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Summary

This working paper presents the proposals of Advisory Circulars (AC) related to
aircraft and operators approval for RNP APCH, RNP AR APCH and APV/baro-
VNAV operations, in order to support the implementation of PBN in the approach
phase.

References:

e Regional Project RLA/99/901
e  SAM/IG/2 report

1

1.1 During the Second Workshop/Meeting of the SAM Implementation Group (SAM/IG/2)
(Lima, Peru, 3 to 7 November 2008), the Meeting took note on the job programme for the development of
Advisory Circulars (AC) related to PBN operational approvals.

1.2 In this concern, the Meeting considered that the working programme presented by the
Technical Committee (TC) of the Regional Safety Oversight Cooperation System (SRVSOP), was
appropriate to the regional needs, reason why the schedule mentioned was approved.



SAM/IG/3

WP/17
-2-
2 Analysis
2.1 Taking into consideration that PBN implementation requires to develop guidance material

to perform aircrafts and operators approvals corresponding to different RNAV and RNP navigation
specifications, the SRVSOP’s Technical Committee, in accordance to its timing possibilities, proceeded
to create the following AC:

v' CA 91-008 - Aircraft and operators approval for RNP APCH operations;
v' CA 91-009 - Aircraft and operators approval for RNP AR APCH operations; and

v" CA 91-010 - Aircraft and operators approval for APV/baro-VNAYV operations.

2.2 AC 91-008 - Aircraft and operators approval for RNP APCH operations, establishes
criteria for the aircraft and operators approval related to required navigation performance approach (RNP
APCH), actually appointed as RNAV gnssy and GNSS (GPS). These approaches are designed with straight
segments and with vertical guidance or without it. According to Chapter 1 — Definitions of Annex 6, Part
I, when these approaches use only lateral guidance are classified as a non-precision approach operations
(NPA) and when they use both types of guidance, lateral and vertical, they are classified as approach
operations with vertical guidance (APV), since they do not meet the requirements established for
precision approach and landing operations. This document provides only the approval criteria related to
lateral navigation. Criteria corresponding to vertical navigation for this kind of approach, when designed
with this application, are described in AC 91-010.

2.3 AC 91-009 - Aircraft and operators approval for RNP AR APCH operations provides the
approval criteria of aircraft and operators for RNP authorization required approach (RNP AR APCH).
The AIP should clearly indicate the navegation application is RNP AR APCH and specific authorization
is required. At present, these procedures are designated as RNAV gnp). This kind of approach uses lateral
and vertical guidance too, but does not meet the requirements established for precision approach and
landing operations; thus, they are also classified as APV operations. An RNP AR APCH operation is
designed when a straight-in approach is not possible operationally. There are three elements in the criteria
of the procedures design of an RNP AR APCH approach which should be used only in case there is an
specific operational need or benefit. Consequently, an operator may be authorized to all or any of the
following subgroups of this types of procedures:

v' Ability to fly a published arc, also known as a leg with a constant radius arc to a fix (RF leg);

v" Reduced lateral obstacle evaluation area on the missed approach (also referred to as a
missed approach requiring RNP less than 1.0).

v RNP AR APCH approach that uses a line of minima less than RNP 0.3 and/or a missed
approach that requieres RNP less than 1.0.

2.4 AC 91-010 - Aircraft and operators approval for APV/baro-VNAV operations, provides
the approval criteria for aircraft and operators for approach operations with vertical guidance/barometric
vertical navigation (APV/baro-VNAV). This AC establishes only the criteria for approval of vertical
navigation of RNP APCH approaches, when this type of navigation is required in those approaches.
Aircraft approved under AC 91-009, fulfill all the criteria related with the vertical navigation of this
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document, in this sense, they do not need to get a new approval according to this AC.
25 Implementation in SAM region of RNP APCH, RNP AR APCH and APV/baro-VNAV

operations, requires the participation of every State and the need to harmonize requirements and
procedures of this type of operations.

2.6 Before authorizing RNP APCH, RNP AR APCH and APV/baro-VNAV operations, the
States should include in their national regulations, the rules related to these navigation specifications and
develop the procedures related to the aircraft and operations approval.

2.7 Actually, Project RLA/99/901 is developing Latin American Aeronautical Regulations
and corresponding manuals for operations and airworthiness inspectors with the purpose of establishing
common requirements and procedures in the region.

2.8 In this context, the Technical Committee of the Regional Safety Oversight Cooperation

System (SRVSOP) of Project RLA/99/901 has been entrusted the development of the mentioned AC.
Proposals of those AC are presented respectively in the following appendix:

v Appendix A: AC 91-008 - Aircraft and operators approval for RNP APCH operations;

v" Appendix B: AC 91-009 - Aircraft and operators approval for RNP AR APCH operations;
and

v" Appendix C: AC 91-010 - Aircraft and operators approval for APV/baro-VNAYV operations

3 Suggested Action:
3.1 The Meeting is invited to:
a) Consider the given information in this study note; and
b) Review and change what convenient to the Advisory Circulars and adopt them

as as a guidance documents in the region.

E R S
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APPENDIX A

ADVISORY CIRCULAR

AC . 91-008
DATE . 06/04/09
REVISION : Original
ISSUED BY . SRVSOP

SUBJECT: APPROVAL OF AIRCRAFT AND OPERATORS FOR RNP APPROACH (RNP
APCH) OPERATIONS

1. PURPOSE
This advisory circular (AC) provides acceptable means of compliance (AMC) for the approval of aircraft and

operators applying for RNP approach (RNP APCH) operations.

An operator may use other means of compliance, provided they are acceptable for the civil aviation
administration (CAA).

Use of the future tense of the verb or use of the term “must” applies to an applicant or operator that chooses
to meet the criteria established in this AC.

2. SECTIONS RELATED TO THE LATIN AMERICAN AERONAUTICAL REGULATIONS
(LARs) OR EQUIVALENT

LAR 91: Section 91.880 (b) or equivalent

LAR 121: Section 121.995 (b) or equivalent

LAR 135: Section 135.565 (c) or equivalent

3. RELATED DOCUMENTS
Annex 6 Aircraft operations
Annex 10 Aeronautical telecommunications

Volume I: Radio navigation aids
Doc 9613 (final draft) ~ Performance-based navigation manual (PBN)
Doc 8168 Aircraft operations
Volume I: Flight procedures
Volume II: Construction of visual and instrument flight procedures

AMC 20-27 Airworthiness approval and operational criteria for RNP APPROACH (RNP APCH)
operations including APV BARO-VNAYV operations

FAA AC 90-105 Approval guidance for RNP operations and barometric vertical navigation in the
U.S. National Airspace System
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DEFINITIONS AND ABBREVIATIONS
Definitions

Primary field of view.- For purposes of this AC, the primary field of view is within 15 degrees of the
primary line of sight of the pilot.

Navigation specifications.- Set of aircraft and flight crew requirements to support performance-
based navigation operations within a defined airspace. There are two classes of navigation
specifications: RNAV and RNP. The RNAV specification does not include on-board performance
control and alert requirements. The RNP specification includes on-board performance control and
alert requirements.

Performance-based navigation (PBN).- Performance-based area nhavigation requirements
applicable to aircraft conducting operations on an ATS route, in an instrument approach procedure, or
a designated airspace.

Performance requirements are expressed in the navigation specifications (RNAV and RNP
specifications) in terms of the precision, integrity, continuity, availability, and functionality required for
the intended operation within the context of a particular airspace concept.

Area navigation (RNAV).- Navigation method that permits aircraft operations in any desired flight
path within the coverage of ground-based or space-based navigation aids, or within the capability
limits of autonomous aids, or a combination of the two.

Area navigation includes performance-based navigation as well as other operations not contemplated
in the performance-based navigation definition.

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

Required navigation performance (RNP).- Statement of the navigation performance required to
operate in a defined airspace.

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 are identified as either:

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

Flyover way-point.- A way-point at which a turn is initiated in order to join the next segment of a route
or procedure.

Initial approach fix (IAF).- Fix that marks the beginning of the initial segment and the end of the
arrival segment, if applicable. In RNAV application, this fix is normally defined as a “fly-by fix".

Flight management system (FMS).- Integrated system made up by an on-board sensor, a receiver,
and a computer with navigation and aircraft performance databases, capable of providing
performance values and RNAV guidance to a display and automatic flight control system.

Global positioning system (GPS).- The U.S. global navigation satellite system (GNSS) is a
satellite-based radio navigation system that uses precise distance measurements to determine the
position, speed and time anywhere in the world. The GPS is made up by the spatial, control and user
elements. The spatial element is made up by at least 24 satellites in 6 orbiting 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 information.
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Global navigation satellite system (GNSS).- Generic term used by ICAO to define any global
positioning and timing system made up by one or more main satellite constellations, such as the GPS
and the global navigation satellite system (GLONASS), aircraft receivers, and several integrity
surveillance systems, including aircraft-based augmentation systems (ABAS), satellite-based
augmentation systems (SBAS), such as the wide area augmentation system (WAAS) and ground-
based augmentation systems (GBAS), such as the local area augmentation system (LAAS).

Distance information will be provided, at least in the immediate future, by GPS and GLONASS.
RNP system.- Area navigation system that provides on-board performance control and alert.

RNP value.- The RNP value designates the lateral performance requirement associated with a
procedure. Examples of RNP values are: RNP 0.3 and RNP 0.15.

Receiver autonomous integrity monitoring (RAIM).- Technique used in a GPS receiver/processor
to determine the integrity of its navigation signals, using only GPS signals or enhanced GPS signals
with barometric altitude data. This determination is achieved by a consistency check between
redundant pseudo-range measurements. At least one satellite in addition to those required must be
available to obtain the navigation solution.

Abbreviations

AAC Civil Aviation Administration

ABAS Aircraft-based augmentation system

AIP Aeronautical information publication

AP Autopilot

APCH Approach

APV Approach procedure with vertical guidance

APV/baro-VNAV Approach operations with vertical guidance/Barometric vertical navigation
AR Authorisation required

AIRAC Aeronautical information regulation and control

AC Advisory circular (FAA)

AFM Aircraft flight manual

AMC Acceptable means of compliance

ATC Air traffic control

ATS Air traffic service

baro-VNAV Barometric vertical navigation

CA Advisory circular (SRVSOP)

CDI Course deviation indicator

CbhuU Control display unit

DME Distance measuring equipment

DME/DME Distance measuring equipment/distance measuring equipment
DME/DME/IRU Distance measuring equipment/distance measuring equipment/inertial

reference unit
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DTK
EASA
EHSI
ETA

FAA

FAF

FD

FMS
Fly-by WPT
Flyover WPT
FSD

FTE
GBAS
GNSS
GLONAS
GPS

IAF

IAP

IFR

IRU
LAAS
LAR
LNAV
LOA

LP

LPV
MAPt
MEL
NAVAIDS
2D navigation
NDB

NSE
NOTAM
OACI
OCA/H
OEM

A-4

Desired track

European Aviation Safety Agency
Enhanced horizontal situation indicator
Estimated time of arrival

United States Federal Aviation Administration
Final approach fix

Flight director

Flight management system

Fly-by waypoint

Flyover waypoint

Maximum deflection

Flight technical error

Ground-based augmentation system
Global navigation satellite system

Global navigation satellite system

Global positioning system

Initial approach fix

Instrument approach procedure
Instrument flight rules

Inertial reference unit

Local area augmentation system

Latin American Aeronautical Regulations
Lateral navigation

Letter of authorisation/letter of acceptance
Localizer performance

Localizer performance with vertical guidance
Missed approach point

Minimum equipment list

Navigation aids

2D area navigation that only uses the capabilities on the horizontal plane
Non-directional beacon

Navigation system error

Notice to airmen

International Civil Aviation Organization
Obstacle clearance altitude/height

Original equipment manufacturer
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oM
OpSpecs
PANS-OPS
PBN

PDE

PF

PFD

POH

PM

PNF

RAIM

RF

RNAV
RNAVenss)
RNP

RNP APCH
RNP AR APCH
SBAS

SL
SRVSOP
STC

TCDS

TSE

TSO

VMC
VNAV
VOR

VPA
WAAS
WGS

WPT

XTK
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Operations Manual
Operational specifications
Procedures for air navigation services — Aircraft operations
Performance-based navigation
Path definition error
Pilot flying the aircraft
Primary flight displays
Pilot operations manual
Pilot monitoring the aircraft
Pilot not flying the aircraft
Receiver autonomous integrity monitoring
Constant radius to fix arc
Area navigation
GNSS (GPS)-based RNP APCH approaches
Required navigation performance
Required navigation performance approach
Required navigation performance authorization required approach
Satellite-based augmentation system
Service letters
Regional Safety Oversight Cooperation System
Supplementary type certificate
Type certificate data sheet
Total navigation system error
Technical standard order
Visual flight meteorological conditions
Vertical navigation
VHF omnidirectional radio range
Vertical path angle
Wide area augmentation system
World geodetic system
Waypoint

Cross-track
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5. INTRODUCTION
5.1 According to Doc 9613 of the International Civil Aviation Organization (ICAO) - Manual on

Required Navigation Performance (PBN), there are two types of required navigation performance (RNP)
specifications for approach operations: RNP approach (RNP APCH) and RNP with authorisation required
approach (RNP AR APCH).

5.2 This AC only establishes only lateral navigation requirements (2D navigation) along direct
segments.
5.3 The requirements for approaches with curved segments or published arcs, also known as

radius to fix segments (RF segments), are specified in AC 91-009 of the Regional Safety Oversight
Cooperation System (SRVSOP) — Approval of aircraft and operators for RNP approach procedures
requiring authorisation (RNP AR APCH).

