an operator’s normal
practice will be involved, and the evaluation will need to recognise that new techniques may be
appropriate to RNP approach operations.

In most cases the instrument approach chart will contain RNAV (enss) in the title and the clearance
issued will refer to RNAV, the runway, and usually a suffix letter e.g. RNAV nss) RWY 20 X. Due to
avionics limitations the available approaches may be displayed in an abbreviated format e.g. RNVX. In
some cases the suffix letters (X, Y, and Z) may not be supported. Care needs to be taken that flight
crew procedures take into account these limitations and that the correct procedure is selected and
then checked.
|
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It should be recognised that the approach chart assumes less importance for an RNP APCH procedure
once the procedure is loaded in the FMS and checked. During the approach only limited reference to
the approach chart is normally required.

9.16 Use of autopilot and flight director

The manufacturer’s guidance will normally provide recommendations on the use of auto-pilot and/or
flight director. In general, RNP APCH procedures should be flown with autopilot coupled if the aircraft
is equipped, enabling the crew to place greater attention to monitoring the approach and taking
advantage of the reduced FTE normally available. This policy should not preclude the use of flight
director (consistent with manufacturer procedures) when autopilot is not available or in other
circumstances (e.g. OEI operations).

Note:  The FTE used by the aircraft manufacturer to demonstrate RNP capability may be dependent upon the use of a
coupled auto-pilot or flight director. A lesser RNP capability may be applicable to procedures flown manually using a map
display.

9.17 GNSS updating

RNP APCH procedures are dependent on GNSS positioning, and the availability of GNSS, (as well as the
available level of RNP) should be checked prior to commencement of an approach.

The failure of a GNSS receiver (i.e. an equipment failure) is commonly annunciated, but in the normal
case where duplicated GNSS receivers are installed, the approach can continue normally using the
serviceable receiver.

A loss of GNSS updating due to a loss of signal may occur at any time, but an alert will not normally be
generated immediately. Where position integrity can be maintained following the loss of GNSS a valid
position continues to be displayed. When the required performance cannot be sustained an alert will
be generated, and the normal procedure is to conduct a go-round, unless the approach can be
conducted visually.

Inspectors should be familiar with the alerting system applicable to the specific aircraft under
consideration to ensure that operating procedures and crew knowledge and training is consistent
with the system functionality.

9.18 Flight crew knowledge and training

Successful RNP APCH LNAV and LNAV/VNAV approach operations depend heavily on sound flight
crew knowledge and training. The type of navigation system has a significant effect on the conduct of
this type of procedure and flight training must take this factor into account.

Crews operating aircraft equipped with basic stand-alone systems typically require significantly more
flight training than crews operating FMS equipped aircraft. The amount of training will vary
depending on the flight crew’s previous RNAV experience, however the following is provide as a guide.

Ground training - Ground training including computer-based training and classroom briefings, will
normally require a minimum of one day.

Simulator training - For FMS systems operated by crews with experience in the use of the FMS for the
conduct of conventional approach procedures, a pre-flight briefing session and one 2 to 4 hours
simulator session per crew is commonly sufficient.

For operators of stand-alone systems, simulator or flight training may require 2 or more training
sessions. Proficiency may be achieved in normal uncomplicated operations in a short period of time
however additional flight time needs to be scheduled to ensure competency in the management of
approach changes, go-round, holding and other functions, including due consideration of human
factors. Where necessary initial training should be supplemented by operational experience in VMC or
under supervision.
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9.19 Navigation Database

RNP APCH operations are critically dependent on valid data. The PBN Manual includes the basic
requirements associated with the use and management of navigation databases.

Although the navigation database should be obtained from a qualified source, operators must also
have in place sound procedures for the management of data. Experienced RNAV operators who
understand the importance of reliable data will normally have such procedures established, however
less experienced operators may not fully understand the need for comprehensive management
procedures and may need to develop or improve existing procedures.

It should be noted that despite the requirement for the database supplier to comply with RTCA
DO200A/EUROCAE document ED 76 that data errors may still occur and dependence on quality
management alone is not sufficient.

Cyclic Data Updates: There is no specific requirement in the PBN Manual navigation specification to
implement checks of RNP APCH approach data at each update. Despite this operators should be
encouraged to implement an electronic means of ensuring that the data loaded onto the aircraft
remains valid. Although the operating tolerances for RNP APCH provide a level of conservatism, and
GNSS driven approach procedures are inherently extremely accurate, electronic data errors are not in
any way related to these factors and gross errors can occur just as easily as minor ones.

A cyclic comparison of new versus old data must be designed to identify changes that have not been
ordered prior to the effective date for each database cycle. Action can then be taken to rectify the
problem before the effective date, or issue corrective action such as notices to flight crew, withdrawal
of procedures etc.,

In cases where an effective electronic cyclic data validation process is not available, it may be
necessary to conduct re-validation of procedures at each cycle. This is a time-consuming and complex
procedure which should be avoided wherever possible.
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Chapter 10 RNP AR APCH
10.1 General

RNP AR APCH operations permit additional safety and efficiency to be achieved by the capability of
advanced navigation equipment, aircraft systems and procedures design.

A large number of RNP AR approach and departure procedures have been developed by the industry,
commonly sponsored by airlines and designed using commercially developed design criteria. These
operations have been approved in a number of States following evaluation on a case-by-case basis,
normally for a specific aircraft type and individual operator.

The RNP AR APCH navigation specification has been developed to provide ICAO guidance for similar
RNP approach procedures that can be applied generally and to a range of qualified aircraft types.

Procedure design criteria have now been published in ICAO Doc 9905 RNP AR Procedure Design
Manual.

10.2 Authorisation Required

All operations involve some form of authorisation, either specific or implied, and consequently
questions are often raised with regard to the use of the term authorisation required in the context of
RNP AR APCH operations.

Early development work on RNP approach procedures was carried out in the United States. Under the
US Federal Aviation Regulations, all instrument approach procedures that are in the public domain are
developed under FAR Part 97. Where approach procedures (for whatever reason) do not comply with
FAR Part 97, the FAA can approve an operation (for a specific operator) as a Special Airworthiness
and Aircrew Authorisation Required (SAAAR) procedure.

Accordingly as at the time (1995) the initial work on RNP approach development was undertaken
there was no provision in FAR Part 97 for this type of operation, the FAA approved RNP approach
operations as procedures with SAAAR.

Subsequently the FAA developed procedure design rules (FAA Order 8260.52) and airworthiness and
operational rules (FAA AC90-101) to support FAA Part 97 RNP SAAAR operations, referred to Public
RNP SAAAR.

In 2005, when the then Obstacle Clearance Panel (now Instrument Flight Procedures Panel) in ICAO
decided to harmonise ICAO procedure design rules with FAA Order 8260.52, it was recognised that
there was no equivalent process in ICAO which related to non-conforming or Special procedures.
Consequently it was decided to abbreviate the term to Authorisation Required or AR for ICAO
application.

The implication (whether SAAAR or AR) is that improvements in operational safety and efficiency
gained by the utilisation of the capability of advanced navigation capability are matched by an
appropriate level of detailed evaluation of aircraft, operations and procedure design.

AR therefore requires the State to conduct a full evaluation of all aspects of the operation before
issuing an approval and that only qualified operators are permitted to conduct RNP operations which
are identified as Authorisation Required.
|
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10.3 Characteristics

There are a number of characteristics of RNP AR APCH operations that combine to improve the
capability of this type of operation, including;

support for RNP less than 0.3 (RNP 0.1 is the lowest currently available)

obstacle clearance lateral tolerance 2 x RNP

final approach vertical obstacle clearance provided by a vertical error budget

radius to fix (RF) legs enabling circular flight paths to be flown

It should be noted that while RNP AR APCH procedures support low RNP types, that this is only one
characteristic and that many RNP AR APCH operations do not require RNP less than 0.3. An RNP 0.3
RNP AR APCH operation should not be confused with an RNP APCH which also uses RNP 0.3
capability.

10.4 Procedure Design

RNP AR APCH procedures are designed in accordance with ICAO Doc 9905 REQUIRED NAVIGATION
PERFORMANCE AUTHORIZATION REQUIRED (RNP AR) PROCEDURE DESIGN MANUAL.

2 x RNP Obstacle Protection Area

__~Horizontal Protection Level (HPL)

“1xRNPFTE Limit | ;’i: _____________________

1 x RNP FTE Limit

2 x RNP Obstacle Protection Area
Figure 10.1: RNP AR APCH Obstacle Protection

It is advisable that inspectors are familiar with the basic principles of RNP AR APCH procedure design
as AR operations are dependent upon the proper integration of aircraft capability, operating
procedures and procedure design.

The design criteria for RNP AR APCH procedures has been derived from operational experience in a
number of States which have generally been applied to individual operators, specific aircraft types,
and industry developed design criteria. The ICAO RNP AR Procedure Design Manual provides
guidance to States on the early implementation of generic RNP AR approach procedures that can be
applied to any appropriately capable aircraft and qualified operating crew.

The applicability of the design criteria to a broad range of capable aircraft does result in some
operational limitations, particularly in areas of difficult terrain. In order to achieve a satisfactory
operational outcome it may be necessary in such cases to approve variations to the design based on
specific operational mitigations.
|
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The RNP AR Procedure Design Manual makes reference to such circumstances as follows:

The design criteria in this manual are applicable to a range of aircraft types and cannot therefore, take
into account the full capability of some aircraft types. Consequently procedures designed in
accordance with this manual will provide an acceptable operational solution in many but not all
circumstances. Where an operationally acceptable solution is not available through the application of
the criteria in this manual, development of detailed procedures may be needed to satisfy local
conditions. Alternative design solutions may be derived which specify aircraft type or specific
performance parameters, special operating conditions or limitations, crew training, operational
evaluation or other requirements that can be demonstrated to provide an equivalent level of safety.
Such solutions are not the subject of this manual and will require case-by-case flight operational
safety assessments and operational approval.

10.5 Operational Approval

RNP AR APCH procedures depend upon the integration of aircraft, operations and procedure design to
deliver a safe and efficient outcome. Conventional navigation systems which have been in common
usage for many years depend on aircraft equipment & avionics, operating procedures and procedure
design that have benefited from many years of common usage and we are generally able to consider
each element in isolation. For example ILS receivers are manufactured by many different companies,
the operation and crew interface is standard, and a pilot qualified to fly ILS can do so on any aircraft
with minimum of cross-training. ILS operating procedures are common and it is not necessary to
apply different procedures for differing aircraft or avionics. Similarly the procedure designer develops
ILS approaches without reference to specific avionics capabilities or operating procedures. All of these
aspects are common, well understood, and standardised throughout the industry.

The same cannot be said of RNP AR APCH operations. In most cases, aircraft avionics were installed
before the concept of RNP approaches was developed and equipment has been adapted to provide
RNP AR APCH capability. Consequently there is no common standard yet available for RNP AR APCH
avionics, cockpit displays, alerting and other functions. In some cases modification of upgrade of
aircraft systems may be available, in other cases evaluation may be required for systems which cannot
be upgraded.

Operating procedures also need to be matched to the aircraft, avionics, cockpit displays, etc., and will
vary considerably between aircraft types, models and configurations. Both operating procedures and
aircraft equipment/capability need to be evaluated against the basis upon which RNP AR APCH
procedures are designed, and therefore consideration of the basic procedure design principles needs
to be included in the operational approval process.

10.6 Evaluation Team

For many States, the first RNP AR APCH operational approval will be a new experience for both the
operator and the regulator. Most regulatory authorities are structured to manage conventional
operations and there are established procedures for approving operations. It is not uncommon for
various departments (both in the airline and regulator) to carry out their work independently and
there may be infrequent need to consult with technical experts in other fields of expertise.

It is recommended that a team approach is used in the conduct of an RNP AR APCH evaluation, and
that cross-discipline dialogue and consultation is encouraged. As the first such operational experience
will be a learning experience for all concerned it can be very useful to involve all parties, including the
applicant, in a consultative approach to the approval process.
|
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A project lead should be appointed to co-ordinate the combined efforts of the project team. As the
outcome is an operational approval the project lead should be a person experienced in flight
operations assisted by experts in other specialist fields as required. The project lead and other
participants on the team should be encouraged to learn as much as possible about areas outside their
immediate area of expertise. A vital part of a successful approval process is the synergy between all
aspects of the operation that leads to a successful safety outcome.

10.7 Operator’s Application

An important contributor to a successful RNP AR APCH implementation project is a well-developed
and comprehensive application. However it needs to be realised that the operator is likely to be
inexperienced in this type of operation and will be developing their knowledge and expertise during
the authorisation process, so some allowance will need to be made. The applicant should be
encouraged to present as clearly as possible the details of how the operation is to be conducted, and
be prepared to discuss the proposal with the regulator so that a satisfactory outcome is achieved.

The regulator should also recognise that it may be difficult in the early stages for the applicant to
clearly identify the requirements for approval and that the regulator may also have some similar
difficulty in understanding the requirements. It needs to be recognised that while the assistance of a
competent operational approvals consultant can be very helpful, at the end of the operational
approval process both the applicant and the approving authority need to ensure that they have
comprehensive understanding of all aspects of the operation. Leaving it to a consultant to prepare a
conforming application, and then just “ticking the boxes” does little to validate the Authorisation
Required process.

10.8 Aircraft Eligibility

As the airworthiness requirements for RNP AR APCH operations are relatively recent (e.g. FAA AC 90-
101 published December 2005) few aircraft have yet to be specifically approved for RNP AR APCH
operations. Commonly the eligibility for an aircraft to conduct RNP AR APCH operations needs to be
established during the operational approval process.

Some AFMs will contain a statement of RNP capability (AR may not be mentioned) which may have
been approved or accepted by the regulatory authority in the State of manufacture however such
statements need to be considered against the circumstances existing at the time of manufacture. Most
RNP capability statements were made at a time when there was no international guidance and the
basis for the capability statements are commonly developed by the manufacturer, and were accepted
by the regulatory authority at the time as being reasonable, but of no specific relevance to operations
being conducted at that time in history.

Some manufacturers have applied for “RNP AR APCH approval” by their respective aviation authority,
and where such documentation is available, the issue of aircraft eligibility is very much simpler to
determine. However there remain a significant number of aircraft that are RNP AR APCH capable but
which do not have an RNP AR APCH airworthiness approval that is consistent with the requirements
of the PBN Manual RNP AR APCH navigation specification. The reasons are varied, and may include a
lack of operator demand leading the manufacturer to apply for approval, a disagreement between the
manufacturers and approving authority, an inability to meet one or more specific requirements, or a
lack of supporting data.

The absence of an RNP AR APCH airworthiness approval does not mean that the aircraft is not suitable
for RNP AR APCH operations, but that this capability has not been demonstrated against available

airworthiness guidelines.
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In many cases an operational procedure or mitigation is required to overcome the inability to obtain
an airworthiness approval. In fact many operational approvals have been issued for aircraft that do
not have an RNP AR APCH airworthiness approval.

Where the eligibility needs to be established by operational approval, the normal process is to obtain
supporting data from the aircraft manufacturer. Leading manufacturers are increasingly coming
under pressure from customers to provide support for RNP AR operations and the amount and detail
for information available is increasing steadily. States with limited resources may be able to request
advice and assistance from States that have previously issued operational approvals in respect of
specific aircraft. Care should be taken to identify the specific basis of such approvals as there are many
variations in aircraft equipment, software, displays, options, and other relevant features that vary
between aircraft of the same type and model.

10.9 Flight Technical Error

The manufacturer will normally use flight technical error data obtained during flight trials to establish
the RNP capability depending upon the phase of flight and the method of control. Typically the lowest
FTE and therefore the lowest RNP is obtained with auto-pilot coupled, however other values may be
applicable to the use of flight director or map mode.

If there is any concern over the FTE data, then the operator can be required to gather additional in-
service data. This can be achieved during initial operations, which should be limited to a conservative
RNP (e.g. RNP 0.3). FTE data can be captured via on-board engineering monitoring systems or the
Quick Access Recorder (QAR). The standard deviation of FTE observed can then be used to calculate
the RNP capability based on the formula in Part 1 of this Manual.

Despite the values used for FTE, a further consideration is the monitoring of FTE performance in
flight. To illustrate this point, an aircraft may demonstrate very low FTE values and therefore the
calculated RNP capability could be low, but no cockpit display is available to permit the monitoring of
this performance in real time. The aircraft, while able to meet RNP performance requirements would
not qualify for RNP AR APCH because it could not meet the requirement for on board performance
and monitoring of the FTE. As the standard of cockpit display varies, and the ability for the flight crew
to monitor FTE also varies, this has a bearing on the RNP capability.

The PBN Manual RNP AR APCH navigation specification states:

a)  Continuous display of deviation. The navigation system must provide the capability to continuously
display to the pilot flying, on the primary flight instruments for navigation of the aircraft, the aircraft
position relative to the RNP defined path (both lateral and vertical deviation). The display must allow
the pilot to readily distinguish if the cross-track deviation exceeds the navigation accuracy (or a smaller
value) or if the vertical deviation exceeds 22 m (75 ft) (or a smaller value). It is recommended that an
appropriately scaled non-numeric deviation display (i.e. lateral deviation indicator and vertical
deviation indicator) be located in the pilot’s primary optimum field of view.

b)  Display of deviation. The navigation system must provide a numeric display of the vertical deviation
with a resolution of 3m (10ft) or less, and lateral deviation with a resolution of .01NM or less;

The preferred standard of display of lateral FTE is therefore:
A lateral deviation indicator; and
A numeric display of .01NM

However in many cases, particularly for older aircraft, this level of display is not available. The
question then arises as to the eligibility and if so the RNP capability. The purpose of the lateral display
of deviation is (as stated above) to “allow the pilot to readily distinguish if the cross-track deviation
exceeds the navigation accuracy (or a similar value).”
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Where the specified standard of display is not provided, an operational evaluation needs to be
conducted to determine if the display of information is adequate to support RNP AR APCH operations.
The evaluation may determine, for example, that cross-track deviations of 0.3NM can be adequately
monitored, but that less than that value the displays are considered inadequate. An operational
approval might be given in these circumstances for RNP AR APCH operations limited to not less than
RNP 0.3.

AP1

1FD2
AITHR

AVOR1
TTou

Figure 10.2: Lateral deviation displayed on a navigation (map) display
10.10 Demonstration of Path Steering Performance

The PBN manual includes a requirement that path steering performance (i.e. FTE) is evaluated under
a number of conditions, including non-normal conditions.

It should be noted that differences exists amongst regulatory authorities on the means of assessment
of the management of FTE in non-normal conditions. European authorities take the view that the
aircraft system should be capable of managing non-normal events, while the FAA considers that
operational mitigations are acceptable.

The method(s) is used to demonstrate FTE performance must be taken into account when evaluating
crew procedures.

10.11 Navigation System Monitoring and Alerting

In order to qualify for RNP operations of any kind the navigation system must incorporate a system to
monitor the performance of the navigation system and provide an alert to the flight crew when the
system no longer meets the specified performance requirements.
|
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Two elements of navigation system performance are normally monitored, accuracy and integrity.

Depending upon the manufacturer the parameters used and the alerting levels will vary, however the
method used is not normally an issue with regard to aircraft eligibility, although there can be
implications in operating procedures. Information should be obtained on the parameters that are
monitored, the relevant alert limits and the method of annunciation of the alert.

Navigation system accuracy is commonly represented by Horizontal Figure of Merit (HFOM) or
Estimated Position Error (EPE). These parameters represent an estimate of the position solution
assuming that the satellite system is operating within its specific performance. An alert is normally
generated when HFOM or EPE equals or exceeds a limit, normally 1 x RNP. Integrity is commonly
monitored by Horizontal Protection Level (HPL), sometimes called Horizontal Integrity Limit (HIL).
An alert is provided when HPL equals or exceeds a limit relative to the selected RNP.

In at least one case the manufacturer derives a value for accuracy as a function of HPL. As both
accuracy and integrity are dependent upon the same satellite constellation there is a relationship
between derived parameters such as HFOM, EPE and HPL (HIL). Although each of these parameters
measures different performance characteristics, each can be shown to be a function of another, within
specified bounds.

Normally NSE integrity is monitored, but some systems monitor both accuracy and integrity and
separate alerting limits are set for each parameter. In some (less common) cases HFOM is used and
there may be no alert directly related to integrity. Such cases warrant further examination to ensure
that integrity is adequately monitored and it may be necessary to implement supplementary
procedures (e.g. ground monitoring) to ensure that integrity is available for all operations.

10.12 GNSS latent failure protection

GNSS systems must provide protection from latent GPS satellite failure. Protection is provided by an
integrity monitoring system and the principles of integrity monitoring are discussed elsewhere in this
Manual.

For RNP AR APCH operations the PBN Manual includes a requirement that when HIL = HAL that the
probability that the aircraft remains within the obstacle clearance volume used to evaluate the
procedure must be greater than 95 percent (both laterally and vertically). (Para 6.3.3.2.2 (b)).
Normally the manufacturer will provide documentation that this condition is met. An alternative
means of compliance provided in the note attached to this paragraph is available if the HIL is less than
2 X RNP less 95% FTE.

It may be helpful to consider a typical case based upon the simple (alternative) case. The typical 95%
FTE for a modern aircraft with AP engaged is of the order of .07NM/95%. To meet the alternative
means of compliance HIL should not exceed 2 x RNP - .07NM. For the limiting case (currently) where
RNP = 0.10NM, the maximum HIL is:

(2x0.10)-.07 = 0.13NM.
In most cases, HAL < 1 x RNP and therefore this condition is met.
10.13 Operating Procedures

In recent years most manufacturers have developed recommendations for RNP AR APCH operating
procedures. Although the manufacturer recommendations should be followed, the operational
approval should include an independent evaluation of the operators’ proposed procedures. RNP AR
APCH operating procedures should be consistent with the operator’s normal procedures where
possible in order to minimise any human factors elements associated with the introduction of RNP AR

APCH operations.
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Vectoring. A procedure may be intercepted at a position inside the IAF but no later than the VIP when
vectored by ATS. Descent on an approach procedure below the minimum vectoring altitude is not
permitted until the aircraft is established within the vertical and lateral tolerances of the procedure
and the appropriate navigation mode(s) is engaged.

10.14 RNP Availability Prediction.

As the current GPS constellation is unable to provide 100% availability of RNP at all levels of service,
there a periods, depending upon a number of factors, when an RNP approach cannot be conducted.
Consequently a prediction of availability is conducted to enable the flight crew and dispatchers
(where applicable) to take into consideration the level of RNP capability that can be expected at any
particular location.

Commonly, even for low RNP levels, the periods when an RNP service is unavailable are short, and a
delay in departure or en-route, is often sufficient to schedule an arrival when the service is predicted
to be available.

An operation is not available, or should be discontinued when an alert is displayed to the flight crew.
Consequently availability is determined by the means used to generate an alert, which as discussed
previously, varies between aircraft. In order to be most accurate and effective a prediction of
availability needs to be based on the same parameters that are used in the particular aircraft systems,
rather than a general prediction of a parameter such as HPL.

The operator needs to make arrangements for prediction service to be available that replicates the
monitoring system on the aircraft. Prediction services are readily available from a number of
commercial sources. The prediction should be based on the latest satellite health data, which is readily
available, and take into account other factors such as high terrain. On board prediction programs are
generally unsatisfactory in that they are unable to take account of satellite NOTAMS and terrain
masking.

While satellite prediction services are normally accurate and reliable it should be noted that an
unpredicted unavailability can occur at any time. However safety is not compromised (provided
adequate fuel reserves are carried) and on-board monitoring assures that the crew will be alerted and
the approach can be discounted, delayed or an alternative approach conducted.

ZULSARR: Predicted EPE values for (A319) from
Fri 30-Mar-2007 1700Z to Sat 31-Mar-2007 0600Z
RNP 0.15 available 1700Z to 0600Z

RNP 0.20 available 1700Z to 0600Z

RNP 0.30 available 1700Z to 0600Z

ZULSDEP: Predicted EPE values for (A319) from
Fri 30-Mar-2007 1700Z to Sat 31-Mar-2007 0600Z
RNP 0.15 available 1700Z to 0600Z

RNP 0.20 available 1700Z to 0600Z

RNP 0.30 available 1700Z to 0600Z

Figure 10.3: Example of an RNP availability forecast

Note: In Figure 10.3 EPE values are relevant to RNP for the A319
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10.15 Radio updating.

The operational approval needs to consider the method used to determine the computed aircraft
position. The computed aircraft position is normally a mix of IRS/GPS and in some cases also DME and
VOR combined using a Kalman filter. The manufacturer’s stated RNP capability should take into
account the method used to compute position and any weighting of navigation sources.

In the typical case IRS position is updated continually by GNSS and radio aid updating is either
inhibited or weighted so as to have little effect or none on the computed position. When a source of
updating is lost the position will be determined in accordance with a reversionary mode. If GNSS
updating is lost, IRS position is normally updated by DME if available and VOR if insufficient DME
stations are in view. As DME and particular VOR updating is much less accurate than GNSS there is
some potential for degradation in the position accuracy. If it can be determined that radio updating
has no detrimental effect on the accuracy of the computed position, then no action is required.

However, it can be difficult to obtain confirmation of the effect of radio updating, and where this
cannot be determined, radio updating should be selected OFF. Most systems provide for a means for
deselection of radio updating, either manually or by a pin selection option. Manual deselection can be
an inconvenient additional crew procedure, although on at least one aircraft type a single button push
selection is available. Where possible a default option where radio updating is normally OFF is
preferred, with the option of crew selection to ON in the unlikely event of a loss of GNSS updating.

At least one manufacturer has identified that where reversion to updating from a single VOR is
possible that significant position degradation may occur, and recommends that radio updating is
selected OFF for all RNP AR APCH operations.

10.16 Procedure selection and review

Operating procedures need to address the selection of the approach from the navigation database and
the verification and review of the displayed data. Commonly some changes to an operator’s normal
practice will be involved, and the regulator’s evaluation will need to recognise that new techniques
may be appropriate to RNP approach operations.

In most cases the instrument approach chart will contain RNAV (RNP) in the title and the clearance
issued will refer to RNAV, the runway, and usually a suffix letter e.g. RNAV (RNP) RWY 20 X. Due to
avionics limitations the available approaches may be displayed in an abbreviated format e.g. for RNVX.
In some cases the suffix letters (X, Y, and Z etc) may not be supported. Care needs to be taken that
flight crew procedures take into account these limitation and that the correct procedure is selected
and then checked.

The procedures normally applied to the review and briefing for a conventional approach are typically
not suitable for RNP AR APCH operations. Approach procedures can be complex, with numerous legs,
tracks distances, fixes, altitude and speed constraints etc, which can result in a long, complex and
ineffective briefing process. Many of the parameters normally checked on a conventional procedure
are contained within the navigational database which is subjected to a rigorous quality control
process. Detailed checking of numerous individual data elements delivers no safety benefit and
attention needs to be placed on the more important aspects of the approach. Of greater importance is
the verification that the correct procedure is selected and this is can be achieved by a review of the
waypoint sequence.

Other key elements are:

e Minimum altitudes

e Location of VIP and FAF

e Speed limitations
|
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It should be recognised that the approach chart assumes less importance for an RNP AR APCH
procedure once the procedure is loaded in the FMS and checked. During the approach only limited
reference to the chart is normally required.

10.17 Required list of equipment.

Separate from the MEL, RNP AR APCH brings in the idea of required equipment. This list, which should
be readily available to the crew, identifies the operator’s policy in regard to items of equipment that
must be serviceable prior to commencement of an RNP AR APCH. This list should be consistent with
the requirements for conduct of the particular approach, and the operator’s FOSA which will identify
and assess the risks associated with equipment failure during an approach.

The PBN manual, for example, requires that for RNP AR APCH where RNP is less than 0.3 that there
should be no single point of failure. Many operators will specify redundant equipment for approaches
irrespective of the RNP, particularly where terrain is an issue.

10.18 Use of autopilot and flight director

The manufacturer’s guidance will normally provide recommendations on the use of auto-pilot and/or
flight director. Irrespective of this guidance, the underlying philosophy of RNP AR APCH is that
maximum use is made of the aircraft systems and auto-coupled approaches should be regarded as
standard practice. This should not preclude the use of flight director (consistent with manufacturer
procedures) when autopilot is not available or in other circumstances (e.g. OEI operations).

Note:  The FTE used by the aircraft manufacturer to demonstrate RNP capability may be dependent upon the use
of a coupled auto-pilot. A lesser RNP capability may be applicable to procedures flown using flight director.

10.19 RNP selection.

The RNP for an approach or segment of an approach can be set by a number of means, including a
default value (commonly RNP 0.3), automatic extraction from the navigation database or pilot
selection. In all cases a crew procedure is necessary to check that the required RNP is selected prior to
commencement of the procedure.

It is common for more than one line of minima to be published with lower RNP associated with lower
DAs. Standard practice is to select the highest RNP consistent with the operational requirement. For
example if the RNP 0.3 DA is likely to permit a successful approach then a lower RNP would not be
selected, as lowering RNP tightens the alerting limits and increases the possibility of an alert message.

10.20 GNSS updating

RNP AR APCH procedures are dependent on GNSS positioning, and the availability of GNSS, (as well as
the available level of RNP) should be checked prior to commencement of an approach. The failure of a
GNSS receiver (i.e. an equipment failure) is commonly annunciated, but in the normal case where
duplicated GNSS receivers are installed, the approach can continue normally using the serviceable
receiver. A loss of GNSS updating due to a loss of signal may occur at any time, but an alert will not
normally be generated immediately. Where position integrity can be maintained following the loss of
GNSS a valid position continues to be displayed.

When the required performance cannot be sustained an alert will be generated, and the normal
procedure is to conduct a go-round, unless the approach can be conducted visually. During the
operational approval attention must be placed on determining the alerting protocol associated with
both loss of a receiver and loss of signal and the operating procedures evaluated accordingly.
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10.21 Track deviation monitoring.

A basic principle of RNP is performance monitoring and alerting. In most cases the monitoring of FTE
is a flight crew responsibility and is not provided by an automated system. The acceptable tolerance
for normal operations is % the navigation accuracy. In practice FTE, normally managed by the
autopilot, is very small for both straight and turning flight. An observed cross-track standard deviation
of less than .01NM is typical and while the flight crew must understand their responsibility in regard
to monitoring of FTE, there is normally no action required at all.

Deviation from track is most likely to occur due to a loss of AP guidance (disconnection of failure to
connect), inadvertent limitation of bank angle, incorrect or delayed mode selection, and in rare cases,
excessive wind during turns. In the event of an excursion from the flight planned path, immediate
action should be taken to regain track, or a go-round conducted if the cross-track error reaches 1 x
RNP. The lateral navigation mode must be engaged (or re-engaged) during the go-round and accurate
tracking regained.

Note that while the allowable tolerance is relative to RNP the actual FTE is independent of the selected RNP.

FTE monitoring and management is of greater interest in regard to non-normal events. Attention
should be placed on OEI operations, autopilot disconnect, loss of lateral navigation guidance, go-round
and similar events. FTE limits can also be exceeded in turns if bank angle is not maintained, airspeed
is excessive or winds are stronger than designed. Sound procedures need to be in place to recognise
any deviation, including crew callouts and appropriate recovery or go-round actions. Automation
induced complacency given the accuracy and reliability of track adherence in normal operations is a
concern and attention should be placed on awareness of potential factors that might lead to a FTE
increase, rather than simple reliance upon crew monitoring. The evaluation of cockpit displays (refer
aircraft eligibility) should also be considered against the background that in normal circumstances
track adherence is excellent and recognise that the primary function of cross-track error display is to
provide adequate indication to the flight crew should a deviation occur.

10.22 Vertical Navigation
IAF

/

Final segment uses
Vertical Error Budget based
on Barometric VNAV

FAF  Vertical

Figure 10.4: RNP AR APCH Vertical Navigation
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At the present time RNP AR APCH uses barometric VNAV which is currently available on most aircraft
otherwise capable of RNP AR APCH operations. Other VNAV systems will become available (e.g. SBAS)
but only baro-VNAV is discussed in this section.

Most commercial jet transport aircraft are equipped with a baro VNAV system that is compliant with
FAA AC 20-129 which has been in existence for many years. The vertical performance parameters
contained in AC 20-129 were developed at a time when the use of baro-VNAV for RNP AR APCH
operations had not been envisioned and do not match the requirements for RNP AR APCH.

However the actual performance of installed VNAV systems has been demonstrated to provide
accurate vertical guidance which meets the standard necessary for RNP AR APCH.

It is therefore necessary to obtain data to substantiate the VNAV performance. The basis of the
procedure design is the VEB which is comprised of the following elements:

e Altimetry System Error (ASE)

e Flight Technical Error (FTE)

e Horizontal coupling or Actual Navigation Performance Error (ANPE)
e Waypoint resolution error (WPR)

e Vertical angle error (VAE)

e Atis Error

The VEB is computed using the following formula:
VEB =BG + ISAD +%x/ANPE2 +WPR? + FTE? + ASE? +VAE? + ATIS

Where :
BG is Body Geometry (allowance for wing span during turning flight)
ISAD is ISA Deviation which is the allowance for temperature effect

ANPE, WPR and ATIS errors are either fixed or independent of the aircraft. The elements that
need to be evaluated are:

Altimetry system error (ASE);
Flight technical error
Vertical angle error

ASE should be determined by the manufacturer and documentation provided to show that the aircraft
meets the minimum requirement;

The 99.7% altimetry system error for each aircraft (assuming the temperature and lapse rates of the ISA) shall
be less or equal to than the following with the aircraft in the approach configuration:

ASE =-8.8x108x H2 + 6.5x10-3 xH + 50 (ft)
Where H is the true altitude of the aircraft.

This information may be obtained from the manufacturers in most cases, or from other regulatory
authorities that have conducted an operational approval for the particular aircraft. Where insufficient
data exists, in-service data can be collected using on-board engineering or QAR data collection, during

the initial implementation period.
]
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Aircraft which are RVSM compliant should have no difficulty in meeting the ASE requirement.

The value for FTE used in the calculation of VEB is 23m (75ft)/ 99.7% (30 ) and it needs to be
established that the aircraft can meet this requirement. Most manufacturers will provide a statement
that the FTE/99.7% is less than this value, and performance is typically of the order of 50 - 60 ft.
Where the manufacturer supplied data is unavailable, insufficient or inconclusive, the FTE values can
be substantiated during initial operations by collecting on-board data from the engineering
monitoring system or QAR. Operations may need to be limited to a high minima or visual conditions
during the data collection periods.

Vertical angle error is a value normally set by the FMS manufacturer, and should be equal or less than
0.01°. As many FMSs were designed when there was no requirement for such as accurate definition of
vertical flight path angle, the value could be as high as 0.1°. This of itself does not mean that the
aircraft is unable to qualify as the VEB is a sum of all the contributing errors. An analysis of the sum of
all the errors, including a high value of VAE should demonstrate that the VEB remains with in the
design limit.

10.23 Vertical deviation monitoring.

Although variations in FTE are accommodated in the VEB, it is a flight crew responsibility to monitor
FTE and limit any excursions above and below the vertical flight path.

Most aircraft do not have a system for automatic monitoring and/or alerting of deviation from the
vertical flight path and this function is a crew responsibility. The maximum acceptable deviation
below the flight path is set at 23m (75ft). Crew procedures must detail the callouts required when a
deviation is observed, and mandate a go-round if the deviation exceeds the maximum. Deviations
above the flight path do not compromise obstacle clearance in the final approach, but can result in the
aircraft arriving above the flight path, leading to destabilisation of the approach, a long landing, energy
management issues and other effects. Sustained deviation above the flight path should be limited to
less than 75ft.

During the evaluation of the aircraft systems attention should be placed on the vertical flight path and
deviation displays which need to be adequate to allow flight crew monitoring of flight path deviations.

Although the design of an RNP AR APCH procedure uses the VEB obstacle clearance only in the final
approach segment, it is operationally convenient to nominate a point prior to the FAF at which the
aircraft is to be established on the lateral and vertical flight path, with the appropriate flight mode
engaged (e.g. VNAV PATH or FINAL APP) in a suitable approach configuration, and in stable flight.
Although various terms have been used for this point, Vertical Intercept Point (VIP) is becoming
accepted in common use. This is also useful to indicate to ATC the latest point at which the approach
can be joined if it is necessary to take the aircraft off-track after the IAF.

10.24 Maximum airspeeds

As the ability for an aircraft to remain on track during an RF leg is limited by angle of bank and
groundspeed, it is important that the operational approval addresses both the aircraft capability and
the flight crew responsibilities associated with this common manoeuvre.

Bank angle authority is subject to a number of factors including crew selection, airspeed, altitude,
ground proximity, loss of systems (e.g. RADALT) and can result in an unplanned reduction of
commanded bank angle leading to a deviation from track.
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The minimum radius for an RF legs is determined by the assumed maximum bank angle (25°/ 8°
above/below 121m (400ft) respectively) at the maximum design ground speed. The maximum
groundspeed is a function of the assumed maximum true airspeed, (which is affected by altitude and
temperature) and an assumed rare normal tailwind component. In normal operations, as flight is well
within the maximum limits (i.e. light winds) observed bank angles are low. However should design
rare normal tailwind conditions exist, and/or the maximum design airspeed is reached or exceeded,
then the aircraft will command up to the maximum bank angle in order stay on the flight path. If the
bank angle is reached, any further increase in groundspeed will result in a deviation from the flight
path.

It is necessary that flight crews understand the effect of airspeed on track keeping in RF turns and
limit speeds to the maximum used in design. The design airspeeds used for various phases of flight
and aircraft category are published in the PBN Manual. Maximum airspeeds may also be programmed
in the navigation database enabling less reliance on flight crew memory to manage airspeed.

Although not a mandatory function for RNP AR APCH the capability to fly an RF leg is commonly
required for RNP AR APCH procedures. Consequently it is unusual for an operational approval to not
cover operations with RF legs.

10.25 Limiting temperature

Obstacle clearance in the final approach segment is adjusted to allow for the change in flight path with
temperature. In temperatures below ISA the actual vertical flight path is flatter than the nominal
designed gradient and obstacle clearance is reduced. The procedure designer, in order to maintain
minimum clearance from obstacles beneath the final approach path, may need to limit the operating
temperature, and a minimum temperature is published on the approach chart.

Some aircraft systems incorporate a temperature compensation system which allows the design flight
path gradient to be flown, removing the requirement to protect the final approach path from the effect
of temperature. However the majority of air transport aircraft do not have temperature compensation
installed.

Note: Some operations also incorporate provision for non-normal operations, and temperature limits may also be
predicated on OEI climb performance.

10.26 Altimeter setting procedures

As the flight path guidance provided by a barometric VNAV system is directly affected by the
barometric pressure subscale setting, particular attention needs to be placed to pressure setting
procedures and associated aircraft systems.

10.27 TOGA Navigation Functionality

The Take-off Go Around (TOGA) function in most existing aircraft installations was designed to assist
in the conduct of a missed approach in circumstances where the general requirement is to maintain
the approach track during the missed approach. For RNP AR APCH operations this typical
functionality is no longer an appropriate solution and the PBN Manual requirement is that missed
approach guidance is provided such that continual lateral navigation guidance is provided in the go-
round. The terms TOGA to LNAV, or TOGA to NAV describe this functionality in common usage.

This feature is becoming standard on production aircraft and is available as an upgrade on many later
model aircraft. Where the function is not available, special crew procedures and training may be
developed to overcome this limitation. Normally it will be necessary to over-ride the normal TOGA
track hold function and manually maintain the RNP track until the normal RNP navigation can be re-

engaged.
|
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10.28 Navigation Database

The PBN Manual includes a number of requirements associated with the navigation database as
follows:

Data management process: Operators who are experienced in RNAV operations are likely to have
sound procedures in place for the management of data. Less experienced operators may not fully
understand the need for comprehensive management procedures and may need to develop or
improve existing procedures.