5.4 The criteria concerning barometric vertical navigation (baro-VNAV) in an RNP APCH are
contained in SRVSOP AC 91-010 — Approval of aircraft and operators for approach operations with
vertical guidance/barometric vertical navigation (APV/baro-VNAV).

55 According to Annex 6 to the Convention, when RNP APCH procedures do not include
barometric vertical guidance, they are classified as non-precision approach procedures (NPA). On the
other hand, when RNP APCH operations include barometric vertical guidance, they are classified as
approach operations with vertical guidance (APV).

5.6 This AC provides guidelines on existing RNAVgnss) or GNSS approaches that have been
designed with a direct segment and that are classified as RNP APCH operations.

5.7 Baro-VNAYV systems are optional capabilities that do not constitute a minimum requirement
for flying RNAV gnss) of GNSS approaches using a line of LNAV minima.

5.8 Operations with localizer performance (LP) and localizer performance with vertical guidance
(LPV) are not covered by this AC and will be the subject of another SRVSOP AC.

5.9 This document also offers general considerations on the approval of autonomous and multi-

sensor aircraft systems, including their functional, precision, integrity, continuity, and restriction
requirements, together with operational considerations.

5.10 Autonomous and multi-sensor RNP systems that use GNSS (GPS) and that comply with AMC
20-27 of the European Aviation Safety Agency (EASA) and with the advisory circulars (AC) of the United
States Federal Aviation Administration (FAA): AC 90-105, AC 20-138A, AC 20-130A or TSO C
115b/ETSO C 115b, meet the ICAO RNP APCH navigation specification.

Nota.- Multi-sensor systems may use other combinations of sensors, such as distance measuring equipment/distance measuring
equipment (DME/DME) or distance measuring equipment/distance measuring equipment/inertial reference unit (DME/DME/IRU),
that provide an acceptable navigation performance for RNP APCH operations; however, these cases are limited due to the
increased complexity of navigation aid (NAVAID) infrastructure requirements and assessment, and are not practical or profitable for
general application.

5.11 The material described in this AC has been developed based on the following document:
v Chapter 5, Volume II, Part C of ICAO Doc 9613 — RNP APCH Implementation.
5.12 Inasmuch as possible, this AC has been harmonised with:

v EASA AMC 20-27 - Airworthiness approval and operational criteria for RNP
APPROACH (RNP APCH) operations including APV BARO-VNAY operations; and

4 FAA AC 90-105 - Approval guidance for RNP operations and barometric vertical
navigation in the U.S. National Airspace System.

Note.- Notwithstanding harmonisation efforts, operators shall note the differences between this AC and the
aforementioned documents when requesting an authorisation from the corresponding Administrations.
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GENERAL CONSIDERATIONS

Radio aid infrastructure.-

The global navigation satellite system (GNSS) is the primary navigation system supporting RNP
APCH procedures.

In baro-VNAV RNP APCH operations procedure design is based on the use of barometric altimetry
provided by an aircraft RNP system whose capabilities support the required operation. The
procedure design must take into account the performance and functional capabilities required in
SRVSOP AC 91-010 — Approval of aircraft and operators for approach operations with vertical
guidance/barometric vertical navigation (APV/baro-VNAYV), or equivalent documents.

The airspace authority must consider acceptance of the risk of losing RNP APCH capacity in multiple
aircraft due to failure or loss of the control and alert function on board the aircraft (for example,
spaces with no receiver autonomous integrity monitoring (RAIM) coverage).

Obstacle clearance.-
RNP APCH operations without baro-VNAYV guidance.-

Doc 8168 (PANS-OPS), Volume Il — Construction of visual and instrument flight procedures, provides
detailed obstacle clearance guidelines. The missed approach procedure may be supported either by
RNAV or by conventional segments (e.g., segments based VHF onmidirectional radio range (VOR),
distance measuring equipment (DME), or non-directional radio beacon (NDB)).

Procedure designs must take into account the lack of vertical navigation (VNAV) capability of the
aircraft.

RNP APCH operations with baro-VNAV guidance.-

Baro-VNAV applies when vertical guidance and information is provided to the flight crew during
instrument approach procedures containing a vertical path defined by a vertical path angle (VPA).

Doc 8168 (PANS-OPS), Volume Il — Construction of visual and instrument flight procedures, provides
detailed obstacle clearance guidelines. The missed approach procedure may be supported either by
RNAV or conventional segments (e.g., segments based on VOR, DME, NDB).

Publications.-
Instrument approach charts will clearly identify the RNP APCH application as RNAV gnss).

For RNP APCH operations without baro-VNAV, the procedure design will be based on normal
descent profiles, and the charts will identify minimum altitude requirements for each segment,
including a lateral navigation obstacle clearance altitude/height (LNAV OCA/H).

For RNP APCH operations with baro-VNAV, the charts will follow the standards of Annex 4 to the
Convention on International Civil Aviation for the designation of an RNAV procedure where the
vertical path is specified by a VPA. The chart designation will be consistent with said Annex and a
lateral and vertical navigation obstacle clearance altitude/height will be issued (LNAV/VNAV OCA/H).

When the missed approach segment is based on conventional methods, the navigation aids
(NAVAIDSs) or the aircraft means of navigation that are necessary to conduct the missed approach will
be identified in the relevant publications.

The navigation information contained in the aeronautical information publication (AIP) that is
applicable to the supporting procedures or NAVAIDs will meet the requirements of Annexes 15 and 4
to the Convention on International Civil Aviation (as appropriate). Procedure charts will provide
sufficient data to support the verification of the navigation database by the flight crew (including
waypoint names (WPT), tracks, distances for each segment and the VPA).

All procedures will be based on the coordinates of the world geodetic system 84 (WGS 84).
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6.4 Air traffic service (ATS) communication and surveillance.-
a) RNP APCH operations do not include specific ATS communication and surveillance requirements.

b)

c)

d)

6.5

a)

a)

8.1

a)

b)

8.2

Adequate obstacle clearance is obtained through aircraft performance and operational procedures.
When confident on the use of radar to support contingency procedures, it must be demonstrated that
its performance is adequate for this purpose. The radar service requirement will be identified in the
AlP.

Appropriate radio phraseology will be published for RNP APCH operations.

Air traffic control (ATC) is expected to be familiar with aircraft VNAV capabilities, as well as with
aspects concerning altimetry setting and the effect of temperature on the integrity of baro-VNAV RNP
APCH operations.

The particular hazards of the terminal area and the approach must be assessed, as well as the effect
of contingency procedures following a multiple loss of RNP APCH capability.

Additional considerations.-
Consideration will be given to the fact that many aircraft are capable of executing the holding pattern
manoeuvre using an RNP system.

DESCRIPTION OF THE NAVIGATION SYSTEM

Lateral navigation (LNAV).- In LNAV, RNP equipment enables the aircraft to fly in accordance with
appropriate routing instructions along a path defined by waypoints maintained in an on-board
navigation database.

Note.- Normally, LNAV is a mode of flight guidance systems where the RNP equipment provides path steering commands to
the flight guidance system that controls flight technical error (FTE) through either manual pilot control with a path deviation
display or through FD or AP coupling.

AIRWORTHINESS AND OPERATIONAL APPROVAL
In order to get an RNP APCH authorization, a commercial air transport operator shall obtain two

types of approval:

an airworthiness approval from the State of Registry; (see Article 31 of the Chicago Convention and
paragraphs 5.2.3 and 8.1.1 of Annex 6, Part I); and

an operational approval from the State of the Operator (see paragraph 4.2.1 and Attachment F to
Annex 6, Part I).

For general aviation operators, the State of Registry will determine if the aircraft meets the

applicable RNP APCH requirements and will issue the operational authorisation (e.g., a letter of
authorization — LOA) (see paragraph 2.5.2.2 of Annex 6, Part II).

8.3

Before submitting the application, operators shall review all the aircraft qualification

requirements. Compliance with airworthiness requirements or the installation of the equipment, by
themselves do not constitute operational approval.

9.

9.1

AIRWORTHINESS APPROVAL

General.-

The following airworthiness criteria apply to the installation of RNP systems required for RNP APCH
operations:

1) This AC uses FAA AC 20-138/AC 20-138A (autonomous GPS system) or AC 20-130A (multi-
sensor system) as a basis for the airworthiness approval of a GNSS-based RNP system.
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2)  For baro-VNAV operations, AC 20-129 will be used, as established in SRVSOP AC 91-010.
Aircraft and system requirements.-

Aircraft approved to conduct (GPS) RNAV or GPS approaches meet the performance and functional
requirements of this AC for RNP APCH instrument approaches without radius to fix (RF) segments.

Aircraft that have a statement of compliance with respect to the criteria contained in this AC or
equivalent documents in the flight manual (AFM), AFM supplement, pilot operations handbook
(POH), or the avionics operating manual, meet the performance and functional requirements of this
AC.

Aircraft that have a statement by the manufacturer documenting compliance with the criteria of this
AC or equivalent documents meet the performance and functional requirements of this document.
This statement will include the airworthiness grounds for such compliance. The equipment or aircraft
manufacturer will determine compliance with sensor requirements, while functional requirements may
be determined by the manufacturer or through an inspection by the operator.

If the RNP facility is based on an autonomous GNSS system, the equipment shall be approved in
keeping with technical standard order (TSO) C129a/ETSO-C129a Class Al (or subsequent revisions)
or with TSO-C146a/ETSO-C146a Class Gamma and Operational Class 1, 2, or 3 (or subsequent
revisions) and shall meet the functional requirements of this document.

If the RNP facility is based on GNSS sensor equipment used in a multi-sensor system (e.g., flight
management system (FMS)), GNSS sensors shall be approved in keeping with TSO-C129 ()/ETSO-
C129 () Classes B1, C1, B3, C3 (or subsequent revisions) or TSO-C145 ()/ETSO-C145 () Class Beta
and Operational class 1, 2 or 3 (or subsequent revisions) and shall meet the functional requirements
of this document.

Multi-sensor systems using GNSS shall be approved in keeping with AC 20-130A or TSO-
C115b/ETSO-C115b and shall meet the functional requirements of this document.

Note.- The GNSS equipment approved by TSO-C129a/ETSO-C129a must fulfil the system functions specified in this
document. Furthermore, integrity shall be provided through an aircraft-based augmentation system (ABAS). It is advisable that
GNSS receivers include pseudorange hop detection and message health code verification.

Note.- Multi-sensor systems using a DME/DME or DME/DME/IRU as single means of RNP compliance are not authorised to
conduct RNP APCH operations.

Performance and functional requirements of RNP systems
Precision.-

1) Total navigation system error (TSE) in the lateral and longitudinal dimensions (along the flight
path) for an RNP APCH procedure must be within:

(@ + 1 NM for at least 95 percent of the total flight time in the initial and intermediate
approach segments and in the missed approach.

Note.- There is no specific RNP precision requirement for the missed approach if this segment is based on
conventional NAVAIDs (VOR, DME, NDB) or in dead reckoning navigation.

(b) +0.3 NM for at least 95 percent of the total flight time in the final approach segment.

2) In order to meet the precision requirement, the flight technical error (FTE) (95%) shall not
exceed:

(@ 0.5 NM in the initial, intermediate, and missed approach segments of an RNP APCH
procedure; and

(b) 0.15 NM in the final approach segment of the procedure.

Note .- The use of a deviation indicator with a maximum deflection (FSD) of 1 NM in the initial, intermediate, or missed
approach segment and an FSD of 0.3 NM in the final approach segment is considered to be an acceptable means of
compliance.
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3) An acceptable means of compliance with the precision requirements described in the previous
paragraphs is having approved RNP systems in keeping with the 2D navigation precision
criteria established in AC 20-138, AC 20-138A or AC 20-130A.

Integrity.- The malfunction of the aircraft navigation equipment causing the TSE to exceed 2 times
the RNP value is classified as a major failure condition according to airworthiness regulations (e.g.,
10” per hour).

Continuity.- Loss of a function is classified as a minor failure condition if the operator can reverse to
a different navigation system and proceed to an suitable airport. If the missed approach procedure is
based on conventional NAVAIDs (e.g., VOR, DME, NDB), the associated navigation equipment must
be installed and operational. For RNP APCH operations, at least one RNP navigation system is
required.

Note.- From the operational point of view, the operator must develop contingency procedures in case of loss of the RNP APCH
capability during approach.

Performance control and alert.- During operations in the initial, intermediate, and missed approach
segments of an RNP APCH procedure, the RNP system or the RNP in combination with the pilot,
shall provide an alert if the precision requirement is not met or if the probability of the lateral TSE
exceeding 2 NM is greater than 10®°. During operations in the final approach segment, the RNP
system or the RNP system in combination with the pilot shall provide an alert if the precision
requirement is not met or if the probability of the lateral TSE exceeding 0.6 NM is greater than 10°°.

Signal-in-space.- During operations in the initial, intermediate, and missed approach segments of
an RNP APCH procedure, the aircraft navigation equipment will provide an alert if the probability of
error of the signal-in-space results in a lateral position error greater than 2 NM exceeding 10" per
hour (Table 3.7.2.4-1 of Annex 10 to the Convention). During operations in the final approach
segment, the aircraft navigation equipment will provide an alert if the probability of error of the signal-
in-space results in a navigation system error greater than 0.6 NM exceeding 10 per hour (Table
3.7.2.4-1 of Annex 10 to the Convention).

Note.- Compliance with the performance control and alert requirement does not imply automatic control of FTE. The on board
performance control and alert function must consist of at least one navigation system error (NSE) control and alert algorithm,
and a lateral deviation display allowing the flight crew to control the FTE. To the extent operational procedures are used to
control the FTE, crew procedures, equipment and facility characteristics, these are assessed by their effectiveness and
equivalence, as described in the functional requirements and operational procedures. The path definition error (PDE) is
considered to be insignificant due to the quality assurance process and flight crew procedures.

Path definition.- Aircraft performance is assessed around the path defined by the published
procedure and by document RTCA/DO-236B Sections 3.2.5.4.1 and 3.2.5.4.2

Navigation display functionality requirements.- The following navigation displays and functions
are required, according to FAA AC 20-130 and AC 20-138 or equivalent advisory material.
Navigation data, including a to/from indication and a failure indicator must appear in a lateral deviation
display (course deviation indicator (CDI), enhanced horizontal situation indicator (EHSI)) and/or a
navigation map display. These displays must be used as primary flight instruments for aircraft
navigation, anticipation of a manoeuvre, and failure/condition/integration indication. The
aforementioned non-numerical lateral deviation displays must have the following attributes:

1) displays must be visible to the pilot and must be located in the primary field of view of the pilot
when looking ahead along the flight path.

2) the scale of the lateral deviation display must be consistent with any alert and annunciation
limit.
3) the lateral deviation alert must have an adequate FSD for the current flight phase and must

be based on the TSE requirement. Scales of £ 1 NM for the initial, intermediate, and missed
approach segments, and of £ 0.3 NM for the final segment are acceptable.
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the scale of the display may be automatically established by logical default, or established at
a value obtained from a navigation database. The FSD value must be known or must be
available for display to the pilot, in a proportional ratio to approach values.

as an alternate means, a navigation map display must provide a functionality equivalent to a
lateral deviation display with the appropriate map scales (scales can be established manually
by the pilot) and provide a functionality equivalent to a lateral deviation display. In order for it
to be approved, the navigation map display must show compliance with TSE requirements
and be located in the primary field of view of the pilot.

the lateral deviation display must be automatically enslaved to the calculated RNP path. It is
advisable that the lateral deviation display course selector be automatically enslaved to the
calculated RNP path.

Note.- This does not apply to facilities where an electronic map display contains a graphical display of the flight path
and of path deviation.

enhanced navigation displays (e.g., electronic map displays or enhanced HSI) to increase
situational awareness, control navigation and verify the approach (flight plan verification)
could become mandatory if the RNP facility does not provide the information display
necessary for the crew to perform these tasks.

System capabilities.- The following system capabilities are required as a minimum:

1)

2)

3)
4)

5)

6)

7

the capacity to continuously show the pilot flying the aircraft (PF) the desired/calculated RNP
path and the position of the aircraft relative to the path, on the primary flight instruments for
aircraft navigation (primary navigation display). For operations where the minimum flight crew
required is two pilots, a means must be available for the pilot not flying the aircraft (PNF) (pilot
monitoring the aircraft (PM)) to check the desired path and the position of the aircraft relative
to the path.

a navigation database containing current navigation data officially published by the CAA,
which can be updated in keeping with the aeronautical information regulation and control
cycle (AIRAC) and from/into which approach procedures can be retrieved and entered in the
RNP system. The stored database resolution must be sufficient to achieve the required track-
keeping precision. The database must not allow modifications to the stored data by the pilot.

the means to show the pilot the validity period of navigation data.

the means to retrieve and display information stored in the navigation database regarding
individual waypoints and NAVAIDs, in order to permit the pilot to verify the route to be flown.

the capacity to load, from the database to the RNP system, the complete approach to be
flown. The approach must be loaded by its name from the database to the RNP system.

the means to display the following items, either in the primary field of view of the pilot or on a
readily accessible display page:

(&) The identification of the active (to) WPT,;

(b) the distance and course to the active (to) WPT; and

(c) the ground speed or time to the active (to) WPT.

the means to display the following items on a readily accessible display page:
(@ the distance between the WPTs of the operational flight plan;

(b) the distance to be flown;

(c) the distances along the track; and
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(d) the type of active navigation sensor, if there is another type of sensor in addition to the
GNSS sensor.

8) the capacity to execute the “direct to” function.
9) the capacity to provide an automatic order of segments for display to the pilots.

10) the capacity to execute RNP instrument approach procedures (IAP) extracted from the aircraft
database, including the capability of executing flyover and fly-by turns.

11) the capacity to automatically execute segment transitions and maintaining consistent tracks
with the following ARINC 424 path terminators or their equivalent:

(@) Initial fix (IF)
(b) track to fix (TF)
(c) direct to fix (DF)

Note.- Path terminators are defined in ARINC Specification 424 and their application is described in more detail in
RTCA documents DO-236B and DO-201A.

Note.- Numerical values for tracks must be automatically entered from the RNP system database.

12) the capacity to show an indication of RNP failure, including the associated sensors, in the
primary field of view of the pilot.

13) the capacity to advise the flight crew if the NSE alert limit (alert provided by the on board
performance control and alert function) has been exceeded.

Flight director/autopilot.- It is recommended that the flight director (FD) and/or autopilot (AP) be
kept coupled for RNP approaches. FD or AP coupling is mandatory when lateral TSE cannot be
shown without these systems. In this case, operational procedures must indicate that FD and/or AP
coupling from the RNP system is mandatory for RNP APCH procedures.

Database integrity.- Navigation database providers must comply with RTCA DO-200A. A letter of
acceptance (LOA) issued by the appropriate regulatory authority to each one of the participants in the
data chain demonstrates compliance with this requirement. Positive compliance with this requirement
will be considered for those LOAs Type 2 issued prior to the publication of this AC.

System eligibility and approval of RNP APCH operations

Introduction.- The original equipment manufacturer (OEM) or holder of the aircraft installation
approval (e.g., the holder of the supplementary type certificate (STC)), must show the CAA that it
complies with the appropriate provisions of this AC. The approval can be recorded in the
documentation of the manufacturer (e.g., service letters (SL), etc.). No entries in the AFM are
required provided the CAA accepts manufacturer documentation.

Eligibility for RNP instrument approach operations.- Systems that meet the requirements of
paragraph 9.2 of this AC are eligible for RNP instrument approach operations. The aircraft qualified
in keeping with SRVSOP AC 91-009 or equivalent, e.g., FAA AC 90-101 or EASA AMC 20-26 are
considered qualified for RNP APCH operations without any additional trials.

System eligibility for RNP approach operations
1) Qualification of the line of LNAV minima

(&8 Autonomous systems.- Autonomous systems that comply with TSO-C129/ETSO-
C129 Class Al or TSO-C1l46/ETSO-C146 Classes 1, 2, or 3 meet the aircraft
gualification requirements for RNP instrument approach operations using a line of
LNAV minima, provided the facilities for instrument flight rules (IFR) were established in
keeping with AC 20-138. RNP systems must be approved based on AC 20-138 or
equivalent.
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Multi-sensor systems.-

(1)

(2)

Multi-sensor systems that use TSO-C129/ETSO-C129 sensors Classes B1, B3,
C1, or C3 meet the qualification requirements for RNP APCH operations using a
line of LNAV minima, provided:

) the facilities meet the criteria of this AC; and

. the associated flight management system (FMS) complies with TSO-
C115b/ETSO-C115b and is installed in keeping with FAA AC 20-130.

Multi-sensor systems that use TSO-C145/ETSO-C145 sensors Classes 1, 2, or 3
meet the aircraft qualification requirements for RNP instrument approach
operations with a line of LNAV minima, provided:

) the facilities meet the criteria of this AC; and
. are installed in keeping with FAA AC 20-138.

2) Qualification of the line of LNAV/VNAV minima

(@)

(b)

Autonomous systems

1)

(2)

3)

TSO-C146/ETSO-C146 autonomous systems Classes 2 or 3 meet the aircraft
gualification requirements for RNP APCH operations that use a line of
LNAV/VNAV minima, provided the facilities meet at least the performance or
functional requirements of this AC or equivalent.

The systems that meet TSO-C129/ETSO-C129 can be used for RNP APCH
operations using a line of LNAV/VNAV minima if they meet the criteria of this AC
and AC 91-010 or equivalent.

RNP systems must be approved in keeping with FAA AC 20-138 or equivalent,
and systems using conventional baro-VNAV must provide a vertical navigation
system performance that meets or exceeds the criteria of AC 91-010 or
equivalent.

Multi-sensor systems.-

1)

)

3)

Multi-sensor systems that use TSO-C129/ETSO-C129 sensors Classes B1, B3,
C1, or C3 or TSO-C145/ETS0O-C145 sensors Classes 1, 2, or 3 meet the aircraft
qualification requirements for RNP instrument flight operations using a line of
LNAV/VNAV minima, provided the facilities meet the requirements of this AC and
AC 91-010 or equivalent.

RNP systems that use conventional baro-VNAV must provide a vertical
navigation performance that meets or exceeds the criteria of AC 91-010 or
equivalent.

RNP systems must be installed in keeping with FAA AC 20-138 or equivalent
and/or the associated FMS must comply with TSO-C115/ETSO-C115 and must
be installed in keeping with AC 20-130 or equivalent.

Aircraft modification.-

If any system required for RNP APCH operations is modified (e.g., changes in the software or
hardware), the aircraft modification must be approved.

The operator must obtain a new operational approval that is supported by updated aircraft operational

and qualification documentation.

OPERATIONAL APPROVAL
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The airworthiness approval, by itself, does not authorise the operator to conduct RNP APCH

operations. In addition to the airworthiness approval, the operator must obtain an operational approval
confirming that the installation of the specific equipment is consistent with normal and contingency
procedures.

10.1

Operational approval requirements.-

To obtain the RNP APCH authorisation, the operator will take the following steps, taking into account the
criteria established in this paragraph and in paragraphs 10.2 to 10.10 of this AC.

a)

b)

c)

d)

e)

Airworthiness approval.- aircraft shall have the corresponding airworthiness approvals as established
in paragraph 9 of this AC.

Application.- The operator will submit the following documentation to the CAA:
1) the RNP APCH operational approval application;

2) aircraft qualification documentation.- Documentation showing that the equipment of the
proposed aircraft meets the requirements of this AC, as described in paragraphs 9 and 10.3.

3) Type of aircraft and description of the aircraft equipment to be used.- The operator will provide
a configuration list describing in detail the relevant components and the equipment to be used in
the operation. The list shall include each manufacturer, model and version of the GPS
equipment and the FMS software installed.

4)  Operational procedures and practices.- Operator manuals shall properly indicate the navigation
operating practices and procedures identified in paragraphs 10.4, 10.6, and 10.7 of this AC.
LAR 91 operators shall confirm that they will operate using identified practices and procedures.

5) Navigation data validation programme.- Details of the navigation data validation programme
are provided in Appendix 1 to this AC.

6) Training programmes for the flight crew and flight dispatchers.- According to paragraph 10.8 of
this AC, operators must send their training syllabi and any other appropriate teaching material
showing that operations have been included in their programmes. Training programmes must
properly refer to the (navigation) operating practices and procedures identified in paragraphs
10.6 and 10.7 of this AC.

7)  Operations manual (OM) and checklists.- Operators will submit the operations manuals and
checklists containing information and guidance on RNP APCH operations.

8) Maintenance procedures.- The operator will submit the maintenance procedures containing
airworthiness and maintenance instructions for the systems and equipment to be used in the
operation and the required training syllabi for maintenance personnel. The operator will provide
a procedure to remove and restore RNP APCH operational capability in the aircraft.

9)  Minimum equipment list (MEL).- The operator will submit any revision to the MEL needed to
conduct operations.

Training.- Once the amendments to manuals, programmes and documents submitted have been
accepted or approved, the operator will provide the necessary training to its personnel.

Validation flights.- The CAA may conduct validation flights if it deems it necessary for safety
purposes. Validation flights will be conducted according to Chapter 13, Volume I, Part Il of the
SRVSOP Operation Inspector Manual (MIO).

Issuance of the authorisation to conduct RNP APCH operations.- Once the operator has successfully
completed the operational approval process, the CAA will issue, as appropriate, the authorisation to
the operator to conduct RNP APCH operations.
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1) LAR 91 operators.- The CAA will not issue a letter of authorisation (LOA) for LAR 91 operators
when aircraft eligibility is based on the AFM, the AFM supplement, the type certificate data
sheet (TCDS), or POH.

2) LAR 121 and/or 135 operators.- For LAR 121 and/or LAR 135 operators, the CAA will issue the
corresponding operational specifications (OpSpecs) reflecting the RNP APCH authorisation.

Description of the aircraft equipment.-

The operator must establish and have available a configuration list detailing the components and
equipment to be used for RNP APCH operations.

The list of required equipment shall be established during the operational approval process, taking
into account the AFM. This list shall be used for updating the MEL for each type of aircraft that the
operator intends to operate.

The details of the equipment and its use in keeping with the approach characteristics appear in this
AC and in AC 91-010.

Aircraft qualification documentation.-

For aircraft currently conducting (GPS) RNAV or GPS approaches according to FAA AC 90-94 or
equivalent.- No documentation is required for aircraft that have an AFM or AFM supplement that
indicates that the aircraft is approved for flying (GPS) RNAV or GPS approaches, up to a line of
LNAV minima.

For aircraft not approved for flying (GPS) RNAV or GPS instrument approach procedures.- Operators
will submit to the CAA the RNP qualification documentation showing compliance with this AC,
provided the equipment is properly installed and operated.

Note.- Before requesting an RNP APCH authorisation, operators shall review all equipment performance requirements.
Equipment installation by itself does not ensure operational approval nor authorises its operational use.

RNP APCH operational documentation.-

The operator will develop RNP APCH operational documentation for using the equipment, based on
the aircraft or avionics manufacturer documentation.