Data Suppliers: The requirement for a data supplier to have an approval in accordance with RTCA
D0200A/Eurocae ED76 is now common practice. It is common for States to recognise a LoA issued by
the State where the data base supplier is located. It should be noted that despite the requirement for a
LoA that data errors may still occur and dependence on quality management alone is not sufficient.

Initial Data Validation: The procedure designer is required to conduct an initial flight validation in an
RNP capable aircraft. Experience has been that despite the validity of the data originating in the design
office errors can occur downstream in data packing, reading and interpreting of data, data execution
and functionality, and it is necessary for each operator to conduct an initial data validation to ensure
correct operation in the particular type/model of aircraft to be flown.

While this requirement is necessary it can present problems in practice. If the validation is to be done
in a simulator, then the simulator should accurately replicate the aircraft. In many cases this is not
possible as simulators tend to lag behind aircraft in terms of upgrades. Consideration may need to be
made for the simulator compatibility, complexity of the procedure, past experience and other factors.
If a suitable simulator is not available then validation may need to be conducted in the aircraft. This
can be achieved with safety in visual conditions during normal revenue operations without incurring
additional unnecessary expense.

Cyclic Data Validation: This is an important consideration in the management of navigation data as
each update provides a subtle opportunity for data errors to occur. Various methods are used in an
attempt to ensure that data remains valid, but the most reliable method involves an electronic
comparison of the new database against a database of known validity. For this process to be
successful, source data in electronic form is necessary, although most States have yet to implement
facilities to enable the export of procedures in an electronic file.

(Note: The file should be derived directly from the procedure designers electronic data file without human intervention.).

Data Updates: Changes are routinely made to all approach procedures and unless there is a significant
change to the flight path, either laterally or vertically, re-validation should not be necessary. The cyclic
comparison of new versus old data must be designed to identify changes that have not been ordered
prior to the effective date for each database cycle. Action can then be taken to rectify the problem
before the effective date, or issue corrective action such as notices to flight crew, withdrawal of
procedures etc.

In cases where an effective electronic cyclic data validation process is not available, it may be
necessary to conduct re-validation of procedures at each cycle. This is a time-consuming and complex
procedure which should be avoided wherever possible.

10.29 Flight crew training

Properly conducted RNP AR APCH operations are perhaps the simplest yet most efficient approach
operation available. The fact that normal operations, routinely conducted using the aircraft auto-flight
system, provide excellent repeatable and very accurate flight path guidance can mislead operators
into a false sense of security.
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It must be recognised that the improvements in operational capability and efficiency need to be
matched by an enhanced awareness and sound operating procedures. One of the subtle risks to RNP
AR APCH operations is the reduced levels of alertness that may occur simply due to the confidence
that crews have in the operation. Thorough flight crew training is essential to ensure that crews are
fully conversant with the aircraft systems and operations and are able to manage all normal and non-
normal operations with confidence. Training needs to emphasise the role of the flight crew to monitor
the aircraft systems and a thorough understanding of aircraft systems management.

Training requirements will vary significantly depending on the operator’s previous experience.
Operators familiar with the conduct of RNP APCH (RNAV ¢nss) operations will find the transition to
RNP AR APCH less demanding. Operators without relevant experience would be well advised to
progress slowly and introduce RNP AR APCH operations under a phased implementation program.

As a guide, crews with previous relevant RNAV approach experience will typically require a minimum
of one day ground briefing on RNP AR APCH principles, systems and operating procedures, and one
or more 4hr simulator training sessions (per crew).

10.30 Flight Operational Safety Assessment (FOSA)

The improved capability of RNP AR APCH operations enables approach procedures to be designed to
low decision altitudes at locations where conventional approach procedures are not possible. The
ability to deliver an aircraft to a DA as low as 75m/250ft in close proximity to terrain brings with it
increased exposure to risk in the event of a critical systems failure.

The safety of normal RNP AR APCH operations is not in question, and compliance with the
requirements of the RNP AR APCH navigation specification is regarded as sufficient to meet the
required level of safety. The FOSA is intended to provide assurance that the level of safety is
maintained in the event of a non-normal event.

ICAO instrument approach procedure design criteria do not make provision for non-normal events
and consequently approach procedures are designed without regard to the consequences of failures,
and could therefore place an aircraft in a situation where there is increased exposure to risk in the
event of a system failure.
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While there are elements of an approach procedure that are associated with the air navigation service
provider, the aircraft manufacturer, and the procedure designer, the fundamental responsibility for
the FOSA rests with the operator.

The method used to conduct the FOSA is of less importance that the fact that an assessment of the
hazards is conducted. There are generally accepted practices for risk assessment adopted by a
number of industries which can be applied to the FOSA.

In general, the following basic principles should be applied.

1. Each of the hazards should be identified. Guidance on typical hazards is provided in the
PBN Manual, but this list should not be regarded as exhaustive.

2. The probability of a hazard event occurring should be assessed. For example, probability
may be assessed as:

a. Almost certain
b. Likely

c. Possible

d. Unlikely

e. Rare

f. Extremely Rare
3. Assess the consequences of each event, for example:
a. Minor
b. Moderate
c. Major
d. Severe
e. Catastrophic
4. Identify risk mitigators (including documentation)
5. Evaluate the overall risk

At the end of this process all risk outcomes should be assessed as low or “as low as reasonably
practical”.

For example:

Hazard: Loss of integrity during an approach with RF legs

Probability: Rare

Consequences: Minor (Go-round, IRS nav available)

Risk mitigators: Availability prediction, TOGA to LNAV available, crew training
References: OPS Manual Section 5 Ch 2 RNP availability program
Fight crew operations manual Part II Section 3 para 7.4.3.1
Flight crew training Manual Section4 Chapter 1 para 1.9.3

Risk Assessment: Low
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Chapter 11 RNP 0.3
11.1 General

RNP 0.3 is primarily intended to support helicopter operations — en-route, arrivals, departures and
approaches. However, it does not exclude fixed wing operations where the demonstrated
performance is sufficient to meet the functional and accuracy requirements for all phases of flight.

11.2 System requirements

The aircraft requirements are detailed in the PBN manual (Doc 9613), Volume II, Part C, Chapter 7,
7.3.3.

11.3 Operating procedures

The operating procedures are addressed in the PBN manual (Doc 9613) Volume II, Part C, Chapter 7,
7.3.4. Some additional provisions may need to be added to the standard operating procedures to
specifically address RNP 0.3 operations.

11.4 Pilot knowledge and training

1 The pilot knowledge and training requirements are addressed in the PBN manual (Doc 9613),
Volume II, Part C, Chapter 7, 7.3.5. Flight crews should possess the necessary skills to conduct
RNP 0.3 operations with minimal additional training.

2 Where additional training is required, this can normally be achieved by bulletin, computer-
based training or classroom briefing. Flight training is not normally required.
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11.5 Job Aid Specific elements

CONTENTS OF THE OPERATOR APPLICATION

# | Topic Specific Specific State | Operator Inspector Follow-up
ICAO Guidance compliance | disposition/ | by
reference | reference description | comments Inspector

(optional)
(Doc 9613, | (AC/AMC/CA, | (Document | (Accepted (Status and
Volume I, | etc.) reference/ | /not date)
Part (0 method) accepted)
Chapter 7)

1 | Authorization
request

Statement of intent to
obtain authorization.

2 | Aircraft/navigation | 7.3.2.2

system eligibility 7.3.2.3.1
Documents that
establish eligibility.
3 | Training 7.3.2.3.2
7.3.5

Details of courses
completed (xxx91
operators).

Details of training
programmes (xxx121
and xxx135 operators)

4 | Operating policies | 7.3.2.3.3
and procedures

Extracts from the
operations manual or
other documentation
(xxx91 operators).

Operations  manual
and checklists
(xxx121 and xxx135
operators)
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5 | Maintenance 7.3.2.3.5
practices 7.3.6
Document navigation
database maintenance
practices.
6 | MEL Update 7.3.2.34
OPERATING PROCEDURES
# | Topic Specific Specific Operator Inspector Follow-
ICAO State compliance | disposition/ | up by
reference | Guidance description | comments Inspecto
reference r
(optional
)
(Doc 9613,| (AC/AMC/CA, | (Document | (Accepted (Status
Volume 1],| etc.) reference/ | /not and date)
Part G, method) accepted)
Chapter 7)
1 | Flight Planning
la | Verify that the aircraft | 7.3.4.1
and crew are approved
for RNP 0.3 operations.
1b | Verify RAIM/SBAS | 7.3.4.3
availability 7.3.4.4.3
1c | Verify that the | 7.3.4.2
navigation database is
current.
1d | Verify the FPL: 7.3.4.2
"R" should appear in
field 10 and PBN/ TBD
in field 18.
2 | General operating
procedures
2a | Comply with the | 7.3.4.4.1
manufacturer's
instructions/procedures
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2b | Advise ATC if unable to | 7-3-4:4.2
comply with the
requirements for RNP
0.3

2c¢ | Verify aircraft position | 7-3-4.4.4
and entry of assigned
route.

2d | Retrieve SID/STAR/APP | 7.3.4.4.5
from the database;
retrieve ATS route from
database or construct
route with waypoints
from database

2e | Cross check the chart | 7-3.4.4.6
with the RNAV system
display.

2f | Follow route centre line | 7-3-4.4.8
within 0.15 NM

2g | Do not modify the flight | 7-3-4-4.9
plan in the RNAV
system after ATC
heading assignment
until a clearance is
received to re-join the
route or a new
clearance is confirmed

2h | Do not select bank |7-3-4.4.10
limiting functions

2i | If manual selection, set | 7-3-4.5
RNP 0.3 for all loaded
RNP 0.3 routes.

3 | RNPO0.3SID
Requirements

3a | Prior to take-off, check | 7.3.4.6.1
the RNAV system, the
aerodrome and
procedure loaded and
the displayed position.
3b | If GNSS, signal must be | 7.3.4.6.2
acquired before start of
take-off roll.

3c | Engage FGS before first | 7.3.4.6.3
waypoint.
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4 | RNP 0.3 STAR
Requirements
43 | Verify that the correct| 7.3.4.7.1
STAR is loaded and
displayed.
4b | Manual entry of | 7.3.4.7.2
waypoints not
authorized.
4c | Contingency 7.3.4.7.3
preparations.
4d | Procedure modifications | 7.3.4.7.4
in response to ATC
instructions.
4e | Verify  the  correct| 7.3.4.7.5
operation of the
navigation system and
that the correct
procedure, transition
and runway are loaded.
CONTINGENCY PROCEDURES
# | Topic Specific Specific Operator Inspector Follow-up
ICAO State compliance | disposition/ | by
reference | Guidance description | comments Inspector
reference (optional)
(Doc 9613, | (AC/AMC/C | (Document | (Accepted (Status
Volume II, | A, etc.) reference/ /not and date)
Part G method) accepted)
Chapter 7)
1 | Contingencies
la | Advise ATC if unable to | 7.3.4.8
comply with the
requirements for A-
RNP.
1b | Air-ground 7.3.4.8
communications failure. | (poc 4444,
Chapter
15, 15.3)

*All references are to the PBN Manual (Doc 9613), Vol. II, Pat C, Chapter 7, unless otherwise indicated.
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RNAV 10 JOB AID
APPLICATION TO CONDUCT RNAV 10 (RNP 10)

1. Introduction

This Job Aid was developed to provide States, operators, and inspectors with guidance
on the process to be followed in order to obtain an RNAV 10 (RNP 10) approval. It
should be used as an aid for the approval process but frequent reference to the ICAO
PBN Manual (DOC 9613) Volume II, Part B, Chapter 1 contains detailed guidance on
the implementation of RNAV 10 (Designated and Authorized as RNP 10) and ASD PBN
Operational Approval Manual will be required.

2. Purpose of the Job Aid

2.1 To give operators and inspectors information on the main RNAV 10 reference
documents.

2.2 To provide tables showing the contents of the application, the associated reference
paragraphs, the place in the application of the operator where RNAV 10 elements are
mentioned and columns for inspector comments and follow-up on the status of
various elements of RNAV 10.

3. Actions Recommended for the Inspector and Operator

3.1 At the pre-application meeting with the operator, the inspector reviews the “basic
events of the RNAV 10 approval process” described in Section 1 of this Job Aid, in
order to provide an overview of the approval process events.

3.2  The inspector reviews this Job Aid with the operator in order to establish the form and
content of the RNAV 10 approval application.

3.3  The operator uses this Job Aid as a guide to collect the documents of the RNAV 10
application.

3.4  The operator inserts in the Job Aid references showing in what part of its documents
are the RNAV 10 elements located.

3.5  The operator submits the Job Aid and the application to the inspector (with the
required documents).

3.6  The inspector indicates in the Job Aid whether an item is in compliance or needs
corrective action.

3.7  The inspector informs the operator as soon as possible when a corrective action by the
operator is required.

3.8  The operator provides the inspector with the revised material when so requested.

3.9 The Kuwait DGCA provides the operator with the operational specification (air
operators) or a letter of authorization (others), as applicable, when the tasks and
documents have been completed.

|
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SECTION 1 - INFORMATION ON THE IDENTIFICATION OF AIRCRAFT AND OPERATORS

NAME OF THE OPERATOR: is applying for RNAV 10 (RNP 10)

Operations Approval.

List relevant make and model of

Aircraft Aircraft Registration
related navigation equipment

manufacturer, (required only if installed

model, and series | equipment varies between
model and series)

DATE OF PRE-APPLICATION MEETING

DATE ON WHICH THE APPLICATION WAS RECEIVED

DATE ON WHICH THE OPERATOR INTENDS TO BEGIN RNAV 10 (RNP 10) OPERATIONS
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SECTION 2 - OPERATOR APPLICATION (ITEMS AND DOCUMENTS)

Indication of
Item Title of document inclusion by
the operator

Comments by the
Inspector

Airworthiness documents showing aircraft
eligibility for RNAV 10 (RNP 10).

1 AFM, AFM revision, AFM supplement, or Type
certificate data sheet (TCDS) showing that the
LRNS is eligible for RNAV 10 (RNP 10).

Aircraft modified to meet RNAV 10 (RNP 10)
standards.

Documentation on aircraft inspection and/or
modification, if applicable.

Maintenance program

e For aircraft with established LRNS
maintenance practices, the list of references
of the document or program.

e For newly installed LRNS provide LRNS
maintenance practices for review.

Minimum Equipment List (MEL) if applicable
showing provisions for LRNS

Training programme for flight crews, flight
5 dispatchers, and maintenance personnel as
applicable.

Operating policies and procedures including
relevant section of Operations Manuals and
checklists attached to the application, applicable
to RNAV 10

Navigation database (if carried)

7 Details of the navigation data validation
programme.
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SECTION 3 - GUIDE FOR DETERMINING RNAV 10 (RNP 10) AIRCRAFT ELIGIBILITY

Reference o
paragraphs Location in the
Item Topics ICAO Doc 9613 Documents of | Comments

Vol lIPartB1 | theoperator

Eligibility Method 1 - Eligibility of
1 | aircraft through RNP certification. (RNP 1.3.3.1.2
compliance documented in the AFM).

Eligibility Method 2 - Eligibility of
2 aircraft through previous certification 1.3.3.1.3
of the navigation system.

Eligibility Method 3 - Eligibility of

3 aircraft through data collection. 13314
4 | Aircraft Equipment
Dual Long Range Navigation Systems 1.3.4
Dual GNSS 1.3.4.21
GNSS approved as primary means of 134211

navigation (AC 20-138 or equivalent)

Multi-sensor systems into which the
GNSS is integrated (AC 20-130 or 1.3.4.2.1.2
equivalent).

Complies with regulations/advisory
information for use of GNSS for primary 1.3.4.2.1.3
oceanic/remote performance

Approved FDE prediction programme 1.3.4.2.1.4

Dual INS or IRS 1.3.4.2.21

INSs or IRUs approved according to 14
CFR, Part 121, Appendix G (time limit 1.3.4.2.21
6.2 hours).
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piige;:al;clfs Location in the
Item Topics ICAO Doc 9613 Documents of | Comments

Vol lIPartB1 | theoperator

INSs or IRUs approved for MNPS
operations in the North Atlantic or

RNAV operation in Australia (time limit 134.2.21
6.2 hours).

Application for extended time limit 1.3.4.2.3
Operator route evaluation conducted 1.3.9.6
Single IRS or IRU and Single GNSS 1.3.4.24
INS/IRU approved to 14 CFR Part 121 13424

Appendix G or equivalent

GNSS authorized for oceanic/remote
(TSO C129a with FTE, TSO C145a/1464a, 1.3.4.2.4
or equivalent)

Approved FDE prediction programme 1.3.4.2.4

CAP : 205 Page 126 of 200 Issue: 2, Rev. 0,

November 2022



PERFORMANCE BASED

)) NAVIGATION (PBN)
w20l Glabail | OPERATIONAL APPROVAL | §/4iation Satety
MANUAL T i et 2e3u 3,131 Department

Cugall &g - aall gkl dolall &laul
rate G State of Kuwait

Birecto eneral of Civil Avtation -

SECTION: PART 3 - JOB AIDS

SECTION 4 - PROCEDURES FOR RNAV 10 (RNP 10) OPERATIONS

Reference Lo
paragraphs Location in the
Item Operating Procedures ICAO Doc 9613 ]zl(::l:)m::;tso?.f Comments
Vol Il Part B 1 P
1 Flight planning

Verify that aircraft has been approved 135

for RNAV 10 (RNP 10) operations. o

Verify that two LRNS are operational. 1.3.6.1

Verify that the RNAV 10 (RNP 10) time
limit has been taken into account 1.3.5.2 (a)
(aircraft equipped with only INS/IRU).

Verify requirements for GNSS, such as

FDE, if applicable to the operation. 1.3.5.2(b)

Insert the letter “R” in Box 10 of the

ICAO flight plan 1.3.7

If required, take into account any
operational restriction related to RNAV
10 (RNP 10) approval for a specific
navigation system.

1.3.5.2 ()

2 Pre-flight procedures

Review of maintenance logs and forms

for LRNS status 1.3.5.3 (a)

Review the emergency procedures for
operations in RVAV 10 (RNP 10) 1.3.5.3 (c)
airspace or routes.

3 En-route procedures

Before oceanic point of entry verify at
least two LRNS capable of navigating in
RNAV 10 (RNP 10). If not consider 1.3.9.1
using an alternate route or initiating a
deviation.
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piige;:al;clfs Location in the
Item Operating Procedures ICAO Doc 9613 Documents of | Comments

Volll PartB1 | theoperator

Before entering oceanic airspace, check
aircraft position as accurately as 1.3.9.2
possible using external navigation aids.

Cross-check procedures in order to
identify navigation errors in advance

and prevent the aircraft from 1.3.9.3
inadvertently deviating from the routes
authorised by the ATC.

Notify the ATC of any degradation or
failure of the navigation equipment
below the navigation performance 1.3.9.4
requirements, or of any deviation
required for a contingency procedure.

Operator procedures for use of a lateral
deviation indicator, an FD or an AP in

lateral navigation mode (LNAV) for RNP 1.3.95
10 operations.
Operator procedures for limiting FTE to

. 1.3.9.5
+/- ¥ navigation accuracy.
Operator procedures for manual 1399

updating of position (if approved).
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RNAV 5 JOB AID
APPLICATION TO CONDUCT RNAV 5

1. Introduction

This Job Aid was developed to provide operators, and inspectors with guidance on the
process to be followed in order to obtain an RNAV 5 approval. It should be used as an aid for
the approval process but frequent reference to the ICAO PBN Manual (DOC 9613) Volume II,
Part B, Chapter 2 contains detailed guidance on the implementation of RNAV 5 and ASD PBN
Operational Approval Manual will be required.