The operational documentation of the aircraft or avionics manufacturer will consist of recommended
operating procedures and suggestions on training programmes for the flight crew, in order to help
operators meet the requirements of this AC.

Acceptance of the documentation

New aircraft/equipment (aircraft/equipment in the process of being manufactured or recently
manufactured).- The aircraft/equipment qualification documentation may be approved as part of the
aircraft certification project and be reflected in the AFM and related documents.

aircraft/equipment in service (capacity achieved in service).- Prior approvals issued for
conducting (GPS) RNAV or GPS instrument approaches according to AC 90-94 or equivalent do not
require additional evaluations. For facilities/equipment not eligible to conduct (GPS) RNAV or GPS
instrument approaches, the operator will submit aircraft or avionics qualification documentation to the
CAA.

The relevant CAA organisation will review the RNP APCH application package. Acceptance will be
documented by means of a letter to the operator.
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Operational procedures

Pre-flight planning.-

1)

2)

3)

4)

5)

6)

7

8)

9)

10)

Operators and pilots planning to conduct RNP APCH operations must insert the appropriate
codes in the flight plan.

When initiating the system, pilots must make sure that the navigation database is valid and that
it includes the appropriate procedures. Likewise, pilots must verify that the aircraft position is
correct.

Note.- Navigation databases are expected to be valid during the flight. If the AIRAC cycle is subject to changes during
the flight, the operators and pilots shall establish procedures to ensure the precision of navigation data, including the
capacity of navigation facilities to define routes and flight procedures. Traditionally, this has been done by comparing
electronic data with printed documents. An acceptable method is to compare aeronautical charts (new and old) in order
to verify navigation fixes before dispatch. If an amended letter for the procedure is published, the database must not be
used for conducting the operation.

Pilots must check the proper insertion of the assigned ATC route once they have received the
initial authorisation and following any subsequent changes along the route. Likewise, pilots
must make sure that the sequence of fixes shown on the navigation system coincides with the
assigned route and with the route shown on the appropriate charts.

Note.- Pilots may note a slight difference between the navigation information contained in the chart and the course

shown on the primary navigation display. A difference of 3 degrees or less may be due to a magnetic variation applied
by the equipment manufacturer and may be operationally acceptable.

Note.- Manual selection of functions that limit the aircraft bank angle may reduce its ability to maintain the desired track
and is not advisable.

The aircraft RNP capacity depends on the aircraft operational equipment. The flight crew must
be capable of assessing the effect of an equipment failure on the foreseen RNP APCH
operation and take appropriate action. When a flight dispatch is based on flying an RNP APCH
procedure that requires the use of AP or FD at the destination or alternate aerodrome, the
operator must verify that the AP and/or FD are installed and operational.

Flight crews must make sure that the approaches to be used in a foreseen operation can be
selected from a valid navigation database (valid AIRAC cycle), that they have been verified
through an appropriate process (havigation database integrity process), and that their use has
not been prohibited by a NOTAM or operational provision of the company.

Pilots must make sure that there are enough means to fly and land at the destination or
alternate aerodrome in case of loss of RNP APCH capability.

Operators and flight crews must take into account any NOTAM or operational provision of the
company that might adversely affect aircraft system operation or the availability or adequacy of
the procedures at the destination or alternate aerodromes.

For missed approach procedures based on conventional NAVAIDs (VOR, NDB), pilots must
check that the aircraft equipment required for such procedures is installed and operational.
Likewise, they must check that ground NAVAIDs are operational.

The availability of the navigation infrastructure required for the selected routes and for RNP
APCH operations (including any non-RNP contingency) must be confirmed for the time period of
the selected operation, using all available information. Since GPS integrity (e.g., the signal of
the receiver autonomous integrity monitoring (RAIM) or of the satellite-based augmentation
system (SBAS)) is required, the availability of such signals must be verified, as appropriate.

RAIM prediction must be done prior to departure.

(&) The prediction capability must take into account known and foreseen spaces without
GPS satellite coverage, or other effects on navigation system sensors. The prediction
programme should not use a masking angle of less than 5 degrees, since operational
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experience shows that satellite signals are not reliable at low elevations. RAIM
availability prediction should take into account the latest notices to airmen (NOTAMS)
from the GPS constellation and use an algorithm identical to the one used in the aircraft
equipment, or an algorithm based on RAIM prediction assumptions providing a more
conservative result. RAIM availability may be confirmed using a model-specific RAIM
prediction, e.g., using the FAA RAIM prediction website: www.raimprediction.net, or
contacting a flight service station.

(b)  The available RAIM prediction software does not guarantee the service. The software
is a tool for assessing the foreseen capacity to achieve the required navigation
performance. Due to unexpected failures in some GPS elements, pilots must
understand that RAIM or GPS navigation can fail in flight, and this might require
reversal to an alternate means of navigation. Therefore, pilots must assess their ability
to fly to an alternate aerodrome in case GPS navigation fails.

(c) In the event of continuous and predictable loss of RAIM for more than 5 minutes
anywhere during the RNP APCH operation, the flight should be delayed, cancelled, or
assigned another route in which RAIM requirements can be met.

For aircraft using SBAS receivers (all TSO-C145/C146/ ETSO-C145/C146 systems), operators
shall take into account the latest NOTAMs from the GPS and SBAS constellation. If the
NOTAMs indicate that the SBAS signal is not available for the proposed flight route, the
operators should check the proper availability of the RAIM GPS.

b) Before starting the procedure.-

1)

2)

3)

4)

5)

6)

Before starting the approach (prior to the initial approach fix (IAF)), in addition to normal
procedures, the flight crew must check that the correct procedure has been loaded, by
comparing said procedure with approach charts. This verification must include:

(& the sequence of fixes;

(b) the integrity of tracks and distances of the approach segments, the precision of the
course of entry, and the length of the final approach segment.

Note.- As a minimum, this verification could be a simple inspection of a map display that permits the
achievement of the objectives of this paragraph.

The flight crew must also verify which are the fly-by and flyover waypoints, based on a
published chart, a map display, or a control display unit (CDU).

For multi-sensor systems, the flight crew must verify, during the approach, that the GNSS
sensor is used for estimating the position.

For an RNP system with an aircraft-based augmentation system (ABAS) that requires corrected
barometric altitude, the valid aerodrome barometric altimeter must be set at the right time and
location, according to flight operation performance.

When the operation is based on ABAS availability, the flight crew must check RAIM availability
again if the estimated time of arrival (ETA) is more than 15 minutes different from the ETA used
for flight planning. Likewise, this verification is automatically processed 2 NM before the FAF for
a TSO-C129a/ ETSO-C129a Class Al receiver.

In the terminal area, ATC tactical interventions may include radar headings, clearance to go
“direct to”, which can avoid the initial approach segments, the intersect of an initial or
intermediate approach segment, or the insertion of waypoints extracted from the navigation
database. When following ATC instructions, the flight crew must be aware of RNP system
limitations.

(@  Flight crews are not allowed to manually enter coordinates in the RNP system for
operations within the terminal area.
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(b) “Direct to” clearances may be accepted up to the intermediate fix (IF), provided the
change in the track at the IF does not exceed 45°.

Note.- A “direct to” clearance to the FAF is not acceptable.

7)  The lateral definition of the flight path between the FAF and the missed approach point (MAPY)
under no circumstance must it be revised by the flight crew.

C) During the procedure.-

1) Pilots must follow the instructions or procedures identified by the operator, as necessary, to
meet the performance requirements of this AC.

2) Before starting the descent, the aircraft must be established in the final approach course no
further than the final approach fix (FAF) to ensure obstacle and terrain clearance.

3) Pilots must verify that the navigation system is in approach mode within 2 NM prior to the FAF.

Note.- This verification does not apply to certain RNP systems (e.g., for aircraft that have been approved with a
demonstrated RNP capacity). For such systems, other means are available, including electronic map display, flight
guidance mode indications, etc., that clearly indicate the flight crew that the approach mode is activated.

4)  The appropriate displays must be selected in such a way that the following information can be
monitored by the flight crew:

(@ the calculated desired RNP track (DTK) and

(b) the position of the aircraft relative to cross-track deviation (XTK) from the path for the
flight technical error (FTE).

5)  An RNP APCH procedure must be discontinued:
(a) if the navigation display is announcing a failure: or
(b) in case of loss of the integrity alert function; or

(c) ifthere is an annunciation that the integrity alert function is not available after crossing the
FAF; or

(d) ifthe FTE is excessive.

6) A missed approach must be flown according to the published procedure. Use of an RNP
system during the missed approach is acceptable, provided:

(@ the RNP system is operational (e.g., there is no loss of function, NSE alert, and failure
indication).

(b) the complete procedure (including the missed approach) is loaded from the navigation
database.

7)  During an RNP APCH procedure, pilots must use a lateral deviation indicator, FD and/or AP in
the lateral navigation mode. Pilots of aircraft with lateral deviation indicator (e.g., CDI) must
make sure that the scale of the lateral deviation indicator (maximum deflection) is consistent
with the navigation precision associated with the different procedure segments (e.g., + 1.0 NM
for the initial, intermediate, and missed approach segments, and + 0.3 NM for the final approach
segment).

8) Pilots are expected to maintain the procedure line during the RNP APCH procedure, as
represented by the aircraft and/or flight guidance lateral deviation indicators, unless the ATC
authorises a deviation or in emergency conditions.
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9) For normal operations, the cross-track error/deviation (the difference between the calculated
RNP system path and the position of the aircraft relative to the path) must be limited to + % the
navigation precision associated to the procedure (e.g., 0.5 NM for the initial and intermediate
segments, 0.15 NM for the final approach segment, and 0.5 NM for the missed approach
segment). Short deviations from this requirement are allowed (e.g., overshooting and
undershooting) during and immediately after the turn, up to a maximum of one time the
navigation precision (e.g., 1.0 NM for the initial and intermediate segments).

10) When using baro-VNAV for vertical path guidance during the final approach segment,
deviations above or below the vertical path must not exceed + 100/-50 ft respectively.

11) The flight crew must start a missed approach if lateral or vertical deviations exceed the criterion
of the previous paragraph, unless the required visual conditions exist between the aircraft and
the foreseen landing runway to continue the approach.

12) For aircraft requiring two pilots, the flight crew must check that each pilot altimeter has the valid
setting before starting the final approach of an RNP APCH procedure. The flight crew must also
take note of any operational limitation associated with altimeter setting sources and latency in
order to verify and set the altimeters when approaching the FAF.

13) Although the scale should change automatically, the pilots of an aircraft with lateral deviation
indicator (e.g., CDI) must make sure that the scale of the lateral deviation indicator (maximum
deflection) is consistent with the different segments of the procedure (e.g., £ 1.0 NM for the
initial, intermediate, and missed approach segments, and + 0.3 NM for the final approach
segment).

14) RNP APCH procedures require monitoring of lateral track deviations by the flight crew, and, if
installed, monitoring of vertical track deviations in the pilot primary flight displays (PFD) to
ensure that the aircraft stays within the defined boundaries of the procedure.

Contingency procedures
pilots must report any loss of RNP APCH capability and the proposed course of action to the ATC.

if the pilots cannot meet the requirements of an RNP APCH procedure, they must notify the air traffic
service (ATS) as soon as possible.

the loss of RNP APCH capacity includes any failure or event that results in the aircraft not being able
to meet the requirements of the RNP APCH procedure.

operators must develop contingency procedures to react safely to a loss of RNP APCH capacity
during the approach.

in case of communication failure, the flight crew must continue with the RNP APCH procedure
according to the published procedures for loss of communication.

the operator contingency procedures must refer to at least the following conditions:

1) Failure of RNP system components, including those affecting the lateral or vertical deviation
performances (e.g., failure of a GPS, FD, or AP sensor); and

2) Loss of the signal-in-space (loss or degradation of the outer signal).

the pilot must ensure the capacity to navigate and land at an alternate aerodrome in the event of loss
of RNP APCH capacity.

Training programme

The training programme must provide sufficient training (e.g., training in flight simulators, flight training
devices, or on the aircraft) on aircraft RNP systems. The training programme will cover at least the
following aspects:
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information about this AC.
the meaning and proper use of RNP systems.
the characteristics of the procedures, as defined in chart displays and their written description.

representation of WPT types (fly-by and flyover waypoints), required path terminators (IF, TF,
and DF), and any other type used by the operator, as well as associated aircraft flight paths.

navigation equipment required to conduct an RNP APCH operation (at least, a GNSS-based
RNP system).

specific information on RNP systems:

(@ automation levels, annunciation modes, changes, alerts, interactions, reversals, and
degradation;

(b) functional integration with other aircraft systems;

(c) the meaning of route discontinuities, as well as related flight crew procedures;
(d)  monitoring procedures for each flight phase;

(e) types of navigation sensors used by the RNP and associated systems;

® turn anticipation, taking into account the effect of speed and altitude; and

(g) interpretation of electronic displays and symbols.

the operating procedures for RNP equipment, where applicable, including how to conduct the
following actions:

(@ checking the validity of the aircraft database;

(b)  checking the successful completion of RNP system verification;

(c) initialising the position of the RNP system;

(d) retrieving and executing an RNP APCH procedure;

(e) compliance with speed and/or altitude limitations associated to an approach procedure;

® intercepting an initial or intermediate segment of an approach, following an air traffic
control (ATC) notification;

(g) verification of WPTs and programming of the operational flight plan;
(h) direct flight to a WPT,;

0) determining cross-track error/deviation;

()] entering and deleting a route discontinuity;

(k)  verifying the gross navigation error using conventional NAVAIDs; and
(N changing the destination and alternate aerodromes.

the automation levels recommended for the flight phase and workload, including methods to
minimise cross-track error to maintain the procedure line.

radio communication phraseology for RNP applications.

ability to execute contingency procedures following RNP system failures.
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Navigation Database
The operator must obtain the navigation databases from a qualified provider.

Navigation data providers must have a letter of acceptance (LOA) in order to process the
navigation information (e.g., FAA AC 20-153 or document on the conditions for the issuance of
letters of acceptance for navigation data providers by the European Aviation Safety Agency —
EASA (EASA IR 21 Sub-part G) or equivalent documents). An LOA recognises the data of a
provider as those in which the quality, integrity, and quality management practices are consistent
with the criteria of document DO-200A/ED-76. An operator provider (e.g., an FMS company) must
have an LOA Type 2 and its respective providers must have an LOA Type 1 or 2.

The operator must report to the navigation data provider any discrepancy that invalidates a
procedure, and disallow the use of the affected procedures by means of a notice to flight crews.

Operators should consider the need to conduct periodic verifications of navigation databases to
ensure continued compliance with the existing requirements of the quality system or safety
management system.

Follow-up of navigation error reports

The operator will establish a process to receive, analyse, and do the follow-up of navigation error
reports that will help determine the appropriate corrective action.

Repetitive occurrences of navigation errors attributed to a specific part of the navigation equipment
may result in the cancellation of the approval for using the equipment.

Information showing the potential for repetitive errors may require the modification of the training
programme of the operator.

Information attributing multiple errors to a given pilot may require that additional training be given to
the pilot or a revision of the license of the pilot.



SAM/IG/3

WP/17
A-22
APPENDIX 1
NAVIGATION DATA VALIDATION PROGRAMME
1. INTRODUCTION

The procedure stored in the navigation database defines the aircraft lateral and vertical guidance. The
navigation database is updated every 28 days. The navigation data used in each update are critical for
the integrity of each RNP APCH procedure. Bearing in mind the reduced obstacle clearance associated
to these approaches, the validation of navigation data requires special consideration. This appendix
provides guidance on the procedures to be followed by the operator to validate navigation data
associated with RNP APCH procedures.

2. DATA PROCESSING
a) In its procedures, the operator will identify the person responsible for the navigation data updating
process.

b) The operator must document a process for accepting, verifying, and loading navigation data into
the aircraft.

C) The operator must place its process of documented data under configuration control.
3. INITIAL VALIDATION OF DATA

The operator must validate each RNP APCH procedure before flying the procedure under instrument
flight meteorological conditions (IMC) to ensure compatibility with the aircraft and that the resulting paths
correspond to the published procedure. As a minimum, the operator must:

a) compare the navigation data of the procedure to be loaded on the FMS with a published procedure.

b) validate the navigation data of the loaded procedure, either in the flight simulator or in the aircraft
under visual flight meteorological conditions (VMC). The procedure outlined in a map display must
be compared to the published procedure. The complete procedure must be flown to make sure
that the path can be used, that it has no apparent lateral or vertical path disconnections, and is
consistent with the published procedure.

C) once the procedure is validated, a copy of the validated navigation data must be kept and
maintained to be compared with subsequent data updates.

4, DATA UPDATING

Whenever the operator receives a navigation data update and before using such data on the aircraft, the
update must be compared with the validated procedure. This comparison must identify and resolve any
discrepancy in the navigation data. If there are any significant changes (changes affecting the approach
path or performance) to any part of the procedure, or if such changes are verified through initial
information data, the operator must validate the amended procedure based on the initial validation of the
data.

5. NAVIGATION DATA PROVIDERS

Navigation data providers must have a letter of acceptance (LOA) to process these data (e.g., FAA AC
20-153 or document on the conditions for the issuance of letters of acceptance for navigation data
providers by the European Aviation Safety Agency — EASA (EASA IR 21 Sub-part G) or equivalent
document). An LOA recognises the data of a provider as those in which the quality, integrity, and quality
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management practices are consistent with the criteria of document DO-200A/ED-76. The operator
provider (e.g., an FMS company) must have an LOA Type 2 and its respective providers must have an
LOA Type 1 or 2.

6. AIRCRAFT MODIFICATIONS

If an aircraft system required for RNP APCH operations is modified (e.g., a change in the software), the
operator is responsible for validating the RNP APCH procedures with the navigation database and the
modified system. This can be done without direct assessment if the manufacturer verifies that the
modification has no effect on the navigation database or on path calculation. If this verification is not
done by the manufacturer, the operator must carry out an initial validation of the navigation data with the
modified system.
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APPENDIX 2
RNP APCH APPROVAL PROCESS
a) The RNP APCH approval process consists of two types of approvals: the airworthiness and the

b)

c)

d)

e)

)}

h)

operational approval. Although the two have different requirements, they must be considered within
a single process.

This process constitutes an orderly method used by the CAAs to ensure that applicants meet the
established requirements.

The approval process consists of the following phases:

1) Phase one: Pre-application

2) Phase two: Formal application

3) Phase three: Review of the documentation
4)  Phase four: Inspection and demonstration
5) Phase five: Approval

In Phase one - Pre-application, the CAA meets with the applicant or operator (pre-application
meeting), who is advised of all the requirements it must meet during the approval process.

In Phase two - Formal application, the applicant or operator submits the formal application,
accompanied by all the relevant documentation, as established in paragraph 10.1 of this AC.

In Phase three - Review of documentation, the CAA evaluates the documentation and the
navigation system to determine their eligibility and the approval method to be applied with respect
to the aircraft. As a result of this review and evaluation, the CAA may accept or reject the formal
application together with the documentation.

In Phase four - Inspection and demonstration, the operator will train its personnel and conduct
validation flights, if required.

In Phase five - Approval, the CAA issues the RNP APCH authorisation once the operator has met
the airworthiness and operational requirements. For LAR 121 and 135 operators, the CAA will
issue the OpSpecs, and for LAR 91 operators, it will issue an LOA, when the approval is not based
on the AFM or AFM supplement.
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ADVISORY CIRCULAR

AC . 91-009
DATE 12/02/09
REVISION Original
ISSUED BY SRVSOP

SUBJECT: APPROVAL OF AIRCRAFT AND OPERATORS FOR RNP APPROACH
OPERATIONS REQUIRING AUTHORIZATION (RNP AR APCH)

1. PURPOSE
This advisory circular (AC) provides acceptable means of compliance (AMC) for the approval of aircraft and

operators applying for RNP approach operations requiring authorization (RNP AR APCH).

An operator may use other means of compliance, provided they are acceptable for the civil aviation
administration (CAA).

Use of the future tense of the verb or use of the term “must” applies to an applicant or operator that chooses
to meet the criteria established in this AC.

2. RELATED SECTIONS OF THE LATIN AMERICAN AERONAUTICAL REGULATIONS
(LARS) OR EQUIVALENT

LAR 91: Section 91.880 (b) or equivalent
LAR 121: Section 121.995 (b) or equivalent
LAR 135: Section 135.565 (c) or equivalent

3. RELATED DOCUMENTS

Annex 6
Annex 10

Doc 9613 (final draft)
Doc 9905 (final draft)

Doc 8168

AMC 20-6

FAA AC 90-101
IFFP/2 WP/5

Aircraft Operations

Aeronautical Telecommunications

Volume I: Radio Navigation Aids
Performance-based Navigation Manual (PBN)

Required Navigation Performance Authorization Required (RNP AR) Procedure
Design Manual

Aircraft Operations
Volume I: Flight Procedures
Volume II; Construction of Visual and Instrument Flight Procedures

Airworthiness Approval and Operational Criteria for RNP Authorization Required
(RNPAR) Operations

Approval Guidance for RNP Procedures with SAAAR

Instrument flight procedure panel (IFPP) — PBN working group meeting - Working
paper 5: Flight operational safety assessment (FOSA) prepared by Dave
Nakamura.
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DEFINITIONS AND ABBREVIATIONS
Definitions

Authorization required (AR).- Specific authorization required by the CAA for an operator to be able
to conduct RNP approach operations that need mandatory authorization (RNP AR APCH).

Primary field of view.- For purposes of this AC, the primary field of view is within 15 degrees of the
primary line of sight of the pilot.

Navigation specifications.- Set of aircraft and flight crew requirements to support performance-
based navigation operations within a defined airspace. There are two classes of navigation
specifications: RNAV and RNP. The RNAV specification does not include on-board performance
control and alert requirements. The RNP specification includes on-board performance control and
alert requirements.

Estimated position uncertainty (EPU).- A measure in nautical miles (NM) based on a defined scale
that indicates the estimated performance of the current position of the aircraft, also known as
navigation performance (ANP) or estimated position error (EPE) in some aircraft. The EPU is not an
estimate of the actual error, but a defined statistical indication.

Performance-based navigation (PBN).- Performance-based area navigation requirements
applicable to aircraft conducting operations on an ATS route, in an instrument approach procedure, or
a designated airspace.

Performance requirements are expressed in the navigation specifications (RNAV and RNP
specifications) in terms of the precision, integrity, continuity, availability, and functionality required for
the intended operation within the context of a particular airspace concept.

Area navigation (RNAV).- Navigation method that permits aircraft operations in any desired flight
path within the coverage of ground-based or space-based navigation aids, or within the capability
limits of autonomous aids, or through a combination of the two.

Area navigation includes performance-based navigation as well as other operations not contemplated
in the performance-based navigation definition.

Barometric vertical navigation (baro-VNAV).- A function of some RNAV systems that displays an

estimated vertical guide to the pilot, referred to as a specific vertical path. The estimated vertical guide is
based on barometric altitude information and is commonly estimated as a geometric path between two
waypoints or as an angle based on a single waypoint.

)
h)

k)

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

Required navigation performance (RNP).- Statement of the navigation performance required to
operate in a defined airspace.

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 are identified as either:

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

Flyover way-point.- A way-point at which a turn is initiated in order to join the next segment of a route
or procedure.

Initial approach fix (IAF).- Fix that marks the beginning of the initial segment and the end of the

arrival segment, if applicable. In RNAV application, this fix is normally defined as a “fly-by fix".

)

Flight management system (FMS).- Integrated system made up by an on-board sensor, a receiver,
and a computer with navigation and aircraft performance databases, capable of providing
performance values and RNAV guidance to a display and automatic flight control system.
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Global positioning system (GPS).- The U.S. global navigation satellite system (GNSS) is a
satellite-based radio navigation system that uses precise distance measurements to determine the
position, speed and time anywhere in the world. The GPS is made up by the spatial, control and user
elements. The spatial element is made up by at least 24 satellites in 6 orbiting 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 information.

Global navigation satellite system (GNSS).- Generic term used by ICAO to define any global
positioning and timing system made up by one or more main satellite constellations, such as the GPS
and the global navigation satellite system (GLONASS), aircraft receivers, and several integrity
surveillance systems, including aircraft-based augmentation systems (ABAS), satellite-based
augmentation systems (SBAS), such as the wide-area augmentation system (WAAS) and ground-
based augmentation systems (GBAS), such as the local-area augmentation system (LAAS).

Distance information will be provided, at least in the immediate future, by GPS and GLONASS.
RNP system.- Area navigation system that provides on-board performance control and alert.

RNP value.- The RNP value designates the lateral performance requirement associated with a
procedure. Examples of RNP values are: RNP 0.3 and RNP 0.15.

Receiver autonomous integrity monitoring (RAIM).- Technique used in a GPS receiver/processor
to determine the integrity of its navigation signals, using only GPS signals or enhanced GPS signals
with barometric altitude data. This determination is achieved by a consistency check between
redundant pseudo-range measurements. At least one satellite in addition to those required must be
available to obtain the navigation solution.

Radius to fix (RF) leg.- An RF leg is defined as any circular path (an arc) with a constant radius
around a defined turn centre that starts and ends in a fix.