2. Purpose of the Job Aid

2.1 To give operators and inspectors information on the main RNAV 5 reference
documents.

2.2 To provide tables showing the contents of the application, the associated reference
paragraphs, the place in the application of the operator where RNAV 5 elements are
mentioned and columns for inspector comments and follow-up on the status of
various elements of RNAV 5.

3. Actions Recommended for the Inspector and Operator

3.1 At the pre-application meeting with the operator, the inspector reviews the “basic
events of the RNAV 5 approval process” described in Section 1 of this Job Aid, in order
to provide an overview of the approval process events.

3.2  The inspector reviews this Job Aid with the operator in order to establish the form and
content of the RNAV 5 approval application.

3.3  The operator uses this Job Aid as a guide to collect the documents of the RNAV 5
application.

3.4  The operator inserts in the Job Aid references showing in what part of its documents
are the RNAV 5 elements located.

3.5  The operator submits the Job Aid and the application to the inspector (with the
required documents).

3.6  The inspector indicates in the Job Aid whether an item is in compliance or needs
corrective action.

3.7  The inspector informs the operator as soon as possible when a corrective action by the
operator is required.

3.8  The operator provides the inspector with the revised material when so requested.

3.9 The Kuwait DGCA provides the operator with the operational specification (air
operators) or a letter of authorization (others), as applicable, when the tasks and
documents have been completed.
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SECTION: PART 3 - JOB AIDS

SECTION 1 - INFORMATION ON THE IDENTIFICATION OF AIRCRAFT AND OPERATORS

NAME OF THE OPERATOR: is applying for RNAV 5

Operations Approval.

Aircraft manufacturer, Aircraft Registration List relevant make and
model, and series (required only if installed model of related
equipment varies between navigation equipment

model and series)

DATE OF PRE-APPLICATION MEETING

DATE ON WHICH THE APPLICATION WAS RECEIVED

DATE ON WHICH THE OPERATOR INTENDS TO BEGIN RNAV 5 OPERATIONS
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SECTION 2 - OPERATOR APPLICATION (ITEMS AND DOCUMENTS)

Indication of
Item Title of document inclusion by the
operator

Comments by
the Inspector

Airworthiness documents to determine aircraft
eligibility
1 Airworthiness documents that establish the aircraft

and the navigation system have been approved for
RNAV 5 operations.

RNAV 5 system requirements
Documents that show the aircraft equipment
One (1) RNAV system comprising of:

e one or a combination of the following navigation
sensors: VOR/DME, DME/DME, INS or IRS, and GNSS;

2
e an Area Navigation (RNAV) computer;
« a Control Display Unit (CDU); and
e a navigation display(s) or instrument(s) e. g,
Navigation Display (ND), Heading Situation Indicator
(HSI) or Course Deviation Indicator (CDI).
Maintenance program
1. For Aircraft with established RNAV or GPS stand-
3 alone maintenance practices provide document
references.
2. For newly installed RNAV or GPS stand-alone
provide maintenance practices for review.
4 Minimum equipment list (MEL) if applicable

showing provisions for RNAV 5 systems.

Training

5 Training program for flight crews, flight dispatchers,
and maintenance personnel as applicable

Operational policies and procedures

6 Operations manual and checklists or sections to be
attached to the application, corresponding to RNAV 5
operating procedures and policies.

Navigation database (if carried)

Details of the navigation data validation programme.
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SECTION 3 - GUIDE FOR DETERMINING RNAV 5 AIRCRAFT ELIGIBILITY

Reference L
paragraphs Location in the
Item Topics ICAO Doc 9613 ]iﬁzl:,m::;tsozf Comments
Vol Il Part B 2 P
1 | Aircraft eligibility
Aircraft approved for B-RNAV 2.3.1.1
Aircraft with an approved statement of 2321
compliance o
Aircraft with  statement by the
23.21
manufacturer
Aircraft and System requirements -
2 .
one of the following
2.3.3.2.2
R/DME or DME/DME
VOR/ or / system 93323
INS or IRS 23321
GNSS
a) TSO C129 with pseudo range step
detection and health word checking; or 2.3.3.2.4
b) TSO C129 (a) or TSO C145 () or TSO
C146( ) or equivalent
Availability of conventional navigation
3 equipment as a back-up in the event of 2.3.3.2.4.3
loss of GNSS, if required by the State.
4 | RNAV 5 system functional requirements 2.3.3.3
SECTION 4 - PROCEDURES FOR RNAV 5 OPERATIONS
pl;it:gr:;;clfs Location in the
Item Operating Procedures ICAO Doc 9613 2]?£l:,m::::0(:~f Comments
Vol II Part B 2 P
1 Flight planning
Verify aircraft is approved for RNAV operation. 2.3.4.1
File appropriate flight plan suffixes for RNAV 5 23.4.2.1
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plii?gr:al;)clfs Location in the
Item Operating Procedures ICAO Doc 9613 l:](‘:zl:)m::at:o(:'f Comments
Vol Il Part B 2 P
Verify that GNSS or ground-based navigation
aids required for RNAV 5 operations are 23422
available for the route and period of e
operations, including any contingencies.
Verify that database is current and 23423

appropriate for the route (if carried)

Confirm availability of GNSS (if carried).
Revise flight planning if a continuous loss of 2.34.3
integrity of more than 5 minutes is predicted

2 General operating procedures

Operator procedures to ensure flight crew
do not request, or file a flight plan for
RNAV 5 routes unless they meet all the
criteria in the relevant State documents.

23441

Operator procedures to ensure any
manufacturer requirements, to meet the 2.3.4.4.2
RNAV 5 performance requirements

For RNAV 5 routes - procedures for the
use of a lateral deviation indicator, a FD 2.3.4.4.7
or an AP in the lateral navigation mode.

Operator procedures for setting lateral

deviation scale (where applicable) 2.3447
Operator procedures for limiting FTE to
. 2.3.4.4.8
+/- %2 navigation accuracy
Operator procedures for rejoining route
. . 2.3.4.4.9
following ATC course assignment
3 Contingency Procedures
Notification of ATC when RNAV
performance ceases to meet the 2.3.4.5.1
requirements for RNAV 5
Operator procedures for use of GNSS;
a) Loss of integrity monitoring function 2.3.4.5.3 a)
b) Integrity alert 2.3.4.5.3Db)
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RNAV 1 AND RNAV 2 JOB AID
APPLICATION TO CONDUCT RNAV 1 AND RNAV 2 OPERATIONS

1. Introduction

This Job Aid was developed to provide air operators, and inspectors with guidance on
the process to be followed in order to obtain an RNAV 1 and RNAV 2 approval. It
should be used as an aid for the approval process but frequent reference to the ICAO
PBN Manual (DOC 9613) Volume II, Part B, Chapter 3 contains detailed guidance on
the implementation of RNAV 1 and RNAV 2 and ASD PBN Operational Approval
Manual will be required.

2. Purpose of the Job Aid

2.1  To give operators and inspectors information on the main RNAV 1 and RNAV 2
reference documents.

2.2 To provide tables showing the contents of the application, the associated reference
paragraphs, the place in the application of the operator where RNAV 1 and RNAV 2
elements are mentioned and columns for inspector comments and follow-up on the
status of various elements of RNAV 1 and RNAV 2.

3. Actions Recommended for the Inspector and Operator

3.1 At the pre-application meeting with the operator, the inspector reviews the “basic
events of the RNAV 1 and RNAV 2 approval process” described in Section 1 of this Job
Aid, in order to provide an overview of the approval process events.

3.2  The inspector reviews this Job Aid with the operator in order to establish the form and
content of the RNAV 1 and RNAV 2 approval application.

3.3  The operator uses this Job Aid as a guide to collect the documents of the RNAV 1 and
RNAV 2 application.

3.4  The operator inserts in the Job Aid references showing in what part of its documents
are the RNAV 1 and RNAV 2 elements located.

3.5 The operator submits the Job Aid and the application to the inspector (with the
required documents).

3.6 The inspector indicates in the Job Aid whether an item is in compliance or needs
corrective action.

3.7  The inspector informs the operator as soon as possible when a corrective action by the
operator is required.

3.8  The operator provides the inspector with the revised material when so requested.

3.9 The Kuwait DGCA provides the operator with the operational specifications (air
operators) or a letter of authorization (others), as applicable, when the tasks and
documents have been completed.
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SECTION 1 - INFORMATION ON AIRCRAFT AND OPERATOR IDENTIFICATION

is applying for RNAV 1 and RNAV2

NAME OF THE OPERATOR:
Operations Approval.

Aircraft manufacturer, Aircraft Registration (required List relevant make and
model, and series only if installed equipment varies model of related
between model and series navigation equipment

DATE OF PRE-APPLICATION MEETING

DATE ON WHICH THE APPLICATION WAS RECEIVED

DATE ON WHICH THE OPERATOR INTENDS TO BEGIN RNAV 1 AND RNAV 2 OPERATIONS
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SECTION 2 - OPERATOR APPLICATION (ITEMS AND DOCUMENTS)

Indication of
Item Title of document inclusion by
the operator

Comments by
the Inspector

Airworthiness documents showing aircraft eligibility
for RNAV 1 and RNAV 2.

AFM, AFM revision, AFM supplement, or Type certificate
data sheet (TCDS) showing that the RNAV navigation
system is eligible for RNAV 1 and RNAV 2 or RNP 1 or
above.

or

Manufacturer statement.- Aircraft with a manufacturer
statement documenting compliance with RNAV 1 and
RNAV 2, or P-RNAV (TGL-10) or FAA AC 90-100( ) or
equivalent.

Note: Approvals in accordance with P-RNAV only or FAA AC
90-100( ) only require additional documentation to meet
RNAV 1 and RNAV 2 requirements

Aircraft modified to meet RNAV 1 and RNAV 2
standards. Documentation on aircraft inspection
2 and/or modification, if applicable.

Maintenance records documenting the installation or
modification of aircraft systems

Maintenance programme
¢ For aircraft with established maintenance procedures
for RNAV 1 and RNAV 2 systems, the list of references

3
of the document or programme.
¢ For recently installed RNAV 1 and RNAV 2 systems, the
maintenance procedures for review.
4 Minimum equipment list (MEL) if applicable showing

provisions for RNAV 1 and RNAV 2.

Training
5 Training programme for flight crews, flight dispatchers,
and maintenance personnel as applicable.

Operating policies and procedures including relevant
6 section of Operations Manuals and checklists attached to
the application, applicable to RNAV 1 and RNAV 2

Navigation database
Details of the navigation data validation programme.
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SECTION 3 - GUIDE FOR DETERMINING RNAV 1 AND RNAV 2 AIRCRAFT ELIGIBILITY
pargge:g:)igcl% A0 Location in the
Item Topics Doc 9613 Vol Il lzl(:ecim:::tso(:‘f Comments
PartB 3 P
System eligibility for RNAV 1 and RNAV 2
" operations
Aircraft with a statement of compliance
with at least one of the following:
a) Aircraft approved under TGL-10 and AC
90-100A 3.3.2.4.2 (a)
b) Aircraft approved under TGL-10 (P-
RNAV) and additional requirements in 3.3.2.4.3 (b)
Table I1-B-3-1
c) Aircraft that comply with AC 90-100A
and additional requirements in Table II- 3.3.2.4.4 (b)
B-3-2
d) Aircraft with a statement by the
manufacturer demonstrating
compliance with RNAV 1 and RNAV 2
requirements.
2 Aircraft and system requirements (as
applicable)
a) FMS with TSO-C129() GNSS 3.3.3.2.1.1 (a)
b) FMS with TSO-C145() GNSS 3.3.3.2.1.1 (b)
c) Stand-alone TSO C129 () Class A1 GNSS 3.3.3.2.1.1 (¢
d) Stand-alone TSO C146 () GNSS 3.3.3.2.1.1 (d)
e) DME/DME RNAV equipment 3.3.3.2.2
f) DME/DME/IRU RNAV equipment 3.3.3.23
3 Functional requirements 3.3.33
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SECTION: PART 3 - JOB AIDS

SECTION 4 - PROCEDURES FOR RNAV 1 AND RNAV 2 OPERATIONS

Reference L
paragraphs Location in the
Item Operating Procedures ICAO Doc 9613 lzl(::l(l)m:lr::o(;f Comments
Vol I Part B 3 .
1 Pre-flight planning

File appropriate flight plan suffix 3.34.21
Ensure on-board navigation data current

and appropriate for the region of intended 3.3.4.2.2

operation

Use all the information available, to confirm
the availability of the required navigation
infrastructure for the projected routes, 3.3.4.2.3
including any non-RNAV contingency, for
the intended operation.

Check GNSS integrity prediction (for GNSS 3.3.4.2.3
equipped aircraft) 3.34.24

For navigation relying on DME, check
NOTAMs to verify the condition of critical
DMEs. Assess capability to navigate
(potentially to an alternate destination) in
case of failure of critical DME while
airborne.

3.3.4.25

2 General operating procedures

Operator procedures to ensure flight crew
do not request, or file a flight plan for
RNAV 1 and RNAV 2 routes unless they 3.3.4.3.2
meet all the criteria in the relevant State
documents.

Operator procedures to ensure any
manufacturer requirements, to meet the
performance requirements of this section
are met

3.3.4.3.1
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plzii;e;:al;clfs Location in the
Item Operating Procedures ICAO Doc 9613 lz](::l:)m::::o(:-f Comments
Vol Il Part B 3 .

At system initialization, pilots must:

a) confirm the validity of the navigation
database;

b) verify the current position of the aircraft;
c) verify the proper entry of the assigned ATC
route once the initial clearance is received, 3.3.4.3.3
and of any subsequent route changes; and

d) ensure that the WPT sequence displayed
on the navigation system coincides with the
route shown in the appropriate charts and
with the assigned route.

Operator procedures to ensure SID/STARs
are retrieved from the on-board navigation
database using the procedure name are
consistent with the charted procedure and
only modified as outlined in the PBN
Manual.

3.3.4.34

RNAV 1 or RNAV 2 routes to be obtained
from the database and only modified as per 3.3.4.35
approved procedures

Operator  procedures for  verifying

navigation system text display. 3.34.3.6
Operator procedures for confirming

- 3.3.4.3.7
reasonableness of navigation.
For RNAV 2 Routes - recommended
procedures for the use of a lateral deviation 33438

indicator, flight director or autopilot in
lateral navigation mode

For RNAV 1 routes - requirements for the
use of a lateral deviation indicator, a FD or 3.3.4.3.9
an AP in the lateral navigation mode.

Operator procedures for setting lateral

deviation scale (where applicable) 3.3.4.3.10

Operator procedures for limiting FTE to +/-

% navigation accuracy 3.3.4.3.11
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plzii;e;:al;clfs Location in the
Item Operating Procedures ICAO Doc 9613 lz](::l:)m::::o(:-f Comments
Vol Il Part B 3 .

Operator procedures for rejoining route 334312
following ATC course assignment D
(‘)p(?rat.or procedures for setting bank angle 334313
limitations.

3 Specific RNAV SID requirements
Operator procedures for determining 33441
system availability and pre-departure setup e
Operator procedures/requirements for
equipment use to ensure meeting RNAV 1 3.3.44.3
performance.
For DME/DME/IRU aircraft. - requirements 33445
for position confirmation. e
For aircraft utilizing GNSS requirements for
acquiring signal and flight plan loading to 33446
ensure the appropriate navigation system e
monitoring and sensitivity

4 Specific RNAV STAR requirements
?(f)lil;eator procedures for loading/checking 33451
Operator procedures related to restriction 334592
on waypoint creation e
Operator procedures for contingency
procedures to revert to a conventional 3.3.4.5.3
arrival route
Operator procedures for accepting radar 33454
headings or “direct to” tracking D
Operator procedures for verifying system 33455
operation and selection of procedures D
Operator  procedures for observing 33456
published altitude and speed constraints D

5 Contingency procedures
Operators contingency procedures for loss

O . 3.34.6.1

of navigation capability
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RNP 4 JOB AID
APPLICATION TO CONDUCT RNP 4

1. Introduction

This Job Aid was developed to provide operators, and inspectors with guidance on the
process to be followed in order to obtain an RNP 4 approval. It should be used as an aid for
the approval process but frequent reference to the ICAO PBN Manual (DOC 9613) Volume II,
Part C, Chapter 1 contains detailed guidance on the implementation of RNP4 and ASD PBN
Operational Approval Manual will be required.

2. Purpose of the Job Aid
2.1  To give operators and inspectors information on the main RNP 4 reference documents.

2.2 To provide tables showing the contents of the application, the associated reference
paragraphs, the place in the application of the operator where RNP 4 elements are
mentioned and columns for inspector comments and follow-up on the status of
various elements of RNP 4.

3. Actions Recommended for the Inspector and Operator

3.1 At the pre-application meeting with the operator, the inspector reviews the “basic
events of the RNP 4 approval process” described in Section 1 of this Job Aid, in order to
provide an overview of the approval process events.

3.2 The inspector reviews this Job Aid with the operator in order to establish the form and
content of the RNP 4 approval application.

3.3  The operator uses this Job Aid as a guide to collect the documents of the RNP 4
application.

3.4  The operator inserts in the Job Aid references showing in what part of its documents
are the RNP 4 elements located.

3.5  The operator submits the Job Aid and the application to the inspector (with the
required documents).

3.6 The inspector indicates in the Job Aid whether an item is in compliance or needs
corrective action.

3.7  The inspector informs the operator as soon as possible when a corrective action by the
operator is required.

3.8 The operator provides the inspector with the revised material when so requested.

3.9 The Kuwait DGCA provides the operator with the operational specification (air
operators) or a letter of authorization (others) as applicable, when the tasks and
documents have been completed.
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SECTION: PART 3 - JOB AIDS

SECTION 1 - INFORMATION ON THE IDENTIFICATION OF AIRCRAFT AND OPERATORS

NAME OF THE OPERATOR: is applying for RNP 4

Operations Approval.

Aircraft manufacturer, Aircraft Registration (required List relevant make
model, and series only if installed equipment varies | and model of related
between model and series) navigation equipment

DATE OF PRE-APPLICATION MEETING

DATE ON WHICH THE APPLICATION WAS RECEIVED

DATE ON WHICH THE OPERATOR INTENDS TO BEGIN RNP 4 OPERATIONS
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SECTION 2 - OPERATOR APPLICATION (ITEMS AND DOCUMENTS)

Indication of
Item Title of document inclusion by the
operator

Comments by
the Inspector

Aircraft airworthiness documents showing RNP 4
compliance per ICAO PBN Manual, e.g,, AFM, AFM
1 Revision, AFM Supplement or Type Certificate Data
Sheet (TCDS) showing that aircraft LRNS are RNP 4
eligible.

Aircraft Modified To Meet RNP 4 Standards

Documentation of aircraft inspection and/or
2 modification. If applicable, maintenance records
documenting installation or modification of
aircraft/LRNS.

Maintenance Program:

For aircraft with established LRNS maintenance
practices, provide list of document or program

3
references.
For newly installed LRNS, provide LRNS maintenance
practices for review.

4 Minimum Equipment List (MEL) if applicable

showing provisions for LRNS

Training programme for flight crews, and flight
5 dispatchers, and maintenance personnel as
applicable.