Abbreviations

CAA Civil aviation administration

ABAS Aircraft-based augmentation system
AGL Above ground level

AP Automatic pilot

APCH Approach

APQ Advance qualification program

AR Authorization required

AIRAC Aeronautical information regulation and control
AC Advisory circular (FAA)

AFM Aircraft flight manual

AIM Aeronautical information manual
AMC Acceptable means of compliance
ANP Navigation performance

ANSP Air navigation service provider

ATC Air traffic control

ATS Air traffic service
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a) baro-VNAV Barometric vertical navigation
r AC Advisory circular (SRVSOP)
s) CDI Course deviation indicator
t) CDhU Control display unit
u) DAH Decision altitude/height
V) DME Distance-measuring equipment
w) EASA European Aviation Safety Agency
X) EGPWS Enhanced ground proximity warning system
y) EPE Estimated position error
2) EPU Estimated position uncertainty
aa) EUROCAE European Organization for Civil Aviation Equipage
bb) FAA United States Federal Aviation Administration
f) FAF Final approach fix
cC) FD Flight director
dd) FMS Flight management system
ee) FOSA Flight operational safety assessment
ff) FSD Maximum deflection
g9) FTD Flight training devices
hh) FTE Flight technical error
ii) GBAS Ground-based augmentation system
i GNSS Global navigation satellite system
kk) GLONASS Global navigation satellite system
I GP Glide path
mm) GPS Global positioning system
nn) GS Ground speed
00) HAL Horizontal alert limit
pp) HIL Horizontal integrity limit
qq) HPL Horizontal protection level
rr) IAC Instrument approach chart
Sss) IAF Initial approach fix
tt) IFR Instrument flight rules
uu) INS Inertial navigation system
W) ILS Instrument landing system
ww) IRS Inertial reference system
XX) IRU Inertial reference unit

yy) ISA International standard atmosphere
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aaa)
bbb)
cce)
ddd)

eee)

9g99)
hhh)
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I])
KKK)
liry
mmm)
nnn)
000)
pPP)

qqa)
rer)

SSS)
ttt)
uuu)

vw)

XXX)
yyy)
777)
aaaa)
bbbb)
ccee)
dddd)

eeee)

9g9g9)
hhhh)

LAAS
LAR
LNAV
LOA
LOE
LOFT
MEL
NAVAIDS
NOTAM
OACI
OEM
OM
PBN
PC
PDE

PF
POH
POI

PM

PT

RA
RAIM
RF

RF leg
RF turn
RNAV
RNP
RNP APCH
RNP AR APCH
RTCA
SBAS
SET
SPOT
TLS
VDI
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Local area augmentation system
Latin American Aeronautical Regulations
Lateral navigation
Letter of authorization
Line-oriented evaluation
Line-oriented flight training
Minimum equipment list
Navigation aids
Notice to airmen
International Civil Aviation Organization
Original equipment manufacturer
Operations Manual
Performance-based navigation
Proficiency check
Path definition error
Pilot flying the aircraft
Pilot operations manual
Principal operations inspector
Pilot monitoring the aircraft
Proficiency training
Radio altimeter
Receiver autonomous integrity monitoring
Constant radius to fix arc
Constant radius to fix arc leg
Constant radius to fix turn
Area navigation
Required navigation performance
Required navigation performance approach
Required navigation performance authorization required approach
Requirements and technical concepts for aviation
Satellite-based augmentation system
Selected event training
Special-purpose operational training
Target level of safety

Vertical deviation indicator
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iiii) VNAV Vertical navigation
i VOR VHF omnidirectional radio range
kkkk) VPA Vertical path angle
1)} WAAS Wide area augmentation system
5. INTRODUCTION
5.1 ICAO Document 9613 - Manual on Required Navigation Performance (PBN), currently

establishes two types of RNP navigation specifications for approach operations: RNP approach (RNP
APCH) and RNP approach with authorization required (RNP AR APCH).

5.2 RNP AR APCH operations permit a high level of navigation performance and require that the
operator meet additional aircraft and flight crew requirements in order to obtain an operational
authorization from the CAA.

5.3 These operations can offer significant operational and safety advantages compared to other
RNAYV procedures, since they introduce additional navigation capabilities in terms of precision, integrity
and functions allowing for operations with reduced obstacle clearance allowances that permit approach
and departure procedures under circumstances in which other approach and departure procedures are
neither possible nor satisfactory from the operational point of view.

5.4 RNP AR APCH operations include particular capabilities that require a special and mandatory
authorization similar to that for ILS CAT Il and CAT IIl operations.

5.5 All RNP AR APCH operations have reduced lateral obstacle evaluation areas and vertical
obstacle clearance surfaces, based on aircraft and crew performance requirements stated in this AC.

5.6 RNP AR APCH operations are classified as vertical guide approach procedures (APV)
according to Annex 6. In addition to lateral guide, this type of operation requires a positive vertical
navigation guidance system for the final approach segment.

5.7 An RNP AR APCH procedure is designed when a direct approach is not operationally
possible.
5.8 There are three features in procedure design criteria that must only be used when there is a

specific operational need or a benefit. Accordingly, an operator may be authorized to any or all of the
following sub-sets of these types of procedures:

v ability to fly a published arc, also referred to as a radius to fix leg (RF leg)

v reduced obstacle evaluation area on the missed approach, also referred to as a missed
approach requiring RNP less than 1.0

v an RNP AR APCH that employs a line of minima less than RNP 0.3 and/or a missed
approach requiring an RNP less than 1.0

5.9 An operator conducting an RNP AR APCH operation using a line of minima less than RNP
0.3 and/or a missed approach that requires an RNP less than 1.0 shall comply with paragraphs 5 and/or 6
of Appendix 2 to this AC.

5.10 The criteria in this AC are based on the use of multi-sensor navigation systems and
barometric vertical navigation (baro-VNAV) systems.

5.11 The procedures to be implemented pursuant to this AC will permit the use of high-quality
lateral and vertical navigation capabilities to improve safety and reduce the risks of controlled flight into
terrain (CFIT).

5.12 The material described in this AC has been developed based on the following documents:
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v Chapter 6, Volume Il, Part C of ICAO Doc 9613 - Manual on performance based
navigation (PBN); and

v Working Paper IFPP/2 WP/5 — Flight operational safety assessment (FOSA) submitted
to the ICAO PBN Working Group meeting (22 September to 3 October 2008).

To the extent possible, this AC has been harmonized with:

v AMC 20-26 - Airworthiness approval and operational criteria for RNP authorization
required (RNP AR) operations of the European Aviation Safety Agency (EASA); and

v AC 90-101 — Approval guidance for RNP procedures with SAAR, of the United States
Federal Aviation Administration (FAA), published on 15 December 2005.

Note.- Notwithstanding harmonization efforts, operators shall note the differences between this AC and the
aforementioned documents when requesting an authorization from the corresponding Administrations.

DESCRIPTION OF THE NAVIGATION SYSTEM

Lateral Navigation (LNAV)

In LNAV, RNP equipment enables the aircraft to navigate in accordance with appropriate routing
instructions along a path defined by waypoints maintained in an on-board navigation database.

Note.- Normally, LNAV is a mode of flight guidance systems where the RNP equipment provides path steering commands to
the flight guidance system that controls flight technical error (FTE) through either manual pilot control with a path deviation
display or through FD or AP coupling.

For purposes of this AC, RNP AR APCH operations are based on the use of RNP equipment that
automatically determines aircraft position on the horizontal plane using data inputs from the following
types of position sensors (listed in no specific order of priority or combination), but whose primary
basis for positioning is the GNSS.

1) Global navigation satellite system (GNSS).

2) Inertial navigation system (INS) or inertial reference system (IRS), with automatic position
updating from suitable radio-based navigation equipment.

3) Distance measuring equipment (DME) that provides measurements from two or more ground
stations (DME/DME)

Note.- Depending on DME infrastructure, an operator may use DME/DME position updating as a means of reversal. This
function must be assessed on a case-by-case basis and approved at the operational level.

Vertical Navigation (VNAV)

In VNAV, the system enables the aircraft to fly level and descend relative to a linear, point-to-point
vertical path that is maintained in an on-board navigation database. The vertical profile will be based
on altitude constraints or vertical path angles (VPA) where appropriate, associated with the vertical
navigation path waypoints.

Note.- Normally, VNAV is a mode of flight guidance systems, where RNP equipment with VNAV capability provides path

steering commands to the flight guidance system that controls the flight technical error (FTE) through either manual pilot control
with vertical deviation display or through FD or AP coupling.

AIRCRAFT EQUIPMENT REQUIREMENTS

The operator must establish and have a configuration list available describing in detail the

components and equipment to be used for RNP AR APCH operations.

7.2

The required equipment list shall be established during the operational approval process, taking

into account the AFM and available operational mitigation methods. This list shall be used to update the
MEL of each type of aircraft for which the operator submits an operational application.
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7.3 The details of the equipment and its use in keeping with the characteristic(s) of each approach
are described in the appendices to this AC.
8. AIRWORTHINESS AND OPERATIONAL APPROVAL
8.1 In order to get an RNP AR APCH authorization, a commercial air transport operator shall obtain

two types of approval:

a) an airworthiness approval from the State of Registry; (see Article 31 of the Chicago Convention and
paragraphs 5.2.3 and 8.1.1 of Annex 6, Part I); and

b) an operational approval from the State of the Operator (see paragraph 4.2.1 and Attachment F to
Annex 6, Part I).

8.2 For general aviation operators, the State of Registry will determine if the aircraft meets the
applicable RNP AR APCH requirements and will issue the operational authorization (e.g., a letter of
authorization — LOA) (see paragraph 2.5.2.2 of Annex 6, Part II).

8.3 An operator that has obtained operational approval can conduct RNP AR APCH operations in
the same way as an operator that has been authorized to conduct ILS CAT Il and Il operations.

8.4 Before submitting the application, manufacturers and operators shall review all the performance
requirements. Compliance with airworthiness requirements or the installation of the equipment, by itself,
does not constitute operational approval.

8.5 Appendix 1 to this AC contains the RNP AR APCH procedure characteristics that must be
taken into account by operators when conducting this type of operations.

8.6 In order to get operational approval, operators shall meet the requirements contained in
Appendices 2 to 6 to this AC.

8.7 Appendix 7 contains a summarized list of requirements to obtain RNP AR APCH authorization,
including the documents to be included in the application.

8.8 Appendix 8 contains a summarized guide on the approval process to get an RNP AR APCH
authorization.

8.9 Appendix 9 provides guidance on the flight operational safety assessment (FOSA).

9. AIRWORTHINESS APPROVAL

9.1 Aircraft Qualification Documentation

a) Bearing in mind the particular requirements of RNP AR APCH operations and the need to develop
aircraft- and navigation system-specific procedures for the flight crew, the operators shall submit the
aircraft qualification documentation that complies with Appendix 2 to this AC. This documentation
shall identify optional capabilities (e.g., RF legs and RNP missed approaches), the RNP capability of
each aircraft configuration, and the characteristics that can alleviate the need for operational
mitigation. This documentation shall define the procedures recommended for RNP aircraft
maintenance.

9.2 Aircraft Acceptability

a) For new aircraft.- Aircraft qualification documentation can be approved by the CAA as part of an
aircraft certification project, and will be reflected in the AFM and related documents.

b) For aircraft in service.- The operator shall send the aircraft certification to the corresponding CAA
bodies (e.g., aircraft certification division, or airworthiness inspection division, or equivalent). These
bodies shall accept, as appropriate, the data package for RNP AR APCH operations. This
acceptance will be documented in a letter addressed to the operator.
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Aircraft Modification

In case a system required for RNP AR APCH operations is modified (for instance, a change in
software or hardware), the aircraft modification must be approved.

The operator must obtain a new operational approval supported by the manufacturer updated aircraft
operational and qualification documentation.

OPERATIONAL APPROVAL

In order to obtain RNP AR APCH authorization, the operator must meet the criteria set forth in

this paragraph and in Appendix 7 - Requirements to obtain RNP AR APCH authorization.

10.2

a)

b)

10.1

a)

b)

RNP AR APCH Operational Documentation

The operator will submit operational documentation for RNP AR APCH operations in keeping with the
following appendices to this AC: Appendix 3 — Navigation data validation program; Appendix 4 —
Operational considerations; Appendix 5 — Training programs; and Appendix 6 — RNP monitoring
programs.

For new aircraft.- The RNP AR APCH operational documentation submitted by the operator will be
accepted by the relevant CAA body (for example, the aircraft certification division or flight standard
body or equivalent).

For aircraft in service.- The operator shall send the RNP AR APCH operational documentation to the
corresponding CAA bodies (for example, the aircraft certification division or flight standard body or
equivalent). These entities will accept, as appropriate, the RNP AR APCH operational documentation.
This acceptance will be documented in a letter addressed to the aircraft operator.

Operator Approval

LAR 91, 121, and 135 operators shall submit to the flight standard body or equivalent evidence of
compliance with the aircraft operational or qualification documentation accepted by the CAA as
described in Annex 7 to this AC. This documentation will indicate compliance with Appendices 2 to 9
and will be specific to aircraft equipment and procedures. Once the operator has met the
requirements of this AC or equivalent, the CAA will issue the operational specifications (OpSpecs) for
LAR 121 or 135 operators or a letter of authorization (LOA) for LAR 91 operators, authorizing RNP
AR APCH operations.

Provisional Authorization

1) The operator will be authorized to conduct RNP AR APCH operations using RNP 0.3 minima
during the first 90 days of operation or the period stipulated by the CAA, and at least during the
first 100 approaches in each type of aircraft.

2)  For approaches without a line of minima associated with RNP 0.3 (minima under 0.3), the
procedure shall be conducted under visual meteorological conditions (VMC).

3)  The provisional authorization will be withdrawn once the operator has completed the applicable
period of time and the required number of approaches and once the CAA has reviewed the
RNP AR APCH monitoring program reports.

Note 1.- Operators with experience in equivalent RNP AR APCH operations may receive credit to reduce provisional
authorization requirements.
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Note 2.- Operators with experience in RNP AR APCH operations that are applying for new or modified system or aircraft
operations, variations of the aircraft type or different aircraft types with identical crew procedures and interface may use
reduced periods or approaches in the provisional authorization (for example, periods of less than 90 days and
approaches of less than 50), as determined by the CAA.

Note 3.- In particular circumstances in which compliance with 50 successful approaches could take a long time due to
factors such as the small number of aircraft in the fleet, limited opportunities to use aerodromes with the appropriate
procedures, and when an equivalent level of reliability can be obtained, consideration can be given, on a case-by-case
basis, to a reduction in the required number of approaches.

C) Final Authorization

1) The CAA will issue the OpSpecs or the LOA authorizing the use of the lowest applicable minima
once the operators have successfully completed the time period and the number of approaches
required by the CAA, as established in paragraph b) above.



a)

b)

d)

e)

SAM/IG/3
WP/17
B-11

APPENDIX 1
RNP AR APCH INSTRUMENT APPROACH PROCEDURES
INTRODUCTION

ICAO Doc 9905 - Manual for the design of RNP procedures with authorization required (RNP AR),
provides RNP AR APCH procedure design criteria.

This appendix provides a summary of the key characteristics of approach procedures, and
introduces the types of RNP approach operations.

PARTICULAR CHARACTERISTICS OF RNP AR APCH APPROACHES

RNP value.- Each line of minima published has an associated RNP value; for example, RNP 0.3
or RNP 0.15. A minimum RNP value is documented as part of an RNP AR APCH authorization for
each operator, and it may vary depending on aircraft configuration or operational procedures (for
example, inoperative GPS, use of FD with or without AP).

Procedures that include radius to fix legs (RF legs).- Some RNP procedures have curved
paths, known as radius to fix legs (RF legs). Since not all aircraft can fly this type of legs, pilots are
responsible for knowing if they can conduct an RNP AR APCH procedure with an RF leg. RNP
requirements for RF legs will be indicated in the note section of instrument approach charts (IAC)
or in the applicable initial approach fix (IAF).

Missed approaches that require RNP values of less than 1.0.- In designated locations, the
airspace or the obstacle area will require an RNP capability of less than 1.0 during a missed
approach from any location in the procedure. Navigation system reliability must be very high in
these locations. These approaches will normally require redundant equipment since no single
point-of-failure can cause a loss of RNP capability.

Non-standard speeds or climb gradients.- RNP AR APCH procedures are developed on the
basis of standard approach speeds and a with climb gradient of 200 ft/NM in the missed approach.
Any exception to these standards will be stated in the approach procedure and the operator will
ensure compliance with any published limitation before conducting the operation.

Temperature limits.-

1) High and low temperature limits are identified in RNP AR APCH procedures for aircraft using
barometric vertical navigation (baro-VNAV) without temperature compensation on the
approach.

2) Aircraft using baro-VNAV with temperature compensation, or an alternate means of vertical
guidance (e.g., SBAS) can ignore temperature restrictions.

3) Since temperature limits established in the charts are assessed only for obstacle clearance in
the final approach segment, and taking into account that temperature compensation affects
only vertical guidance, the pilot may need to adjust the minimum altitude in the initial and
intermediate approach segments and in the decision altitude/height (DA/H)).

Note 1.- Temperature affects the indicated altitude. The effect is similar to having high and low pressure changes, but not as

significant as those changes. When the temperature is higher than the standard (ISA), the aircraft will be flying above the

indicated altitude. When the temperature is lower than the standard, the aircraft will be flying below the altitude indicated in
the altimeter. For further information, refer to altimeter errors in the aeronautical information manual (AIM).

Note 2.- Pilots are responsible for all low (cold) temperature corrections required at all minimum altitudes/heights published.
This includes:

> the altitudes/heights for the initial and intermediate segments;
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> the DA/H; and
> the subsequent missed approach altitudes/heights.

Note 2.- The final approach path VPA is protected against the effects of low temperatures by the procedure design.

f) Aircraft size.- The minima to be obtained may depend on the size of the aircraft. Large aircraft
may require higher minima due to the height of the landing gear and/or aircraft wingspan. When
appropriate, aircraft size restrictions will be reflected in RNP AR APCH procedure charts.
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APPENDIX 2
AIRCRAFT QUALIFICATION
INTRODUCTION

This appendix describes aircraft performance and the functional criteria for qualifying an aircraft for
RNP AR APCH operations.

Applicants may establish compliance with this appendix based on the type certification or
supplementary type certification, and document said compliance in the AFM (supplement).

The operator of a previously certified aircraft may document compliance with this aircraft
certification criterion without a new airworthiness project (for example, without a change in the
AFM) and must report to the aircraft certification division or equivalent any new performance not
covered by the original airworthiness approval.

The AFM or other proof of aircraft qualification shall indicate the normal and non-normal flight crew
procedures, responses to failure alerts, and any other limitation, including information on the
operation modes required for flying an RNP AR APCH procedure.

In addition to the specific RNP AR APCH guide presented in this AC, the aircraft must comply with
AC 20-129 - Airworthiness approval of vertical navigation (VNAV) systems for use in the U.S.
National Airspace System (NAS) and Alaska and either with AC 20-130 () — Airworthiness approval
of navigation or flight management systems integrating multiple navigation sensors or AC 20-138 ()
— Airworthiness approval of NAVSTAR Global Positioning System (GPS) for use as a VFR and IFR
supplemental navigation system, or equivalent documents.

PERFORMANCE REQUIREMENTS

This paragraph defines the general performance requirements for aircraft qualification. Paragraphs 3, 4,
and 5 of this appendix provide guidance material on acceptable methods of compliance to meet such
requirements.

a)

b)

Path definition.- Aircraft performance is assessed around the path defined by the published
procedure and by Section 3.2 of document RTCA/DO.236B. All flight paths used in conjunction with
the final approach segment will be defined by the flight path angle (VPA) (RTCA/DO-236B, Section
3.2.8.4.3) as a straight line to a fix and altitude.

Lateral precision.- Any aircraft conducting RNP AR APCH procedures must have a cross-track
navigation error not greater than the precision value (0.1 NM to 0.3 NM) applicable to 95% of the
flight time. This error includes the position error, the flight technical error (PTE), and the display
system error. Likewise, the along-path position error must not be greater than the precision value
applicable to 95 % of the flight time.
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Vertical precision.- The vertical system error includes the altimeter error (assuming international
standard atmosphere (ISA) temperature and lapse rates), the along-path effect of the error, the
system calculation error, and the flight technical error. 99.7% of the system error in the vertical
direction must not be less than (in feet):

\/((6076115)(1.225)RNP tan@)” +(60tan8)” + 752 + ((—88 :10°°)(h+4h)* +(65-10°°}(h +ah) + 50)2

d)

e)

a)

Where 0 is the vertical navigation path angle, h is the height of the local altimeter reporting station,
and Ah is the height of the aircraft over the reporting station.

Airspace containment.- RNP AR APCH approaches are published as performance-based
approaches; therefore, they do not require any specific procedure or technology, but rather a
performance level.

1) RNP and baro-VNAV aircraft.- This AC provides acceptable methods of compliance for
aircraft using an RNP system based mainly on GNSS, and a vertical navigation system
(VNAV) based on a barometric altimeter. Paragraphs 3, 4, and 5 of this appendix, together
with the guide established in Appendices 3 and 4, describe an acceptable method of
acceptance to obtain the required navigation performance. Aircraft and procedures that
comply with these paragraphs and appendices meet the airspace containment requirement.

2) Other alternate systems or methods of compliance.- For other alternate systems or
methods of compliance, the likelihood of the aircraft exceeding the lateral and vertical limits of
the obstacle clearance volume must not exceed 107 per approach (Doc 9905 - Manual for the
design of navigation required performance procedures with authorization required (RNP AR),
including approach and missed approach. This requirement can be met through a safety
assessment, applying:

v appropriate quantitative numerical methods;
v operational and procedural qualitative considerations and mitigations; or

v an appropriate combination of both quantitative and qualitative methods.

Note 1.- This requirement applies to the total likelihood of excursions outside of the obstacle clearance volume,
including events caused by latent conditions (integrity) and detected conditions (continuity) if the aircraft does not
remain within the obstacle clearance volume after the failure is announced. The alert control limit, the latent status of
the alert, the crew response time, and the aircraft response shall be taken into account when ensuring that the
aircraft will not go outside the obstacle clearance volume. The requirement applies to a single procedure,
considering the exposure time of the operation, the radio aid (NAVAID) geometry, and the navigation performance
available for each published approach.

Note 2.- This containment requirement is derived from the operational requirement and is particularly different from
the requirement specified in Document RTCA/DO-236B. The requirement in Document RTCA/DO-236B was
developed to expedite airspace design and is not directly equivalent to obstacle clearance.

System control.- A critical component of RNP during approach is the capability of the aircraft
navigation system to control the navigation performance obtained and identify for the flight crew
whether or not the operational requirement is being met during the operation.

GENERAL RNP AR APCH REQUIREMENTS
Navigation Sensors.- This section identifies the particular features of navigation sensors within
the context of RNP AR APCH operations.
1) Global Positioning System (GPS).-

(@) The sensor must meet the criteria of FAA AC 20-138 (). For systems that comply with
this AC, the following sensor precisions can be used in the total system precision
analysis without any additional justification:



2)

3)

4)

5)

6)

7

SAM/IG/3
WP/17
B-15

(1) GPS sensor precision better than 36 m (95%); and
(2) augmented GPS (GBAS or SBAS) sensor precision better than 2 m (95%).

(b) In case of latent failure of the GPS satellite and marginal geometry of said satellite
(e.g., horizontal integrity limit (HIL) equal to the horizontal alert limit (HAL)), the
likelihood of the aircraft remaining within the obstacle clearance volume used to assess
the procedure must be greater than 95% (both laterally and vertically).

Note.- GNSS-based sensors produce an HIL, also known as horizontal protection level (HPL) (see AC 20-138A,

Appendix 1 and document RTCA/DO-229C for an explanation of these terms). The HIL is a measure of the estimated

position error, assuming a latent failure is present. Instead of a detailed analysis of the effects of latent failures on

the total system error, an acceptable means of compliance for GNSS-based systems is to ensure the HIL remains
twice as low as the navigation precision, minus 95% of the flight technical error (FTE), during RNP AR APCH
operations.

Inertial reference system (IRS).- An IRS must meet the criteria of LAR 121 Appendix G or
US 14 CFR Part 121 Appendix G or equivalent. While Appendix G defines the 2-NM-per-hour
drift rate (95%) requirement for flights up to 10 hours, this rate may not apply to an RNP
system after loss of position updating. It is assumed that systems that have demonstrated
compliance with LAR 121 Appendix G have an initial drift rate of 8 NM/hour for the first 30
minutes (95%), without further substantiation. Aircraft manufacturers and applicants can
demonstrate improved inertial performance in accordance with the methods described in
Appendix 1 or 2 of FAA Order 8400.12A.

Note.- Integrated GPS/INS position solutions reduce the rate of degradation after loss of position updating. For
coupled GPS/IRUs, RTCA/DO-229C Appendix R provides additional guidance.

Distance measuring equipment (DME).- Initiation of all RNP AR APCH procedures is
based on GNSS updating. Except where the use of DME in a procedure is specifically
designated as “not authorized”, DME/DME updating can be used as a reversal mode during
the approach and missed approach when the system complies with the navigation precision.
The manufacturer and the operator shall identify any DME infrastructure or procedure
limitation preventing an aircraft type from meeting this requirement.

VHF omnidirectional radio range (VOR).- For initial RNP AR APCH implementation, the
RNP system may not use VOR updating. The manufacturer and the operator shall identify
any VOR infrastructure or procedure limitation preventing a given aircraft type from meeting
this requirement.

Note.-  This requirement does not imply that an equipment capability must exist providing a direct means of
inhibiting VOR updating. A procedure that allows the flight crew to inhibit VOR updating or to execute a missed
approach if the system reverts to VOR updating may meet this requirement.

Multi-sensor systems.- For multi-sensor systems, there must be automatic reversal to an
alternate RNAV sensor if the primary RNAV sensor fails. Automatic reversal from one multi-
sensor system to another multi-sensor system is not required.

Altimetry system error.- 99.7% of the altimetry system error for each aircraft (assuming
international standard atmosphere temperature and lapse rate) must be less or equal to the
following, with the aircraft in the approach configuration:

ASE=-88-108.H? +65-10°-H+50
Where H is the true altitude of the aircraft.

Temperature compensation systems.- Systems that provide temperature-based corrections
to the barometric VNAV guidance must comply with RTCA/DO-236 Appendix H.2. This
applies to the final approach segment. Compliance with this requirement shall be documented
to enable the operator to conduct RNP AR APCH approaches when the actual temperature is
above or below the published procedure design limit. Appendix H.2 also provides guidance
on operational aspects related to temperature compensation systems, such as intercepting
compensated paths from non-compensated procedure altitudes.
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Flight path definition and flight planning.-

1)

2)

3)

4)

5)

6)

7

Track-keeping and transition legs.- The aircraft must be capable of executing transition
legs and maintain tracks consistent with the following paths:

(a) ageodetic line between two fixes;
(b) adirect to fix path;
(c) aspecific track to a fix, defined by a course; and

(d) aspecific track to an altitude.

Note 1.- The standards for these paths may be found in documents EUROCAE ED-75 / RTCA DO-236B and in
ARINC Specification 424 — Navigation database. These standards refer to these paths as path terminators: Track to
a fix (TF), Direct to a fix (DF), Course to a fix (CF), Course from a fix to an altitude (FA). Likewise, some procedures
require radius to a fix (RF) legs as described in paragraph 4 of this appendix. Documents EUROCAE ED-75A/RTCA
DO0-236B and ED-77/DO-201A describe in more detail the application of these paths.

Note 2.- Navigation systems can accommodate other ARINC 424 path terminators (e.g., heading to a manual
terminator (VM)). Missed approach procedures may use these types of paths when there is no requirement for RNP
containment.

Fly-By and Flyover Fixes.- The aircraft navigation system must be capable of executing fly-
by and flyover fixes. For fly-by turns, the navigation system must limit the path definition
within the theoretical transition area defined in document EUROCAE ED-75B/RTCA DO-236B
under the wind conditions identified in ICAO Doc 9905. The flyover turn is not compatible with
RNP flight tracks and will only be used when there is no repetitive path requirement.

Waypoint resolution error.- The navigation database must provide sufficient data resolution
to ensure the navigation system achieves the required precision. A waypoint resolution error
must be less than or equal to 60 ft, including both the data storage resolution and the RNP
system computational resolution used internally for construction of flight plan waypoints. The
navigation database must contain vertical angles (flight path angles) stored to a resolution of
hundredths of a degree, with a computational resolution such that the system-defined path is
within 5 ft of the published path.