Operating policies and procedures including
relevant section of Operations Manuals and

6 checklists attached to the application, applicable to
RNP 4
. Navigation database

Details of the navigation data validation programme.
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SECTION 3 - GUIDE FOR DETERMINING RNP 4 AIRCRAFT ELIGIBILITY

Reference s
Location in the
Item Topics paragraphs ICAO Documents of | Comments
Doc 9613 Vol 11 the onerator
Part C 1 P
Eligibility Group 1 - RNP Certification
1 (RNP compliance documented in Airplane 1.3.2.2.2 (a)
Flight Manual (AFM)
Eligibility Group 2 - Prior Navigation
2 System Certification 1.3.2.2.2 (b)
Aircraft fitted with GNSS only:
a) Approved long-range navigation systems
for oceanic and remote airspace (with FDE) 1.3.2.2.2 (b)(i)
b) Approved dispatch FDE availability
programme
Multi-sensor Systems Integrating GNSS .
with integrity provided by RAIM 1.3.22.2 (b)(ii)
Multi-sensor Systems Integrating GNSS
with integrity provided by AAIM 1.3.2.2.2 (b)(iii)
3 Eligibility Group 3 - New Technology 1.3.2.2.2 (c)
4 Requirement for at least dual Long Range 1331
Navigation System equipage including GNSS o
1.3.3.6
5 Functional Requi t
unctional Requirements 1337

SECTION 4 - PROCEDURES FOR RNP 4 OPERATIONS

Reference N
aragraphs ICAO Location in the
Item Operating Procedures P Documents of | Comments
Doc 9613 Vol I the operator
PartC 1 .
1 Pre-flight Planning
Verify aircraft long-range navigation
systems (LRNS) required to meet minimum 1.3.4.2.2

Navigation Specification (RNP) specified for
the route or area is operational.
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argejzr;r;cli A0 Location in the
Item Operating Procedures paragrap Documents of | Comments
Doc 9613 Vol II the operator
Part C 1 P
Annotate [ICAO Flight Plan block 10
(Equipment) with “R” and “Z” and annotate
[tem 18 with “NAV/RNP4”.
_ 1.3.4.2.1
Note: CPDLC and ADS-C will also be
required when separation standard is 30
NM lateral and/or longitudinal.
Review applicable contingency procedures 1.3.4.2.2 (c)
Ensure navigation capability available 1343
including availability of FDE if applicable o
2 Pre-flight Procedures
Review of maintenance logs and forms for
LRNS status 1.3.4.2.2 (a)
Confirm Navigation Database currency 1.3.4.2.1 (Note)
3 En route Procedures
Before oceanic entry point, verify two LRNS
meeting the minimum RNP specified are
operating. If not, notify ATC and operate in 1.3.4.4.1
accordance with policy applicable to the
airspace.
Before entering oceanic airspace, perform
navigation accuracy check and position 13.4.42
update (if necessary) using accepted e
method.
Follow in-flight operating drills to prevent 13.4.43
inadvertent deviation from cleared routes. T
Use. ﬂ¥ght director or autopilot in lateral 13.4.4.4
deviation mode
Advise ATC of loss of long-range navigation
capability and operate in accordance with 1.3.4.4.3
policy applicable to the airspace.
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BASIC-RNP 1 JOB AID
APPLICATION TO CONDUCT BASIC-RNP 1

1. Introduction

This Job Aid was developed to provide operators, and inspectors with guidance on the
process to be followed in order to obtain a Basic-RNP 1 approval. It should be used as an aid
for the approval process but frequent reference to the ICAO PBN Manual (DOC 9613) Volume
I, Part C, Chapter 3 contains detailed guidance on the implementation of Basic-RNP 1 and
ASD PBN Operational Approval Manual will be required.

2. Purpose of the Job Aid

2.1 To give operators and inspectors information on the main Basic-RNP1 reference
documents.

2.2 To provide tables showing the contents of the application, the associated reference
paragraphs, the place in the application of the operator where Basic -RNP 1 elements
are mentioned and columns for inspector comments and follow-up on the status of
various elements of Basic -RNP 1.

3. Actions Recommended for the Inspector and Operator

3.1 At the pre-application meeting with the operator, the inspector reviews the “basic
events of the Basic -RNP 1 approval process” described in Section 1 of this Job Aid, in
order to provide an overview of the approval process events.

3.2  The inspector reviews this Job Aid with the operator in order to establish the form and
content of the Basic -RNP 1 approval application.

3.3  The operator uses this Job Aid as a guide to collect the documents of the Basic -RNP 1
application.

3.4  The operator inserts in the Job Aid references showing in what part of its documents
are the Basic -RNP 1 elements located.

3.5  The operator submits the Job Aid and the application to the inspector (with the
required documents).

3.6  The inspector indicates in the Job Aid whether an item is in compliance or needs
corrective action.

3.7  The inspector informs the operator as soon as possible when a corrective action by the
operator is required.

3.8  The operator provides the inspector with the revised material when so requested.

3.9 The Kuwait DGCA provides the operator with the operational specifications (air
operator) or a letter of authorization (other), as applicable, when the tasks and
documents have been completed.
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SECTION 1 - INFORMATION ON AIRCRAFT AND OPERATOR IDENTIFICATION

NAME OF THE OPERATOR: is applying for Basic-RNP 1

Operations Approval.

. Aircraft Registration (required | List relevant make and
Aircraft manufacturer, g . .
. only if installed equipment varies model of related
model, and series . s -
between model and series) navigation equipment

DATE OF PRE-APPLICATION MEETING

DATE ON WHICH THE APPLICATION WAS RECEIVED

DATE ON WHICH THE OPERATOR INTENDS TO BEGIN BASIC-RNP 1 OPERATIONS
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SECTION 2 - OPERATOR APPLICATION (ITEMS AND DOCUMENTS)

Indication of
Item Title of document inclusion by
the operator

Comments by
the Inspector

Airworthiness documents showing aircraft eligibility
for Basic-RNP 1.

AFM, AFM revision, AFM supplement, or Type certificate
data sheet (TCDS) showing that the RNP navigation
system is eligible for Basic-RNP 1 or less.

or
Manufacturer statement - Aircraft with a manufacturer
statement  documenting compliance  with  the

performance and functional requirements of the ICAO
PBN Manual.

Aircraft modified to meet Basic-RNP 1 standards.

Documentation on  aircraft inspection and/or
2 modification, if applicable.

Maintenance records documenting the installation or
modification of aircraft systems

Maintenance programme

¢ For aircraft with established maintenance procedures
for Basic-RNP 1 systems, the list of references of the

3 document or programme.
e For recently installed Basic-RNP 1 systems, the
maintenance procedures for their review.
4 Minimum equipment list (MEL) if applicable showing

provisions for Basic-RNP 1 systems.

Operating policies and procedures including relevant
5 section of Operations Manuals and checklists attached to
the application, applicable to Basic RNP 1

Training
6 Training programme for flight crews, flight dispatchers,
and maintenance personnel as applicable.

Navigation database

Details of the navigation data validation programme.
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SECTION 3 - GUIDE FOR DETERMINING BASIC-RNP 1 AIRCRAFT ELIGIBILITY

Reference
paragraphs ICAO
Doc 9613 Vol II
Part C 3

Location in the
Documents of | Comments
the operator

Item Topics

Aircraft and system requirements - one
of the following:

Aircraft with E/TS0-C129a GNSS sensor

(Class B or C) installed in an FMS 3.3.3.1(a)

Aircraft with E/TS0-C145 () GNSS sensor

installed in an FMS 3.3.3.1(a)

Aircraft with E/TS0O-C129a Class Al system

or E/TS0-C146 () stand-alone GNSS system 3.3.3.1(b)

Aircraft with RNP capability certified or

approved with equivalent standards. 3.3.3.1(c)

Positioning data from other types of
navigation sensors can be integrated with
GNSS data provided they do not cause
position errors that exceed the total system 3.3.33
error (TSE)). Otherwise, means must be
provided to deselect or cancel the other
types of navigation sensors.

Aircraft and System eligibility for Basic-
RNP 1 operations

Aircraft with an approved statement of

. 3.3.2.2
compliance

Aircraft with a statement by the

3.3.2.2
manufacturer

Modified aircraft 3.3.2.2

Functional requirements

Note: Aircraft with RNAV 1 and RNAV 2
3 approval or equivalent (e.g. P-RNAV and FAA 3334
AC 90-100) based on GNSS capability meet
the functional requirements of this AC for
Basic-RNP 1 operations.
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SECTION 4 - PROCEDURES FOR BASIC-RNP 1 OPERATIONS

Reference
paragraphs
ICAO Doc 9613
Vol Il Part C 3

Location in the
Documents of | Comments
the operator

Item Operating Procedures

1 Pre-flight planning

File appropriate flight plan suffix 3.3.4.2.1

Ensure on-board navigation data current
and appropriate for the region of intended 3.3.4.2.2
operation

Use all the information available, to
confirm the availability of the required
navigation infrastructure for the projected 3.3.4.2.3
routes, including any non-RNAV
contingency, for the intended operation.

Check GNSS integrity prediction 3.3.4.3

2 General operating procedures

Operator procedures comply with any
instruction or procedure identified by the
manufacturer, as necessary, to meet the
performance requirements of this section.

33441

Operator procedures to ensure flight crew
do not request, or file a flight plan for RNP
1 routes unless they meet all the criteria in
the relevant State documents.

3.3.44.2

At system initialization, pilots must:

a) confirm the validity of the navigation
database;

b) verify the current position of the
aircraft;

c) verify the proper entry of the assigned ATC 33.4.43
route once the initial clearance is received,
and of any subsequent route changes; and

d) ensure that the WPT sequence displayed
on the navigation system coincides with the
route shown in the appropriate charts and
with the assigned route.
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SECTION: PART 3 - JOB AIDS
pl:igegr:;;)clfs Location in the
Item Operating Procedures ICAO Doc 9613 lzl(::l(l)m:lr::o(;f Comments
Vol I Part C 3 .

Operator procedures to ensure a basic RNP 1
SID/STARs is retrieved from the on-board
navigation database using the procedure name, 33444
is consistent with the charted procedure and
only modified as outlined in the PBN Manual .

Operator  procedures for  verifying

navigation system text display. 3.3.4.4.5

Operator procedures for confirming

reasonableness of navigation. 3.3.44.6

For Basic-RNP 1routes procedures requiring
the use of a lateral deviation indicator, flight 3.3.4.4.7
director or autopilot in lateral navigation mode

Operator procedures for limiting FTE to

+/- Y2 navigation accuracy 3.34.48
Operator procedures for rejoining route

. . 3.3.4.49
following ATC course assignment
Operator procedures for setting bank angle 334.4.10

limitations.

3 Aircraft with RNP selection capability

Pilots of aircraft capable of selecting RNP
input must select RNP 1 or lower for Basic- 3.3.45
RNP 1 SIDs, STARs or procedures.

4 Basic-RNP 1 SID specific requirements

Operator procedures for determining system

availability and pre-departure setup 3.34.6.1
Operator procedures to follow flight

. L 3.3.4.6.2
guidance for lateral navigation.
Operator procedures/requirement for equipment 33463

use to ensure meeting basic RNP 1 performance
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pl:igegr:;;)clfs Location in the
Item Operating Procedures ICAO Doc 9613 lzl(::l(l)m:lr::o(;f Comments
Vol Il Part C 3 P
GNSS requirements for acquiring signal
and flight plan loading to ensure the 33464
appropriate navigation system monitoring e
and sensitivity
Procedures for setting lateral deviation
display scale for aircraft using a lateral
L ) Lo 3.3.4.6.5
deviation display (e.g., a navigation map
display), and use of FD or autopilot
5 Basic-RNP 1 STAR specific requirements
Operator procedures for loading/checking route 3.3.4.71
Operator procedures related to restriction 33472

on waypoint creation.

Operator procedures for contingency
procedures to revert to a conventional 3.34.7.3
arrival route (where required).

Operator procedures for accepting radar

headings or “direct to” tracking 3.34.74

Operator procedures for verifying system

operation and selection of procedures 3.3.4.7.5

Operator procedures for observing

published altitude and speed constraints. 3.3.4.7.6

For aircraft using stand-alone GNSS
systems, operator procedures/
requirements for equipment setup/ flight 3.3.4.7.7
planning to ensure basic RNP 1 lateral
deviation display scale sensitivity

6 Contingency procedures

Operator contingency procedures for loss

of navigation capability 3.34.8.1
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RNP APCH JOB AID
APPLICATION TO CONDUCT RNP APCH (LNAV) OPERATIONS

1. Introduction

This Job Aid was developed to provide operators, and inspectors with guidance on the
process to be followed in order to obtain an RNP APCH approval for approaches flown to an
LNAV minima. It should be used as an aid for the approval process but frequent reference to
the ICAO PBN Manual (DOC 9613) Volume II, Part C, Chapter 5 contains detailed guidance on
the implementation of RNP APCH and ASD PBN Operational Approval Manual will be
required.

2. Purpose of the Job Aid

2.1  To give operators and inspectors information on the main RNP APCH reference
documents.

2.2 To provide tables showing the contents of the application, the associated reference
paragraphs, the place in the application of the operator where RNP APCH elements are
mentioned and columns for inspector comments and follow-up on the status of
various elements of RNP APCH.

3. Actions Recommended for the Inspector and Operator

3.1 At the pre-application meeting with the operator, the inspector reviews the “basic
events of the RNP APCH approval process” described in Section 1 of this Job Aid, in
order to provide an overview of the approval process events.

3.2  The inspector reviews this Job Aid with the operator in order to establish the form and
content of the RNP APCH approval application.

3.3  The operator uses this Job Aid as a guide to collect the documents of the RNP APCH
application.

3.4  The operator inserts in the Job Aid references showing in what part of its documents
are the RNP APCH elements located.

3.5 The operator submits the Job Aid and the application to the inspector (with the
required documents).

3.6 The inspector indicates in the Job Aid whether an item is in compliance or needs
corrective action.

3.7  The inspector informs the operator as soon as possible when a corrective action by the
operator is required.

3.8  The operator provides the inspector with the revised material when so requested.

3.9  The DGCA provides the operator with the operational specifications (air operators) or
a letter of authorization (others), as applicable, when the tasks and documents have
been completed.
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SECTION: PART 3 - JOB AIDS

SECTION 1 - INFORMATION ON THE IDENTIFICATION OF AIRCRAFT AND OPERATORS

NAME OF THE OPERATOR: is applying for RNP APCH

Operations Approval.

Aircraft manufacturer, Aircraft Registration (required List relevant make and
model, and series only if installed equipment varies model of related
between model and series) navigation equipment

DATE OF PRE-APPLICATION MEETING

DATE ON WHICH THE APPLICATION WAS RECEIVED

DATE ON WHICH THE OPERATOR INTENDS TO BEGIN RNP APCH OPERATIONS
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SECTION 2 - OPERATOR APPLICATION (ITEMS AND DOCUMENTS)

Indication of
Item Title of document inclusion by
the operator

Comments by
the Inspector

Airworthiness documents showing aircraft eligibility
for RNP APCH.

AFM, AFM revision, AFM supplement, or Type certificate
data sheet (TCDS) showing that the RNP navigation system
1 | is eligible for RNP APCH.

or;

Manufacturer statement. - Aircraft with a manufacturer
statement documenting compliance

Aircraft modified to meet RNP APCH standards.

Documentation on aircraft inspection and/or modification,
2 if applicable.

Maintenance records documenting the installation or
modification of aircraft systems

Maintenance programme

e For aircraft with established maintenance procedures for
RNP APCH systems, the list of references of the

3
document or programme.
e For recently installed RNP APCH systems, the
maintenance procedures for their review.
4 Minimum equipment list (MEL) if applicable showing

provisions for RNP APCH systems.

Training

5 Training programme for flight crews, flight dispatchers,
and maintenance personnel as applicable.

Operating policies and procedures

6 Operations manual (OM) and checklists or sections to be
attached to the application, corresponding to RNP APCH
operating procedures and policies.

Navigation database

Details of the navigation data validation programme.
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SECTION:

PART 3 - JOB AIDS

SECTION 3 - GUIDE FOR DETERMINING RNP APCH AIRCRAFT ELIGIBILITY

Reference L
. paragraphs ICAQ Location in the
Item Topics Doc 9613 Vol II l:l(:ec%m:::ts;f Comments
Part C5 P
1 Aircraft and system requirements
Aircraft approved to conduct RNAV
(GNSS) approaches.
Aircraft that have a statement of
compliance in their flight manual (AFM),
AFM  supplement, pilot operations 5.3.2.2
handbook (POH), or in the avionics
operating manual.
RNP  installation based on  GNSS 5.3.3.1.7, Note 3
standalone system
RNP. 1nstallatlon'1s based' on GNSS sensor 5.3.3.1.7, Note 3
equipment used in a multi-sensor system
Positioning data from other types of
navigation sensors can be integrated with
GNSS data provided they do not cause 5332
position errors that exceed the total o
system error (TSE)). Otherwise, means
must be provided to deselect or cancel the
other types of navigation sensors.
Functional requirements 5.3.3.3
SECTION 4 - PROCEDURES FOR RNP APCH OPERATIONS
araRe::lr(;I;clec A0 Location in the
Item Operating Procedures paragrap Documents of | Comments
Doc 9613 Vol 11 the operator
PartC5 :
1 Pre-flight planning
File appropriate flight plan suffix 5.3.4.1.1
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araRe:;r;r;cI% A0 Location in the
Item Operating Procedures paragrap Documents of | Comments
Doc 9613 Vol I
Part C5 the operator

Ensure that the approaches which may be
used for the intended flight (including
alternate aerodromes):

a) are selected from a valid navigation
data base (current AIRAC cycle);

b) have been verified through an 5.3.4.1.2 a)
appropriate (navigation database integrity
process); and

c) have not been prohibited by any
NOTAM issued by the CAA or by the air
navigation service providers or by an
operational instruction of the company

Ensure that there are sufficient means
available to fly and land at the destination
or alternate aerodrome in case of loss of
RNP APCH capability.

5.3.4.1.2 b)

Take account of any NOTAM issued by the
CAA or by the ANSP, or by an operational
instruction of the company that might
adversely affect aircraft system operation 5.3.4.1.2¢)
or the availability or suitability of the
procedures at the destination aerodrome
or at any alternate aerodromes.

For missed approach procedures based on
conventional NAVAIDs (VOR, NDB), verify
that the appropriate airborne equipment 5.3.4.1.2d)
required to fly such procedures is installed
and operational in the aircraft.

Use all the information available, to
confirm the availability of the required
navigation infrastructure for the projected 5.3.4.13
routes, including any  non-RNAV
contingency, for the intended operation.

Check GNSS integrity prediction 5.3.4.1.3
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araRe:;r;r;cI% A0 Location in the
Item Operating Procedures paragrap Documents of | Comments
Doc 9613 Vol I
PartC5 the operator

2 Prior to commencing the procedure

In addition to normal procedures, prior to
commencing the approach (before the
initial approach fix (IAF)), the flight crew
must verify the correct procedure has
been loaded, by comparing said procedure
with the approach charts. This check must

include: 5.3.4.3.1
a) the WPT sequence;

b) the integrity of the tracks and
distances of the approach legs, the
accuracy of the inbound course and
the length of the final approach
segment.

For multi-sensor systems, verify during
the approach that a GNSS sensor is used 5.3.4.3.3
for position computation.

For a RNP system with aircraft-based
augmentation system (ABAS) requiring

barometric aiding, set the current 5.3.4.3.4
aerodrome barometric altimeter
Check GNSS availability 5.3.4.3.5
Operator procedures for rejoining route

. . 5.3.4.3.6
following ATC course assignment
Operator procedures to prohibit revision
of lateral definition of the flight path 53437
between the FAF and the missed approach R
point (MAPt).

3 During the procedure

Establish aircraft on course prior to FAF 5.3.4.4.1
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Reference
paragraphs ICAO
Doc 9613 Vol I
PartC5

Location in the
Documents of | Comments
the operator

Item Operating Procedures

Check appropriate approach mode active

prior to FAF. 5.3.4.4.2

Select appropriate displays so that the
following information can be monitored
by the flight crew:

a) the RNP computed desired track (DTK);

and 5.3.4.43

b) the aircraft position relative to the path
cross track deviation (XTK) for FTE
monitoring.

Discontinue approach:

a) if the navigation display is announcing a
failure (flagged invalid): or

b) in case of loss of the integrity alerting
function; or 5.3.4.4.4

c) if the integrity alerting function is
annunciated not available before passing
the FAF; or

d) if the FTE is excessive.

Missed approach must be flown in
accordance with the published procedure.
Use of the RNP system during the missed
approach provided:

a) the RNP system is operational (e.g.,
there is no loss of function, no NSE alert,
no failure indication, etc.).

5.3.4.4.5

b) the whole procedure (including the
missed approach) is loaded from the
navigation data base.

Operator procedures for limiting FTE to

+/- ¥ navigation accuracy 5.3.4.4.6

CAP : 205 Page 159 of 200 Issue: 2, Rev. 0,

November 2022



PERFORMANCE BASED

)) NAVIGATION (PBN)
w20l Glabail | OPERATIONAL APPROVAL | §/4iation Satety
MANUAL 7 i ,dat 25l 5,131 Department

Cugall &g - aall gkl dolall &laul
rate G of Kuvenit

Birecto oreral of Civil Aviation - State

SECTION: PART 3 - JOB AIDS
araRe:;r;r;cI% A0 Location in the
Item Operating Procedures paragrap Documents of | Comments
Doc 9613 Vol I the operator
PartC5 P
Operator procedures for limiting vertical
deviations within + 100/-50 ft when Baro- 53447

VNAV is used for vertical path guidance
during the final approach segment

Operator procedures for the conduct of a
missed approach if the lateral or vertical 5.3.4.48
deviations are excessive

4 Contingency procedures

Notify ATC of any loss of the RNP APCH
capability, together with the proposed 5.3.4.6.1
course of action.

Operator contingency procedures in order
to react safely following the loss of the 5.3.4.6.1
RNP APCH capability during the approach.
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APV /Baro-VNAV JOB AID
APPLICATION TO CONDUCT APV/Baro-VNAV OPERATIONS

1. Introduction

This Job Aid was developed to provide air operators, and inspectors with guidance on the
process to be followed in order to obtain an RNP APCH approval using Barometric VNAV
flown to an LNAV/VNAV decision altitude. It should be used as an aid for the approval
process but frequent reference to the ICAO PBN Manual and Kuwait DGCA PBN Operational
Approval Manual will be required. The Attachment to Volume II of ICAO PBN Manual contains
guidance on the implementation of APV/Baro-VNAV.

2. Purpose of the Job Aid

2.1  To give operators and inspectors information on the main APV/Baro-VNAV reference
documents.

2.2 To provide tables showing the contents of the application, the associated reference
paragraphs, the place in the application of the operator where APV/Baro-VNAV
elements are mentioned and columns for inspector comments and follow-up on the
status of various elements of APV/Baro-VNAV.

3. Actions Recommended for the Inspector and Operator

3.1 At the pre-application meeting with the operator, the inspector reviews the “basic
events of the APV/Baro-VNAV approval process” described in Section 1 of this Job Aid,
in order to provide an overview of the approval process events.

3.2  The inspector reviews this Job Aid with the operator in order to establish the form and
content of the APV /Baro-VNAV approval application.

3.3  The operator uses this Job Aid as a guide to collect the documents of the APV/Baro-
VNAV application.

3.4  The operator inserts in the Job Aid references showing in what part of its documents
are the APV/Baro-VNAV elements located.

3.5  The operator submits the Job Aid and the application to the inspector (with the
required documents).

3.6 The inspector indicates in the Job Aid whether an item is in compliance or needs
corrective action.

3.7  The inspector informs the operator as soon as possible when a corrective action by the
operator is required.

3.8 The operator provides the inspector with the revised material when so requested.

3.9  The Kuwait DGCA provides the operator with the operational specifications or a letter
of authorization, as applicable, when the tasks and documents have been completed.
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SECTION: PART 3 - JOB AIDS

SECTION 1 - INFORMATION ON THE IDENTIFICATION OF AIRCRAFT AND OPERATORS

NAME OF THE OPERATOR: is applying for APV/BARO-VNAV

Operations Approval.

Aircraft Aircraft Registration List relevant make and model
manufacturer, model, (required only if installed of related lateral and vertical
and series equipment varies between navigation equipment

model and series)

DATE OF PRE-APPLICATION MEETING

DATE ON WHICH THE APPLICATION WAS RECEIVED

DATE ON WHICH THE OPERATOR INTENDS TO BEGIN RNP APCH OPERATIONS
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SECTION: PART 3 - JOB AIDS

SECTION 2 - OPERATOR APPLICATION (ITEMS AND DOCUMENTS)

Indication of
Item Title of document inclusion by
the operator

Comments by
the Inspector

Airworthiness documents showing aircraft eligibility
for APV/Baro-VNAV.

AFM, AFM revision, AFM supplement, or Type certificate
data sheet (TCDS) showing that the navigation system is
1 eligible for APV /Baro-VNAV; or.

Manufacturer statement - Aircraft with a manufacturer
statement  documenting compliance  with the
performance and functional requirements of the ICAO
PBN Manual.

Aircraft is modified to meet APV/Baro-VNAV
standards

Documentation on aircraft inspection and/or
modification, if applicable.

Maintenance programme

3 Maintenance procedures for APV/Baro-VNAV systems -
the list of references of the document or programme.

Minimum equipment list (MEL) if applicable showing
provisions for APV /Baro-VNAV systems.

Training programme for flight crews, and flight
dispatchers, and maintenance personnel as applicable.

Operating policies and procedures including relevant
6 section of Operations Manuals and checklists attached to
the application, applicable to APV/Baro-VNAV

Navigation database

Details of the navigation data validation programme.
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SECTION 3 - GUIDE FOR DETERMINING APV/Baro-VNAV AIRCRAFT ELIGIBILTY

Reference -
Location in the
Item Topics paragraphs ICAO Documents of | Comments
Doc 9613 Vol 11 the operator
Attachment P

1 Aircraft eligibility

VNAV barometric capability - An aircraft is
eligible for Baro-VNAV operations when the
AFM or AFM supplement indicates that the 4.3.1
VNAYV system has been approved under AC
20- 129 or equivalent.

2 | Aircraft Systems

Lateral navigation

GNSS navigation system certified for

approach; or

a) Multi-sensor system using IRS/GNSS; or 4.6, Note 5

b) RNP systems approved for RNP 0.3 or
lower

Vertical navigation

a) Serviceable VNAV equipment

b) VNAV system certified for Barometric
VNAV approach operations;

c) Equipped with integrated LNAV/VNAV
system with accurate source of 4.6, Note 5
barometric altitude; and

d) VNAV  altitudes and  procedure
information from a navigation database
with integrity though quality assurance

3 Functional requirements

(a) | Required Functions

The navigation system must provide the
capability to continuously display to the pilot
flying, on the primary flight instruments for
navigation of the aircraft, the aircraft position 4.14
relative to the vertically defined path. The
display must allow the pilot to readily
distinguish if the vertical deviation exceeds
+30 m/-15 m (+100 ft/-50 ft).

User Interface (Displays and Control) Display
resolution (readout) and entry resolution for 4.13
vertical navigation information
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ar:ejgr(le;cl% A0 Location in the
Item Topics paragrap Documents of | Comments
Doc 9613 Vol II the onerator
Attachment P
Altitudes and/or speeds associated with
published procedures must be automatically 48

extracted from the navigation database upon
selecting the approach procedure.

The navigation system must have the
capability to load and modify the entire
procedure(s) to be flown, based upon ATC
instructions, into the RNAV system from the
on-board navigation database. This includes
the approach (including vertical angle), the 4.10
missed approach and the approach
transitions for the selected airport and
runway. The navigation system should
preclude modification of the procedure data
contained in the navigation database.

The aircraft must display barometric altitude
from two independent altimetry sources, 4.15
one in each pilots’ primary field of view.

(b) | Recommended Functions

Temperature compensation: Capability to
automatically adjust the vertical flight path 4.19
for temperature effects.

SECTION 4 - PROCEDURES FOR APV/BARO-VNAV OPERATIONS

Reference S
arasraphs ICAO Location in the
Item Operating Procedures paragrap Documents of | Comments
Doc 9613 Vol 11 the oberator
Attachment P
Cold temperature limitations/corrections
1 Operator procedures to ensure the limiting 4.19
temperatures for the use of Barometric
VNAV are observed
Altimeter setting
2 . . 4.18
Operator procedures for altimeter setting.
Manufacturer requirements
Operator procedures to comply with any
3 . : : e 4.17
instructions or procedures identified by the
manufacturer.
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RNP AR APCH JOB AID
APPLICATION TO CONDUCT RNP AR APCH OPERATIONS

1. Introduction

This Job Aid was developed to provide operators, and inspectors with guidance on the
process to be followed in order to obtain an RNP AR APCH approval for approaches flown to
an RNP minima. It should be used as an aid for the approval process but frequent reference to
the ICAO PBN Manual (DOC 9613) Volume II, Part C, Chapter 6 contains detailed guidance on
the implementation of RNP AR APCH and ASD PBN Operational Approval Manual will be
required.

2. Purpose of the Job Aid

2.1  To give operators and inspectors information on the main RNP AR APCH reference
documents.

2.2 To provide tables showing the contents of the application, the associated reference
paragraphs, the place in the application of the operator where RNP AR APCH elements
are mentioned and columns for inspector comments and follow-up on the status of
various elements of RNP AR APCH.

3. Actions Recommended for the Inspector and Operator

3.1 At the pre-application meeting with the operator, the inspector reviews the “basic
events of the RNP AR APCH approval process” described in Section 1 of this Job Aid, in
order to provide an overview of the approval process events.

3.2 The inspector reviews this Job Aid with the operator in order to establish the form and
content of the RNP AR APCH approval application.

3.3  The operator uses this Job Aid as a guide to collect the documents of the RNP AR APCH
application.

3.4  The operator inserts in the Job Aid references showing in what part of its documents
are the RNP AR APCH elements located.

3.5  The operator submits the Job Aid and the application to the inspector (with the
required documents).

3.6 The inspector indicates in the Job Aid whether an item is in compliance or needs
corrective action.

3.7  The inspector informs the operator as soon as possible when a corrective action by the
operator is required.

3.8  The operator provides the inspector with the revised material when so requested.

3.9  The DGCA provides the operator with the operational specifications (air operators) or
a letter of authorization (others), as applicable, when the tasks and documents have
been completed.
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SECTION: PART 3 - JOB AIDS

SECTION 1 - INFORMATION ON THE IDENTIFICATION OF AIRCRAFT AND OPERATORS

NAME OF THE OPERATOR: is applying for RNP AR APCH

Operations Approval.

Aircraft manufacturer, | Aircraft Registration (required List relevant make and
model, and series only if installed equipment varies model of related
between model and series) navigation equipment

DATE OF PRE-APPLICATION MEETING

DATE ON WHICH THE APPLICATION WAS RECEIVED

DATE ON WHICH THE OPERATOR INTENDS TO BEGIN RNP AR APCH OPERATIONS
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SECTION: PART 3 - JOB AIDS

SECTION 2 - OPERATOR APPLICATION (ITEMS AND DOCUMENTS)

Indication of
Item Title of document inclusion by
the operator

Comments by
the Inspector

Airworthiness documents showing aircraft eligibility
for RNP AR APCH.

AFM, AFM revision, AFM supplement, or Type certificate
data sheet (TCDS) showing that the RNP navigation system
is eligible for RNP AR APCH.

1 or;

Manufacturer statement. - Aircraft with a manufacturer
statement documenting compliance
Note: The operator should indicate the lowest RNP capability

for which approval is requested and provide relevant
supporting documentation.

Aircraft modified to meet RNP AR APCH standards.

Documentation on aircraft inspection and/or modification,
2 if applicable.

Maintenance records documenting the installation or
modification of aircraft systems

Maintenance programme

e For aircraft with established maintenance procedures for
RNP AR APCH systems, the list of references of the

3 document or programme.
e For recently installed RNP AR APCH systems, the
maintenance procedures for their review.

4 Minimum equipment list (MEL) if applicable showing

provisions for RNP AR APCH systems.

Training

5 | Training programme for flight crews, flight dispatchers, and
maintenance personnel as applicable.

Operating policies and procedures

6 Operations manual (OM) and checklists or sections to be
attached to the application, corresponding to RNP AR APCH
operating procedures and policies.

Navigation database
Details of the navigation data validation programme.
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PART 3 - JOB AIDS

SECTION 3 - GUIDE FOR DETERMINING RNP AR APCH AIRCRAFT ELIGIBILITY

deviation). The display must allow the pilot to
readily distinguish if the cross-track deviation
exceeds the navigation accuracy (or a smaller
value) or if the vertical deviation exceeds 22 m
(75 ft) (or a smaller value).

Reference L
paragraphs Location in the
Item Topics ICAO Doc 9613 lzl(:gl:)m:::tsozf Comments
Vol Il Part C 6 P
1 | Aircraft and system requirements
Aircraft  eligibility =~ determined  through
demonstration of compliance against relevant 6.3.2.5
airworthiness criteria.
Aircraft complies with FAA AC 20-129 or 63.3.1
equivalent (Barometric VNAV) o
Aircraft complies with FAA AC 20-130 or AC 20- 6331
138 or equivalent (GNSS) o
Aircraft is equipped with system to monitor its
achieved navigation performance, and to
identify, for the pilot, whether the operational 6.33.25
requirement is or is not being met during an D
operation (e.g. “Unable RQ Nav Performance -
RNP”, “GPS Primary Lost”)
Automatic reversion to an alternate RNAV 63.3.2.6
sensor if the primary RNAV sensor fails. D
Aircraft barometric VNV system temperature
; 6.3.3.2.7
compensated (optional)
2 Displays 6.3.3.4.1.3
Aircraft displays required information (General | 6.3.3.4.1.3 (a)
Requirements) to (o)
Continuous display of deviation. The
navigation system must provide the capability
to continuously display to the pilot flying, on the
primary flight instruments for navigation of the
aircraft, the aircraft position relative to the RNP
defined path (both lateral and vertical | 6.3.3.4.1.3.(a)
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SECTION: PART 3 - JOB AIDS
pii?gr:al;)clfs Location in the
Item Topics ICAO Doc 9613 lzl(:gl:)m:::tsozf Comments
Vol I Part C 6 P

Display of deviation. The navigation system

must provide a numeric display of the vertical

deviation with a resolution of 3 m (10 ft) or less,

and the lateral deviation with a resolution of

0.01 NM or less.

oriess 6.3.3.4.1.3.(m)

Where the display of lateral deviation does not
provide a resolution of 0.01NM or less, a
limitation may be placed on the lowest useable
RNP consistent with the ability of the flight crew
to monitor deviation from track.

3 Navigation Database

The aircraft navigation system must use an on-
board navigation database which can receive
updates in accordance with the AIRAC cycle and
allow retrieval and loading of RNP AR APCH 6.3.3.4.1.5
procedures into the RNP system. The on-board
navigation database must be protected against
flight crew modifications of the stored data.

The aircraft must provide a means to display
the validity period of the on-board navigation 6.3.3.4.1.6
database to the flight crew.

Requirements for RNP AR approaches with

RF legs 6.3.3.4.2

Most RNP AR APCH capable aircraft have the
capability to execute RF legs, however approval
may be given to operators of aircraft without this
capability limited to RNP AR approaches which
do not include RF legs

The navigation system must have the capability
to execute leg transitions and maintain tracks 6.3.3.4.2.1
consistent with an RF leg between two fixes.

The aircraft must have an electronic map

display of the selected procedure 6.3.3.4.2.2

The FMC, the flight director system and
autopilot must be capable of commanding a
bank angle up to 25 degrees above 121 m 6.3.3.4.2.3
(400 ft) AGL and up to 8 degrees below 121 m
(400 ft) AGL.
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Reference
paragraphs
ICAO Doc 9613
Vol Il Part C 6

Location in the
Documents of | Comments
the operator

Item Topics

Upon initiating a go-around or missed approach
(through activation of TOGA or other means),
the flight guidance mode should remain in 6.3.3.4.2.4
LNAV to enable continuous track guidance
during an RF leg.

Requirements for RNP AR Approaches to

less than RNP 0.3 6.3.3.4.3

Consideration should be made for the application
of the following requirements for all RNP AR
approaches (ie. including RNP 0.3) especially in
areas of significant terrain.

No single point of failure. Aircraft fitted with
duplicated navigation and guidance equipment...
Most RNP AR APCH capable aircraft are equipped |  6.3.3.4.3.1
with duplicated systems which meet this
requirement.

Go-around guidance. Aircraft fitted with TOGA
to NAV function

If the aircraft does not provide this capability, the
operator must be limited to the conduct of
approaches with straight segments prior to and
after the DA (Refer para 6.3.3.3.3.3 (a). 6.3.3.4.3.3

Where the flight guidance system does not
remain in LNAV, operators may be approved if
the flight crew is able to engage LNAV guidance
on flight director or autopilot by 121 m (400 ft)
AGL. (refer para 6.3.3.3.3.(b)

Loss of GNSS. After initiating a go-around or
missed approach following loss of GNSS, the
aircraft must automatically revert to another
means of navigation that complies with the 6.3.3.4.3.4
navigation accuracy.

Typically RNP AR APCH capable aircraft meet
this requirement by reversion to IRS navigation.

Requirements for approaches with missed

approach less than RNP 1.0 6.3.3.4.4
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Consideration should be made for the application
of the following requirements for all RNP AR
approaches especially in areas of significant
terrain. Typically aircraft with RNP AR APCH
capability meet the requirements for missed
approach less than RNP 1.0.

No single point of failure. Aircraft fitted with
duplicated navigation and guidance equipment...

Most RNP AR APCH capable aircraft are equipped 6.3.3.4.4.1
with duplicated systems which meet this
requirement.

Go-around guidance. Aircraft fitted with TOGA
to NAV function

If the aircraft does not provide this capability, the
operator must be limited to the conduct of
approaches with straight segments prior to and
after the DA (Refer para 6.3.3.3.3.3 (a). 6.3.3.4.4.3

Where the flight guidance system does not
remain in LNAV, operators may be approved if
the flight crew is able to engage LNAV guidance
on flight director or autopilot by 121 m (400 ft)
AGL. (refer para 6.3.3.3.3.(b)

Loss of GNSS. After initiating a go-around or
missed approach following loss of GNSS, the
aircraft must automatically revert to another
means of navigation that complies with the 6.3.3.4.4.4
navigation accuracy

Typically RNP AR APCH capable aircraft meet
this requirement by reversion to IRS navigation.
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SECTION 4 - PROCEDURES FOR RNP AR APCH OPERATIONS

Reference
paragraphs
ICAO Doc 9613
Vol Il PartC 6

Location in the
Documents of | Comments
the operator

Item Operating Procedures

Note: If the operator has not previously qualified for
RNP APCH LNAV or LNAV/VNAV then it is
recommended that Section 4 of the RNP APCH Job Aid
is also applied.

1 | Pre-flight considerations

Minimum equipment list (MEL). The operator’s
MEL developed/revised to address the
equipment requirements for RNP AR APCH
instrument approaches.

6.3.4.1.1

Autopilot and flight director. Operator’s
procedures require the use of an autopilot or
flight director driven by the RNP system for
RNP AR APCH procedures with navigation
accuracy less than RNP 0.3 or with RF legs...

Typically operators and manufacturers require 6.3.4.1.2
the use of autopilot for all RNP AR APCH
operations. The wuse of flight director is
considered acceptable in the case of an
unserviceable autopilot provided the required
FTE limitations are observed.

Dispatch RNP assessment. The operator uses

an RNP availability prediction program. 6.3.4.1.3

Navaid exclusion. Operator procedures to
exclude navaid facilities in accordance with
NOTAMs (e.g. DMEs, VORs, localizers).

Navaid exclusion may be required by the
manufacturer to ensure that RNP accuracy is
maintained.

6.3.4.1.4

Navigation database currency. Operator
procedures to confirm that the navigation 6.3.4.1.5
database is current.
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2 In-flight considerations 6.3.4.2

Modification of the flight plan. Operator
procedures for loading and modification of 6.3.4.2.1
published RNP AR APCH procedures.

Required list of equipment. Operator has
determined the required list of equipment for
conducting RNP AR APCHs or alternate
methods to address in-flight equipment failures
prohibiting RNP AR APCHs (e.g. a quick
reference handbook).

6.3.4.2.2

RNP management. Operating procedures to
ensure the navigation system uses the
appropriate navigation accuracy throughout
the approach

6.3.4.2.3

GNSS updating. Procedures to verify GNSS
updating is available prior to commencement of 6.3.4.2.4
approach.

Radio updating. Where implemented,
procedures for use of DME/DME updating as a
reversionary mode during the approach or
missed approach.

6.3.4.2.5

Approach procedure confirmation. Flight
crew procedures to confirm that the correct 6.3.4.2.6
procedure has been selected.

Track deviation monitoring. Operator
procedures to limit cross-track deviation to not 6.3.4.2.7
more than +/- % navigation accuracy

Vertical Deviation (Final Approach).
Operator procedures to limit vertical deviation 6.3.4.2.8
in the final approach segment to +/- 22m (75ft).

Missed approach. Operator procedures for
conduct of a missed approach if lateral or 6.3.4.2.9
vertical deviation limits are exceeded.
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Procedures with RF legs. Operator
procedures to ensure flight crews are familiar
. . . 6.3.4.2.11

with requirements for conducting approaches

with RF legs.

Temperature compensation. For operators of

aircraft equipped with approved temperature

compensation system, procedures permitting 6.3.4.2.12

flight crews to disregard temperature limits on

an RNP AR APCH.

Altimeter setting. Flight crew procedures to

verify that the current airport local altimeter is 634213

set prior to the final approach fix (FAF). Use of
remote altimeter setting not permitted.

Altimeter cross-check. Flight crew procedures
to complete an altimetry cross-check ensuring
both pilots’ altimeters agree within 30 m (¥100
ft) prior to the FAF but no earlier than the IAF.

Note. — This operational cross-check is not 6.3.4.2.14
necessary if the aircraft automatically
compares the altitudes to within 30 m (100 ft)
(see also 6.3.3.3.1.3, Displays, (n) Display of
barometric altitude).

Non-standard climb gradient. Where the
operator plans to use the DA associated with a
non-standard missed approach climb gradient,
procedures to ensure the aircraft will be able to 6.3.4.2.16
comply with the published climb gradient for
the planned aircraft loading, atmospheric
conditions and operating procedures

Engine-out procedures. Demonstration of
acceptable flight technical error with one 6.3.4.2.17
engine inoperative to conduct RNP AR APCHs.

TOGA to NAV fitted or approved operating
procedures to ensure that in a go-around LNAV
guidance is engaged such that the aircraft 6.3.4.2.18
remains within the required cross-track
deviation limits.
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Go-around during RF turn. Flight crew procedures
and training to address the impact on navigation 634219
capability and flight guidance if the pilot initiates a go- D
around while the aircraftis in an RF turn. s.
Contingency procedures — failure while en
route. Flight crew procedures to assess the 6.3.4.2.20
impact of equipment failure on an RNP AR D
APCH and take appropriate action...
Contingency procedures — failure on
approach. Operator’s contingency procedures 6.3.4.2.21
to address failure conditions on approach.
3 Navigation Database
Operator has nominated the responsible 6.3.6.2.1

manager for the data updating process.

Operator has documented process for
accepting, verifying and loading navigation data 6.3.6.2.2
into the aircraft.

Operator’'s data process placed wunder

configuration control. 6.3.6.2.3
Initial data validation. The operator has a
procedure to validate every RNP AR APCH procedure
before flying the procedure in instrument 6.3.6.2.4

meteorological conditions (IMC) to ensure
compatibility with their aircraft and to ensure the
resulting path matches the published procedure.

Data updates. The operator has a process for
comparing each data update to validated 6.3.6.2.5
procedure data.

Data suppliers. The operator obtains data
from a supplier holding a Letter of Acceptance 6.3.6.2.6
(LOA) for processing navigation data.

4 Flight Operational Safety Assessment (FOSA)

Operator has completed a FOSA 6.4
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Appendix - A - EXAMPLE REGULATORY TEXT

A-1  APPLICATION FOR A SPECIFIC APPROVAL

a) An applicant for the initial issue of a specific approval shall provide the [Competent
Authority] with the documentation required, as detailed on the application form, and
the following information:

1) the official name, address and mailing address of the applicant; and
2) adescription of the intended operation.

b) An applicant for a specific approval shall provide evidence to the [Competent
Authority] that:

1) the applicant complies with the requirements;

2) the aircraft and required equipment fulfil the applicable airworthiness
requirements, are maintained according to the approved maintenance programme
and are approved when required;

3) a training programme has been established for flight crew and, as applicable,
personnel involved in these operations; and

4) operating procedures in accordance with the requirements have been documented.
Operating procedures should be documented in the operations manual. If an
operations manual is not required, operating procedures may be described in a
procedures manual.

C) An operator shall retain records relating to the requirements of a) and b) above at
least for the duration of the operation requiring the specific approval.

A-2  PRIVILEGES OF AN OPERATOR HOLDING A SPECIFIC APPROVAL

The scope of the activity that the operator is approved to conduct shall be documented and

specified:

a) for commercial operators, in the operations specifications associated to the air
operator certificate; and

b) for non-commercial operators, in the list of specific approvals.
A-3 CHANGES TO OPERATIONS SUBJECT TO A SPECIFIC APPROVAL

In case of a change that affects the conditions of a specific approval, the operator shall provide
the relevant documentation to the competent authority and obtain prior approval for the
change to operation, documented by an amendment to the approval document.
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A-4 CONTINUED VALIDITY OF A SPECIFIC APPROVAL

Specific approvals shall be issued for an unlimited duration. They shall remain valid subject to
the operator remaining in compliance.

A-5 PBN OPERATIONS

An aircraft shall be operated only in designated airspace, on routes or in accordance with
procedures where compliance with performance-based navigation (PBN) specifications is
required if the operator has been approved by the competent authority.

Guidance material for the global performance specifications, approval process, aircraft
requirement (e.g. generic system performances, accuracy, integrity, continuity, signal-in-
space, RNP specifications required for the on-board performance monitoring and alerting
system), requirements for specific sensor technologies, functional requirements, operating
procedures, flight crew knowledge and training and navigation database integrity
requirements can be found in the ICAO PBN manual (Doc 9613) and the complimentary
guidance material listed in the table below:

Flight Phase
En-route STAR Approach SID
/Or(;er?lgitz Continental Initial | Intermediate | Final | Missed
RNAV 10 X
RNAV 5 X
RNP 4 X
RNP 2 X X
RNAV 2 X X
RNP 1 X X X X X
RNAV 1 X X X X X
A-RNP X X X X X X
RNP APCH (LNAV) X X X
(LNAY/VNAY) < AN A N
RNP APCH (LP/LPV) X X
RNP AR X X X X X %
RE X X X X X
" VANAGEMENT < L AN RON BN N
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A-6 PBN OPERATIONAL APPROVAL

To be issued a PBN operational approval by the [Competent Authority], the operator shall
provide evidence that:

a) the relevant airworthiness approval of the RNAV system has been obtained;

b) a training programme for the flight crew involved in these operations has been
established; and

c) operating procedures have been established specifying:

1) the equipment to be carried, including its operating limitations and appropriate
entries in the minimum equipment list (MEL);

2) flight crew composition and experience requirements;
3) normal procedures;

4) contingency procedures;

5) monitoring and incident reporting; and

6) electronic navigation data management.
A-7 ELECTRONIC NAVIGATION DATA MANAGEMENT

Electronic navigation data products that have been processed for application in the air and on
the ground shall be used only once the [Competent Authority] has approved the operator’s
procedures for:

a) ensuring acceptable standards of data integrity and compatibility with the intended
function;
b) continual monitoring of the related data processes and the products; and
c) ensuring the timely distribution and insertion of electronic navigation data.
|
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Appendix - B - FLIGHT OPERATIONAL SAFETY
ASSESSMENTS (FOSAs)

B-1. FOSA OVERVIEW

1.1 Whyis a FOSA needed?

1.1.1 In some cases the operational needs of stakeholders lead to procedure designs which
may or may not comply with Required Navigation Performance Authorization Required
(RNP AR) Procedure Design Manual (Doc 9905) but which require the aircraft to be
operated in a manner that was not considered in its airworthiness approval.

1.1.2 A FOSA is intended to address this nominal mismatch.

1.1.3 When RNP AR APCH is being implemented it is for a specific reason, e.g. improved
access, safety, efficiency. The FOSA process helps to ensure that the operational needs,
the limits of safe and efficient aircraft performance, the means of assuring repeatable
and predictable flight operations, the means of safe flight operations when faced with
aircraft failures and hazardous conditions, etc., are understood by all relevant
stakeholders. As a result the aircraft operations, procedure design, contingency
arrangements, training and maintenance will all be at the level necessary for flight and
operational safety.

1.2 When should a FOSA be conducted?

A FOSA should be conducted for each RNP AR approach procedure where the more
stringent aspects of the nominal procedure design criteria (as per Doc 9905) are
applied (i.e. RF legs after the FAF, RNP missed approaches less than 1.0, RNP final
approaches less than 0.3) or where the application of the default procedure design
criteria is in an operating environment with special challenges or demands.

1.3 How should a FOSA be carried out?

1.3.1 The FOSA should ensure that for each specific set of operating conditions, aircraft and
environment, all failure conditions are assessed and, where necessary, mitigations are
implemented to meet the safety criteria. The assessment should give proper attention
to the inter-dependence of the elements of procedure design, aircraft capability, crew
procedures and operating environment.

1.3.2 The functional areas presented in Figure E-1 have been identified as elements to
assess collectively in a typical FOSA. The FOSA should act as the “glue” to combine and
analyse the risks associated with the RNP AR system.

B-2 REQUIRED DEPTH OF A FOSA

The depth of a FOSA and the associated level of resources are very important issues
for stakeholders. Three factors that influence the required depth of a FOSA are:
|
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Aircraft performance

Flight crew
operations Navigation Services

Aircraft failures

Operating
conditions ATC operations

Figure E-1. Elements to consider in a FOSA

a) how challenging the proposed procedure design is relative to the airworthiness
approval/qualification;

b) the operational and obstacle environment; and

c) the previous experience of stakeholders and the availability of appropriate
previous safety assessments.

2.1  Airworthiness approval/qualification

2.1.1 In order to meet the RNP AR eligibility requirements (the PBN manual (Doc 9613),
Volume II, Part C, 6.3.3) the manufacturer needs to establish that the criteria for
assessing probable failures during the aircraft qualification demonstrated that the
aircraft trajectory is maintained:

a) within 1 x RNP of the lateral track, 95 per cent of the flight time; and
b) within the vertical path, 99.7% of flight time.

Proper documentation of this demonstration in the aircraft flight manual (AFM), AFM
extension, or appropriate aircraft operational support document alleviates the need
for operational evaluations.
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2.1.2

2.1.3

2.2
2.2.1

2.2.2

2.3

2.3.1

2.3.2

B-3.

3.1
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RNP-significant improbable failure cases should also be assessed to show that, under
these conditions, the aircraft can be safely extracted from the procedure. Failure cases
may include dual system resets, flight control surface runaway and complete loss of
flight guidance function.

The aircraft performance demonstration during the operational evaluations can be
based on a mix of analyses and flight technical evaluations using expert judgement.
Aircraft performance in the event of failures, as well as in normal conditions, should
therefore be available in the AFM or an equivalent document.

Operational and obstacle environment

If the procedure is being introduced for noise alleviation purposes and there are no
obstacles close to the route (within 2 x RNP), a less detailed FOSA may be appropriate.
No FOSA is required if the default RNP values of 1, 1, 0.3 and 1 are used for the
procedure.

If a very complex and challenging procedure is being introduced for better access to a
runway surrounded by challenging terrain/obstacles, a more detailed FOSA may be
considered advisable (if no prior examination/assessment is found to be applicable —
see below).

Previous experience of stakeholders and availability of appropriate previous
FOSAs

The specific history and circumstances of the RNP AR APCH implementation and the
associated stakeholders will affect the depth of the FOSA. Important factors include
whether:

a) a new procedure is being developed, or one already exists, that is flown by other
carriers and/or by other aircraft types;

b) relevant FOSAs exist for the procedure or for other similar applications;

c) a carrier with an RNP-certified aircraft already has the manufacturer’s AFM,
operations manual, crew procedures, dispatch guidance, minimum equipment
criteria for RNP, compliance assessments, etc., that were considered valid from a
previous similar RNP AR application;

d) the ANSP and regulator(s) have previous experience with RNP AR approaches and
FOSA at this airport or similar locations.

When it is determined that no FOSA has to be performed, a rationale should be
provided, e.g. “not applicable as covered by basic aircraft certification and/or prior
operational approvals and FOSA”.

HOW TO CONDUCT A FOSA

Overview of the main steps

Within aviation a number of safety assessment methodologies are in use. There is
usually a large degree of commonality between them, and it is difficult to identify one
as clearly the best in all situations.
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The method illustrated in Figure E-2 was developed to be consistent with previous
FOSA material and more general safety assessment material. It is likely that many
organizations planning RNP AR approaches will already have their own safety
assessment processes in place. It is expected that the steps below will be represented
within these processes.
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3.2  Details of each step
Step 1 — System definition
3.2.1 The following information should be gathered with respect to the proposed RNP AR

APCH procedure:
|
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a) the proposed procedure design and details of the proposed operations including
FMS coding issues;

b) aircraft information, e.g. compliance documents against applicable States
regulations, in particular the aircraft RNP system performance under operational,
rare, normal and non-normal conditions which should be documented to support
the FOSA exercise;

c) flight crew procedures and training;

d) dispatch procedures and training;

e) proposed minimum equipment list (or RNP AR required equipment list);
f) any special maintenance requirements;

g) airport and airspace environment;

h) navigation infrastructure;

i) ATC facilities (including surveillance and communications), procedures and
intended training with respect to RNP AR operations; and

j) monitoring programme.

3.2.2 This should be used to put together a system description which is suitable and
sufficient to conduct the FOSA. It should be ensured that all relevant elements are
included, i.e. not just equipment hardware but human aspects, procedures, software,
firmware and environmental aspects. As part of this step, assumptions made in AR
guidance documents will need to be checked and validated.

3.2.3 With the system defined it is recommended that a small group of experts spend a short
amount of time to identify the difficult elements of the approach, any human factors
issues and any key hazards. This information will help to understand the exact
requirements and necessary outcomes of the FOSA process. Subsequently an
estimation of the depth of analysis required and the effort needed to complete the
FOSA can be made.

Step 2 — Setting safety criteria

3.2.4 Safety criteria can be quantitative or qualitative. The PBN manual notes that a FOSA is
likely to use a mix of quantitative and qualitative analysis so it would be expected that
the safety criteria reflect this. The following criteria have been found to be useful and
practical:

a) Quantitative safety objective criteria. Quantitative criteria work best in the
airworthiness domain where relevant data on equipment failure rates are available
and where consequences can be precisely defined. It should be noted that
conversions between different units (e.g. per flight hour to per approach) need to
take account of exposure times.

In the flight operations domain, human factors and the influence of procedures and
training make it much more difficult to derive meaningful quantitative criteria.

Hence qualitative criteria such as the following are generally more useful.
I —
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b) Risk reduced as far as reasonably practicable (AFARP). This criterion is commonly
used in aviation. It is sometimes referred to as the ALARP criterion, reducing risk
as low as reasonably practicable. It is generally used in a qualitative manner
although it can be used quantitatively via cost-benefit analysis.

In the context of the FOSA it can be applied globally to the system, i.e. the system as
a whole has reduced the risk AFARP, and it can also be applied hazard by hazard.
Risk reduced AFARP/ALARP is a flexible criterion suited to the mixture of
techniques used in a FOSA. It has been found to be readily accepted by
stakeholders in RNP AR case studies and has helped to define what extra risk
reduction measures were needed by the AO and ANSP.

c) Risk no greater than current operations. In a safety conscious industry such as
aviation, great care is taken to ensure that operations do not become riskier; rather
there is a drive to continue the downward trend in accident rates. This is
potentially a useful criterion to apply hazard by hazard to check that there are
adequate mitigations in place to ensure no risk increase. Potential difficulties with
this relative criterion are:

1) Sometimes it is very difficult even for aviation experts to compare the risks
from different approach types.

2) There is a range of risk associated with current approach operations
(historically non-precision approaches are significantly higher risk than
precision approaches). Hence the conclusions from use of this criterion will
depend on what is being compared.

3) Some regulations require that the ATM risk should decrease in the future as
traffic rises. Being as safe as today may not be good enough.

Therefore some care needs to be taken with this “no risk increase” criterion. On its
own it will probably not be sufficient, but together with the other criteria above it
can be part of a practical package. If a relative criterion is used, the other approach
type for comparison needs to be defined in the same level of detail as described
above in Step 1 for the RNP AR approach.

The choice of safety criteria is very important. It is advisable for AOs to consult
with their regulators before undertaking a FOSA. Some regulators may be wary of
an RNP AR approach that increases risk compared to an existing PA, for example,
even if the new procedure meets an AO’s existing risk tolerability matrix. This
could prevent an operational approval from being granted. The AFARP/ALARP
principle is likely to be an important and possibly the most practical part of the
criteria used in a FOSA.

Step 3 — Identification of hazards

3.2.5 There are a range of techniques that have been used in aviation to identify hazards.
Some of these are based on analysis by a single person and others use a group of
experts working as a team. Given the need for a FOSA to make use of a mix of
disciplines, a group-based approach is likely to be the most successful.
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3.2.6 The following points can help maximize the effectiveness of group-based hazard
identification:

a) ensure use of an experienced facilitator to guide the group;
b) gather the required mix of skills and knowledge, i.e.:
1) procedure designers;
2) aircraft and avionics manufacturers, if available;
3) technical support experts;
4) pilots (from relevant aircraft operators and test pilots if available);
5) AIM experts;

6) ATCOs and ATC representatives with knowledge of airspace planning and
technical facilities; and

7) regulators.

Representatives from other disciplines which could be useful in a FOSA include flight
operations, dispatch, maintenance and safety and quality. Running an effective group
session involves obtaining a balance of skills but also having a manageable size of

group.
Step 4 — Consequence analysis and severity evaluation

3.2.7 The manner in which the consequences of hazards are analysed will depend on the
hazards. Aircraft failures will use the failure condition effects and severity
classification detailed in the national advisory circulars/acceptable means of
compliance and will have to satisfy the quantitative safety objectives set forth in the
PBN manual and related documents. In this context, consequences are related to
quantitative lateral and vertical excursions and, in the case of excursion beyond the 2 x
RNP lateral corridor, whether or not the aircraft remains manoeuvrable and able to
make a safe extraction. To assess consequences in this manner will require
simulations. Where relevant analysis already exists from RNP certification activity this
should be used and not duplicated.

3.2.8 For hazards in many of the other FOSA functional areas, human failures and
procedural issues have a dominant effect. It is very difficult to assign a single severity
level or determine a quantified excursion for such hazards. Thus the consequences are
better described qualitatively for most of these other hazards. This information can
then be used in the decision-making process concerning whether mitigations are
sufficient to control risk to an acceptable level.

Step 5 — Causal analysis and likelihood estimation

3.2.9 The likelihood of aircraft equipment failures will already have been analysed in the
existing aircraft system safety assessment (SSA) documents. These often employ
techniques that can model complex trees/chains linking multiple causes to the hazard.
Data generally exists to populate these models and enable robust quantification of the

hazard likelihood.
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This enables a check to be made that the safety objectives can be met. This work will
already have been done during RNP AR certification activities, and it should not be
necessary for the manufacturer to supply detailed technical analyses. Details of the
hazards considered and their likelihood category should be sufficient for the FOSA.

3.2.10 For most of the other functional areas, where human failures and procedural issues
have a dominant effect, such detailed quantification either may not be possible or may
not be useful. A possible qualitative method used in the case studies was:

a) identify and document the relevant causes of the hazard;
b) map the causal mitigations (see Step 6) to these causes;

c) consider the likelihood of these causes implicitly when judging whether the
mitigations are sufficient.

3.2.11 At the end of Step 5, potential combinations and sequences of causes leading to
hazards and subsequent sequences of events to various consequences (from Step 4)
will be apparent. It is important that common cause failures (CCFs) within these
combinations and sequences are identified and their importance assessed. Critical
CCFs that can significantly increase risk levels will need additional mitigations.

Step 6 — Determination of mitigations

3.2.12 Mitigations that reduce the chance of a hazard occurring (causal mitigations) and
mitigations that reduce the severity of hazard consequences/effects should be
considered and documented. Splitting out the potential causes and consequences can
help this process.

3.2.13 As part of the analysis of consequential mitigations it would be expected that
contingency procedures would be fully worked out covering a range of challenging
hazards (e.g. double FMS loss, loss of GNSS) occurring at various critical locations (e.g.
in the RF leg, early in the procedure potentially requiring long extraction, at DA/ DH).

3.2.14 It is usually helpful to identify mitigations that are already in place or planned and then
to allow the FOSA group time to also identify potential extra mitigations. Some of these
potential extra mitigations may later be rejected as not needed or not practicable.
However, this part of the process is a key stage in demonstrating that risk has been
reduced AFARP.

Step 7 — Determination of risk acceptability

3.2.15 For aircraft failure hazards, the normal airworthiness criteria from 14 CFR 25.1309
will be used together with the PBN manual, Volume II, Part C, Chapter 6, 6.3.3, i.e.:

a) Criteria for assessing probable failures during the aircraft qualification will
demonstrate that the aircraft trajectory is maintained within a 1 x RNP corridor,
and 22 m (75 ft) vertical. Proper documentation of this demonstration in the AFM,
AFM extension, or appropriate aircraft operational support document alleviates
the operational evaluations.

b) RNP-significant improbable failure cases should be assessed to show that, under
these conditions, the aircraft can be safely extracted from the procedure. Failure
cases might include dual system resets, flight control surface runaway and

complete loss of flight guidance function.
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c) The aircraft performance demonstration during the operational evaluations can be
based on a mix of analyses and flight technical evaluations using expert judgement.

3.2.16 For most of the other hazards the most direct way to determine risk acceptability is for
the expert group to look at the mitigations and decide if residual risk is acceptable. In
making this decision the group will be making sure that risk is not going to be higher
than current operations and that it has been reduced AFARP.

3.2.17 If the safety criteria are not satisfied, the FOSA steps in Figure E-2 show the need to
consider further risk reduction measures either feeding back to Step 6 or potentially to
a system re-design, e.g. updated procedure design, in Step 1.

Step 8 — Documentation of FOSA
3.2.18 Expected contents of a FOSA document include:

a) introduction (including justification for the introduction of an RNP AR APCH,
benefits, etc.);

b) description of the system;

c) overview of the safety assessment process and safety criteria used;

d) analysis of procedures, including airport environment and procedure design;
e) identification of relevant hazards, causes and consequences;

f) documentation of relevant mitigations and determination of risk acceptability for
RNP AR operations;

g) key issues to be monitored in trials and in operations;
h) assumptions and open items to be validated and closed out;
i) conclusions/recommendations;

j) appendices with supporting information, i.e. minutes from group sessions, hazard
identification tables, hazard logs with action tracking.

3.3 Human factors issues
3.3.1 Normal operating procedures
3.3.1.1 The PBN manual contains guidance and requirements concerning:
a) revision of the minimum equipment list (MEL) to address RNP AR requirements;
b) use of autopilot and flight director;
c) dispatch RNP assessment;
d) NAVAID exclusion;
e) navigation database currency;

f) in-flight considerations including required equipment to start RNP AR approaches,
RNP management, lateral and vertical deviation monitoring, special go-around
procedures, altimeter setting and crosschecking and several others.
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3.3.1.2 These have been developed based on the accumulated knowledge of RNP AR/SAAAR
approaches conducted to date. An AO will need to develop a compliance checklist
against these procedures when developing the system description.

3.3.2 Abnormal and contingency procedures

3.3.2.1 The PBN manual also contains guidance on procedures for flight crew reacting to a
variety of possible equipment failures including:

a) engine failure during approach or missed approach;
b) loss of GNSS updates;
c) degradation of external signal-in-space;

d) failure of the RNP system components (e.g. failures of a GPS sensor, the flight
director or automatic pilot).

3.3.2.2 Manufacturers will be able to supply detailed lists of equipment failures for which
procedures should be available, e.g.:

a) loss of one auto-pilot (AP);
b) loss of both APs;
c) loss of NAV mode before or during approach;
d) loss of GPS as primary navigation (on one side);
e) loss of GPS as primary navigation (on both sides);
f) navigation accuracy downgrade (on one side);
g) navigation accuracy downgrade (on both sides);
h) GPS position disagrees with the FMS.

3.3.3 Training requirements

3.3.3.1 The PBN manual contains guidance and requirements concerning training for flight
crew and dispatchers. For flight crew there is detailed guidance on the contents of
ground training segments and flight training segments plus how these should be
evaluated. The training covers the normal procedures and abnormal/contingency
procedures listed above. Each pilot must complete at least two RNP approach
procedures that employ the unique RNP AR APCH characteristics of the operator’s
approved procedures, one procedure culminating in a landing and one in a missed
approach.

3.3.3.2 Manufacturers may supply additional training guidance specific to the relevant aircraft
types.

3.3.4 Recurrent training
The PBN manual also contains guidance on recurrent training. An AO should

incorporate recurrent RNP training that employs the unique (AR) approach
characteristics of the operator’s approved procedures as part of the overall

programime.
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A minimum of two RNP AR APCHs must be flown by each pilot for each duty position
(pilot flying and pilot monitoring), with one culminating in a landing and one
culminating in a missed approach, and may be substituted for any required “precision-
like” approach.

3.3.5 FOSA and HF issues

3.3.5.1 Having used the information in the previous sections to establish what is to be
proposed, the subsequent FOSA steps establish the adequacy of the procedures and
training for the specific RNP AR procedure.

3.3.5.2 The simple approach adopted in the case studies was to involve groups with
knowledge of the proposed procedures and training in the specific hazards to directly
determine the adequacy of the procedures and training. Where potential
improvements were identified these were listed for further consideration under Steps
6 and 7 of the FOSA.

B-4 FOSA AND ANSP CONSIDERATIONS

41 ANSP’s role in a FOSA

4.1.1 The personnel from an ANSP may be asked to participate in a FOSA, particularly in the
case of a new RNP AR procedure being implemented.

4.1.2 An ANSP may fulfil the following roles:

a) providing relevant information in Step 1, “System definition”, of the FOSA including
the proposed procedure design, ATC facilities, procedures, intended controller
training and navigation infrastructure;

b) participating in safety workshops addressing hazard identification, consequence
and causal analysis and helping to determine appropriate risk mitigations (Steps 3
to 6 of the FOSA);

c) reviewing and providing comments on the FOSA documentation.

4.1.3 Typically an ANSP will supply procedure designers, controllers, ATC engineers, AIM
experts and airspace planners to carry out these roles.

4.1.4 In addition to participating in these formal steps of the FOSA, it is likely that the
procedure designer will also liaise at an early stage with the AO to understand the key
operational needs for the RNP AR APCH.

4.2 How an ANSP can use FOSA outputs

4.2.1 There will be many outputs from the AO’s FOSA that the ANSP can use. For an RNP AR
APCH where the main safety issues relate to separation from terrain, typically in low
traffic density situations, FOSA outputs of use to the ANSP will include the following:

a) the impact of the procedure design on the flight crew. The procedure may be
compliant with ICAO’s RNP AR procedure design guidance but could still lead to
unacceptable or unnecessary increases in pilot workload. Feedback from the FOSA
could lead to the ANSP’s procedure designer needing to make changes;
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CAP : 205 Page 192 of 200

b) adequacy of ATC phraseology including clearance for the RNP AR APCH;

c) adequacy of ATC procedures relating to constraints on any vectoring or “direct to”,
provision of local pressure data, any changes in monitoring and in the event of
RNP-related aircraft failures;

d) adequacy of ATC training given the hazard identification and analysis performed
for the FOSA.

For an RNP AR APCH where the main safety issues relate to separation from other
traffic, perhaps in a busy terminal/airport environment, additional useful FOSA
outputs could include analysis of the:

a) adequacy of ATC procedures to handle mixed-mode traffic (RNP AR and other
approach types) including how to identify aircraft with different approach
capabilities and how to handle potentially different missed approach paths;

b) adequacy of existing monitoring systems, e.g. non-transgression zones;
c) impact of wide area GNSS failure on multiple aircraft.

[t is anticipated that more detailed guidance with respect to traffic separation safety
issues will be provided in a subsequent version of this document.

These and similar outputs can be brought into the ANSP safety assessment and
analysed using the existing ANSP safety assessment processes.

Additional issues to include in an ANSP safety case

Within an ANSP safety case, as well as documenting the safety assessment of the ATM
aspects of a new RNP AR APCH, an ANSP may also need to cover the following safety
assurance activities:

a) demonstration that the revised ATM system operates correctly and safely through
ATC simulations. If, for example, a new RNP AR APCH procedure is being
introduced for closely spaced parallel approaches this could represent a significant
ATM change with implications for controller workload. A consideration of the
dynamics via fast and/or real-time simulation may be required evidence from a
regulator. Real-time simulations can also be used to investigate controller reaction
to hazards identified in the FOSA. When a new RNP AR APCH involves only
minimal ATC changes, such ATC simulations would not be required;

b) flight trials under controlled conditions to ensure that the initial implementation is
safely managed. An ANSP will be involved in the coordination between the AO and
the regulator to ensure that flight trials occur initially only in VMC conditions, or
only with a limited subset of aircraft and crews, for example. The ANSP will
sometimes also collect data, e.g. radar track data, during these trials and early
operations to provide evidence to support the safety case;

c) an RNP monitoring programme to record and investigate any ATM significant
events.
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4.3.2 In addition, an ANSP safety case will need to demonstrate how ATM assumptions and
open issues from the FOSA have been closed out, e.g. testing for GNSS interference
prior to implementation, investigation of terrain masking, checks on accuracy of
obstacle and terrain survey data, etc.

B-5 SIMULATIONS, TRIALS AND MONITORING

51 Simulations and trials

5.1.1 Simulations (additional to those carried out during the airworthiness approval) can
provide valuable support to the safety assessment. Reasons for conducting simulations
could be to:

a) help evaluate alternative procedure designs;

b) evaluate the significance of a hazard for the proposed procedure design in a
specific operating environment;

c) familiarize a carrier new to RNP AR APCH with some of the key safety issues.
5.1.2 In the absence of any failures, simulations may investigate:
a) varying cross-winds;

b) increasing aircraft speeds above the recommended values on final approach and
missed approach to study the impact on guidance in the RF legs; and

c) guidance in heavy tailwinds (well beyond what would realistically be flown).
5.1.3 In addition, the following failures may be simulated:
a) one-engine inoperable in cross-wind during the RF leg;

b) manually steering away from centre line to observe what indications are provided
to the crew;

c) 10-hPa pressure setting error to observe the TAWS alert parameters;
d) map shift; and
e) autopilot disconnect just before the RF leg.

Note.— Aircraft operators’ simulators are unlikely to be able to model as wide a range of
failures as the development simulators used by aircraft manufacturers. Therefore
assistance from aircraft manufacturers may be required. From a safety perspective
simulations must reflect real situations as accurately as possible. There is a need to be
able to judge how close the simulation is to reality. Additional hazards and risks can be
introduced if simulations do not reflect real-world circumstances.

5.1.4 Trials can also be used to address safety issues, for example:
a) Initial flights can be conducted in VMC to check the navigation database.

b) A carrier new to RNP AR APCH might elect for an extended trial period in order to
train flight crew, dispatchers, etc., and to check that the operational procedures are
robust. This can help provide a smoother transition to full operations.
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c) The safety of the proposed operation may be demonstrated by the track-keeping
achieved under different metrological conditions and different system
failures/contingencies.

5.1.5 Trials may have extra mitigations associated with them which would not be
subsequently used in full operations, e.g. VMC conditions, compulsory use of autopilot.

5.1.6 Some States operate a process of “interim authorization”, where for the first 90 days
and at least 100 AR approaches in each aircraft type, the operator will be authorized to
conduct RNP approaches with AR using minima associated with RNP 0.3. For approach
procedures with no line of minima associated with RNP 0.3, the procedure must be
flown in VMC. The interim authorization is removed after completion of the applicable
time period and number of approaches and upon a review of the reports from the RNP
AR monitoring programme by the regulator. In certain circumstances it has been
possible to use flight evaluation to determine if an operation is possible.

5.2  Monitoring programme
5.2.1 The PBN manual notes the requirement for an RNP monitoring programme.
5.2.2 In the context of this FOSA guidance material it should be highlighted that:

a) One of the outputs of a FOSA should be an identification of key safety performance
indicators that will be part of the RNP monitoring programme. Some likely
candidates for safety performance indicators are already listed the PBN manual;
however, a local FOSA may identify certain hazards as the main risk drivers, and
therefore monitoring the precursors to these hazards will be important to
controlling risk during the operational phase.

b) A FOSA may also identify key assumptions or open issues which are difficult to
validate without operational data. Again these should be fed forward to the
monitoring programme.

5.2.3 Compared to other types of approaches (e.g. ILS approaches) there are still relatively
few RNP AR approaches worldwide. Thus it is important to pool information from
monitoring programmes to see whether the predictions from FOSAs (e.g. on deviation
frequencies) are realistic.
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Appendix - C - FLIGHT SIMULATION TRAINING DEVICE
FUNCTIONALITY AND QUALIFICATION FOR RNP AR APCH

1. A statement of compliance is required that attests to the fact that the simulation of the
navigation systems (i.e. EGPWS, GPS, IRS, FMS) and flight guidance systems accurately
replicate the operator’s equipment and is based on original equipment manufacturers
(OEM) or aircraft manufacturer’s design data. A statement of compliance template
should be made available by the regulatory authority.

2. While there are no requirements for airport-specific models (e.g. FAA 14 CFR Part 60,
Class I or Class Il models) to be used in the qualification of a flight simulation training
device (FTSD) for RNP AR APCH training, any visual model must employ real-world
terrain modelling. Furthermore, approved RNP AR APCH applications must be used.
Generic airport models may be approved for use in training where airport recognition
in the visual segment portion of the RNP/AR approach is not critical to completion of
the training task. In these cases, a generic airport with a real-world visual terrain
model may be utilized. In addition, any terrain awareness and warning system
(TAWS/EGPWS) must provide correct terrain feedback (Class A terrain display) and
warnings consistent with the specific approach being trained.

3. Evidence must be provided that the FSTD is equipped and operated in accordance with
a valid aircraft cockpit configuration and complies with all applicable software
versions or limitations. The operator should ensure that the simulator has the
capabilities to support the simulation of any manufacturer required, or operator
adapted, normal and non-normal procedures, including appropriate aircraft/system-
specific failures and relevant operating conditions (obtained from the appropriate
OEM or vendor), for inclusion in the flight training programme.

4, The following items should be addressed in the statement of compliance:

Simulator PBN RNP AR capability

— Airframe
e Model
e Engines
e  Winglets

e Other airframe unique options
— Flight guidance and flight management system

e Part numbers for all software and hardware components

— Autoflight options
— Autothrust
|
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— Air data system

— PFD

— Flight mode annunciation

— TAWS
e GPS position as a direct input to keep terrain on navigation display
e Peaks and obstacle function
e Database currency

Operator and crew policies and procedures

— AFM or equivalent documentation providing all training assumptions taken in the
framework of RNP AR qualification of the aircraft

— FCOMs

— QRH

— Checklist

Ability to generate failures and degradation
— GPS faults

— CDU faults and failures

— Display unit failures

— Flight guidance system failures

— Loss of NAV or approach modes

— Loss of deviation or performance information
— Loss of TAWS data or display

— TAWS terrain discrepancies

— Dual loss of GPS sensors

— FMS/GPS position disagreements

— FMS failures or downgrades

Visuals

— Ability to add airports to the visual database

— Use of generic airport with TAWS (possibility to set a generic visual with “flat
terrain” in a way so as to avoid spurious GPWS warning or crash simulator
generated by an inaccurate generic visual terrain)

— Runway coordinates must match AIP

— Visual terrain is accurate and does not cause spurious TAWS alerts (or flat terrain
option in visual settings)
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Navigation database considerations
— Procedure service provider/developer test databases and loading media
— Coordination required with multiple parties associated with process
e Aircraft OEM
e FMS/FGS vendor
e Operator
e FSTD vendor
e Navigation database packing service provider
e Flight training provider
Evaluation criteria
— Normal performance and functionality:
e Up-to-date database with display of validity period
e Operable Class A TAWS identical to the aircraft

e Dual FMSs, dual GPSs, dual autopilots and at least a single IRU and all must be
operable

e Statement of compliance with the OEM systems included in the eligible
configuration of RNP AR aircraft qualification

e Ability to load the entire RNP/AR approach procedure to be flown from the on-
board navigation database

e Ability to verify the RNP/AR procedure to be flown through a review of the
individual waypoints

e Either an equipment capability or an operational procedure to provide a direct
means of inhibiting sensor updating (VOR/DME), if required

e FSTD autopilot/flight director able to fly an RF leg, comply with the aircraft’s
bank angle limits, able to maintain lateral track navigation without exceeding
the RNP value while encountering strong tailwinds

e Upon initiating a go-around or missed approach (through activation of TOGA or
other means), the lateral flight guidance mode should remain in LNAV. If the
aircraft cannot remain in LNAV after TOGA is selected, then procedures to re-
engage LNAV while remaining within 1 x RNP must be demonstrated and
verified in the FSTD. The FSTD must permit re-engagement of LNAV by 400 ft
AGL.

— Non-normal performance and functionality:

e The navigation system must have the ability to monitor the achieved navigation
performance and to alert the pilot when the RNP requirements are not being
met (i.e. “UNABLE RNP”)
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SECTION: APPENDIX - C

e The instructor’s operating panel must have the capability to induce the
malfunction of an “UNABLE RNP” alert or other alert message that would cause
a missed approach during an RNP AR APCH (e.g. FMS failure, GPS failure, AP
failure, loss of guidance, loss of FD/FDE, engine failure, extreme
wind/turbulence). The malfunction must appear realistic to the pilots.

— Demonstration mode:

o The ability to demonstrate cockpit effects induced by remote or very remote
failure combinations at a faster rate than real time would be advantageous, the
objective being to illustrate and consolidate the theoretical knowledge received
during the ground course. The FTSD should clearly indicate that the training
situation is not in real time (“demo mode” displayed in front of the visual
scene). Example effects could include:

- FMS/GPS position disagree

- FMS 1/FMS 2 position disagree

- Inconsistency between the terrain display and one or both FMS FPL displays
- Effect of position radio navigation update

- High/low temperature impact on non-compensated baro-VNAV FPA

- Loss of GPS, GPS primary lost, navigation accuracy downgraded

- IRS drift effect.
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SECTION: REFERENCES
REFERENCES
COMPLIMENTARY GUIDANCE MATERIAL
EASA AMC 20-12
RNAV 10
FAA AC 90-105( )
EASA AMC 20-4
RNAV 5
FAA AC 90-105( )
RNP 4 FAA AC 90-105( )
RNP 2 FAA AC 90-105()
EASA TBA
RNAV 2
FAA AC 90-100( )
EASA TBA
RNP 1
FAA AC 90-105( )
EASAJAA TGL 10
RNAV 1
FAA AC 90-100( )
A-RNP FAA AC 90-105()

RNP APCH (LNAV)

RNP APCH (LNAV/VNAV)

EASA AMC 20-27
FAA AC 90-105()

RNP APCH (LP/LPV)

EASA AMC 20-28
FAA AC90-107

RNP AR

EASA AMC 20-26
FAA AC90-101

RF

FAA AC 90-105()

ELECTRONIC DATA MANAGEMENT

EASA Part 21, Subpart G
FAA AC 20-153
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