“Direct to” function capability - The navigation system must have a “direct to” function that
the flight crew can activate at any time. This function must be available for any fix. The
navigation system must also be capable of generating a geodetic path “to” the designated fix,
without turns and undue delays.

Ability to define a vertical path.- The navigation system must be capable of defining a
vertical path for a flight path angle to a fix. The navigation system must also be capable of
specifying a vertical path between the altitude constraints of two fixes in the flight plan. Fix
altitude constraints must be defined as one of the following:

(@ an AT or ABOVE altitude constraint (for example, 2400A) may be appropriate for
situations where it is not necessary to limit the vertical path;

(b) an AT or BELOW altitude constraint (for example, 4800B) may be appropriate for
situations where it is not necessary to limit the vertical path;

(c) an AT altitude constraint (for example, 5200); or

(d) aWINDOW-type altitude constraint (for example, 2400A3400B).

Note.- For RNP AR APCH procedures, any segment with a published vertical path will define that path based on an
angle to the fix and altitude.

Altitudes and/or speeds.- Altitudes and speeds associated with published procedures must
be extracted from the navigation database.

Path construction.- The system must be capable of constructing a path to provide guidance
from current position to a constrained fix.
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Ability to load procedures from the navigation database.- The navigation system must be
capable of loading the entire procedure(s) to be flown into the RNP system from an on-board
database. This includes the approach (including a vertical angle), the missed approach, and
the approach transitions for the selected aerodrome and runway.

Means to retrieve and display navigation data.- The navigation system must provide the
flight crew the ability to verify the procedures to be flown through a review of the data stored
in the on-board navigation database. This includes the ability to review the data for individual
waypoints and navigation aids.

Magnetic variation.- For paths defined by a course (path terminators: Course to a fix (CF)
and Course from a fix to an altitude (FA)), the navigation system must use the magnetic
variation value for the procedure loaded on the navigation database.

Changes in the RNP value.- Changes to lower RNP values must be completed at the fix that
defines the leg with the lowest RNP value. Any operational procedure necessary to
accomplish this must be identified.

Automatic leg sequencing.- The navigation system must provide the ability to automatically
sequence to the next leg and display the sequencing to the flight crew in a readily visible
manner.

Display of altitude restrictions.- A display of altitude restrictions associated to flight plan
fixes must be available to the pilot. If there is a particular procedure in the navigation
database with a flight path angle associated with any flight plan leg, the equipment must
display the flight path angle for that leg.

Demonstration of path steering performance.- When the RNP demonstration includes a path
steering performance demonstration (flight technical error), the applicant must complete such
demonstration in keeping with paragraphs 5.19.2.2 and 5.19.3.1 of FAA AC 120-29A.

Displays.-

1)

2)

Continuous display of deviation.- The navigation system must provide the ability to
continuously display the aircraft position relative to the defined RNP path (both lateral and
vertical deviation) to the pilot flying the aircraft, on the primary flight navigation instruments.
The display must allow the pilot to readily distinguish if the cross-track deviation exceeds the
navigation precision (or a smaller value) or if the vertical deviation exceeds 75 ft (or a smaller
value).

(@ It is advisable that a appropriately-scaled non-numeric deviation display (e.g., the
lateral deviation indicator or the vertical deviation indicator) be located in the primary
field of view of the pilot. A course deviation indicator (CDI) is acceptable provided it
demonstrates an appropriate scaling and sensitivity for the intended navigation
precision and operation. With a scalable CDI, the scale should be derived from the
RNP selection, and does not require a separate selection of the CDI scale. Alerting and
annunciation limits must also match the scaling values. If the equipment uses a pre-
established navigation precision to describe the operational mode (e.g., en route,
terminal area, and approach), then displaying the operational mode is an acceptable
means from which the flight crew can derive the CDI scale sensitivity.

(b)  Normally, a numeric deviation display or the display of a graph on a map without a
properly regulated deviation indicator is not acceptable. The use of a numeric display or
a map display may be possible depending on the flight crew workload, display
characteristics, flight crew procedures and training. Furthermore, initial and recurrent
training or on-line experience must be provided to the flight crew, but this solution
increases flight crew workload during approach, and imposes additional costs to the
operator due to training requirements.

Identification of the active (to) waypoint.- The navigation system must provide a display
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identifying the active waypoint, either in the primary field of view of the pilot or on a display
that is visible to, and of ready access by the flight crew.

Display of distance and heading.- The navigation system must provide a display of
distance and heading to the active (to) waypoint in the primary field of view of the pilot.
Where not viable, an easily accessible page on the control display unit (CDU), readily visible
to the flight crew, may display the information.

Display of groundspeed (GS) and time.- The navigation system must provide a display of
groundspeed and time to the active (to) waypoint in the primary field of view of the pilot.
Where not viable, an easily accessible page on the control display unit, readily visible to the
flight crew, may display the information.

Display of to/from the active fix.- The navigation system must provide a to/from display in
the primary field of view of the pilot.

Desired track display.- The navigation system must be capable of continuously displaying
the desired RNP track to the pilot flying the aircraft. The display must be on the primary flight
instruments for aircraft navigation.

Display of aircraft track.- The navigation system must provide a display of the actual
aircraft track (or track angle error), either in the primary field of view of the pilot, or on a
display that is visible to, and readily accessible by the flight crew.

Failure annunciation.- The aircraft must provide a means to annunciate failures of any
component of the RNP system, including navigation sensors. The annunciation must be
visible to the pilot and located in the primary field of view of the pilot.

Enslaved course selector.- The navigation system must provide a course selector
automatically enslaved to the computed RNP path.

RNP path display.- When the minimum flight crew is two pilots, the navigation system must
provide a readily visible means for the pilot monitoring the aircraft to verify the defined RNP
path and the aircraft position relative to said path.

Display of distance to go.- The navigation system must provide the ability to display
distance to go to any waypoint selected by the flight crew.

Display of distance between flight plan waypoints.- The navigation system must provide
the ability to display the distance between flight plan waypoints.

Display of deviation. The navigation system must provide a numeric display of vertical
deviation with a resolution of 10 ft or less, and a lateral deviation with a resolution of 0.01 NM
or less.

Display of barometric altitude.- The aircraft must display barometric altitude from two
independent sources, one in the primary field of view of each pilot.

Note.- This display supports an operational cross-check of altitude sources. If the aircraft altitude sources are
automatically compared, the output of the independent altimetry sources, including independent aircraft static air
pressure systems, must be analyzed to ensure that they can provide an alert in the primary field of view of the pilot
when deviations exceed 75 ft. Such comparator monitor function shall be documented so that it may eliminate the
need for an operational mitigation.

Display of active sensors.- The aircraft must display the navigation sensor(s) in use. It is
recommended that this display be provided in the primary field of view of the pilot.
Note.- This display is used to support operational contingency procedures. If such display is not provided in the

primary field of view of the pilot, flight crew procedures can mitigate the need for this display if the workload is
designated as acceptable.

Design assurance.- The system design assurance must be consistent with at least a major failure
condition with respect to false lateral or vertical guidance during an RNP AR APCH.

Note.- The false vertical or lateral RNP guidance display is considered to be a (severe or major) hazardous failure condition
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for RNP AR APCH with an RNP value of less than 0.3. Systems designated as consistent with this effect should be

documented since they can eliminate the need for some aircraft operational mitigation.

Navigation database. —

1) Navigation database.- The aircraft navigation system must use a navigation database that:
(@) can receive updates in accordance with the AIRAC cycle; and

(b)  permits the retrieval and loading of RNP AR APCH procedures from and into the RNP
system.

2) Database protection.- The on-board navigation database must be protected against flight
crew modification of stored data.

Note.- When a procedure is loaded into the database, the RNP system must fly the published procedure. This does
not prevent the flight crew from having the means to modify a procedure or route that has been loaded into the RNP
system. However, the procedures stored in the navigation database must not be modified and must remain intact in
the navigation database for reference and future use.

3) Validity period display.- The aircraft must provide a means to display the validity period of
the on-board navigation database to the flight crew.

REQUIREMENTS FOR RNP AR APCH PROCEDURES WITH RF LEGS

This section defines the additional requirements for executing approaches with RF legs. The AFM or the
aircraft qualification guidance shall state whether or not this capability is provided.

a)

b)

c)

d)

5.

The navigation system must be capable of executing transition legs and maintaining tracks that are
consistent with the RF legs between two fixes.

The aircraft must have an electronic map displaying the procedure selected.

The FMC, the flight management system, and the autopilot must be capable of commanding a
bank angle of 25° above 400 ft AGL and up to 8° below 400 ft AGL.

Once a missed approach or go-around (through the activation of TOGA of other means) has been
initiated, the flight guidance mode must remain in LNAV to enable continuous track guidance during
an RF leg.

REQUIREMENTS FOR APPROACHES WITH AN RNP OF LESS THAN 0.3

The AFM or aircraft qualification guidance must state whether or not the ability of executing approaches
with an RNP of less than 0.3 is provided for each aircraft configuration (e.g., two APs may achieve an
RNP capability that is lower to that achieved with two flight directors).

a)

b)

Single point of failure.- No single point of failure can cause the loss of guidance compatible with
the RNP value of the approach. Typically, the aircraft must have at least the following equipment:

1) two GNSS sensors;

2) two FMS;

3) two air information systems;

4)  two AP; and

5) one inertial reference unit (IRU).

Design assurance.- The system design assurance must be consistent with at least a severe or
major failure condition due to loss of lateral or vertical guidance during an RNP AR APCH where an
RNP value of less than 0.3 is required to avoid obstacles and terrain while executing an approach.

Note.- The loss of lateral guidance display during RNP AR APCH operations that require an RNP value of less than 0.3 to
avoid obstacles or terrain is considered as a hazardous (severe or major) failure condition. The AFM shall document
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designated systems that are consistent with this effect. This documentation shall describe the specific configuration of the
aircraft or the mode of operation to obtain RNP values of less than 0.3. Compliance with this requirement may replace the
general requirement for the two pieces of equipment described above.

Go-around guidance.- Once a missed approach or go-around maneuver has been initiated
(through activation of TOGA or other means), the flight guidance mode must remain in LNAV to
enable continuous track guidance during an RF leg. If the aircraft does not provide this capability,
the following requirements apply:

1) If the aircraft provides RF leg capability, the lateral path after initiating a go-around maneuver
(TOGA) (taking into account a straight segment of at least 50 seconds between the point
where the RF leg ends and the decision altitude (DA)) must fall within 1° of the track defined
by the straight segment through the DA point. The previous turn may have an arbitrary
angular extension and a turn radius as small as 1 NM, with speeds consistent with the
approach conditions and the turn radius.

2) The flight crew must be capable of coupling the AP or DF to the RNP system (connect LNAV)
at 400 ft AGL.

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 RNP value.

REQUIREMENTS FOR MISSED APPROACHES WITH RNP LESS THAN 1.0

The AFM or the aircraft qualification guidance shall identify if the aircraft can achieve an RNP value of
less than 1.0 in a missed approach. The AFM or the aircraft qualification guidance shall also specify the
aircraft configuration or operating mode required to obtain RNP values of less than 1.0 (e.g., two APs
may achieve an RNP capability that is lower than that achieved with two FDs).

a)

b)

c)

Single point of failure.- No single point of failure can cause the loss of guidance compliant with an
RNP value associated to a missed approach procedure. Typically, the aircraft must have at least
the following equipment:

1) two GNSS sensors;

2) dual FMS;

3) two air information systems;
4)  two APs; and

5) one IRU.

Design assurance.- The system design assurance must be consistent with at least one severe or
major failure condition due to loss of lateral or vertical guidance during an RNP AR APCH where an
RNP value of less than 1.0 is required to avoid obstacles and terrain while executing a missed
approach.

Note.- The loss of lateral guidance display during RNP AR APCH missed approach operations that require an RNP value
of less than 1.0 to avoid obstacles or terrain is considered as a hazardous (severe or major) failure condition. The AFM
shall document designated systems that are consistent with this effect. This documentation shall describe the specific
aircraft configuration or operation mode to obtain RNP values of less than 1.0. Compliance with this requirement may
substitute the general requirement for two pieces of equipment described above.

Go-around guidance.- Once initiated a missed approach or go-around (through the activation of
TOGA or other means), the flight guidance mode must remain in LNAV to enable continuous track
guidance during an RF leg. If the aircraft does not provide this capability, the following
requirements apply:



d)

SAM/IG/3
WP/17
B-21

1) If the aircraft provides the ability for RF legs, the lateral path after initiating a go-around
(TOGA) (taking into account a straight segment of at least 50 seconds between the point
where the RF leg ends and the decision altitude (DA)), must be within 1° of the track defined
by the straight segment through the DA point. The previous turn may have an arbitrary
angular extension and a turn radius as small as 1 NM, with speeds consistent with approach
conditions and turn radius.

2) The flight crew must be capable of coupling the AP or DF to the RNP system (connect LNAV)
at 400 ft AGL.

Loss of GNSS.- After initiating a go-around or a missed approach following a loss of GNSS, the
aircraft must automatically revert to another means of navigation that complies with the RNP value.



SAM/IG/3

WP/17
B-22
APPENDIX 3
NAVIGATION DATA VALIDATION PROGRAM
1. INTRODUCTION

The procedure stored in the navigation database defines the aircraft lateral and vertical guidance.
Navigation database updates are done every 28 days. The navigation data used in each update are
critical for the integrity of each RNP AR APCH procedure. Taking into account the reduced obstacle
clearance associated with these approaches, navigation data validation requires special consideration.
This appendix provides guidance on operator procedures to validate navigation data associated with RNP
AR APCH operations.

2. DATA PROCESSING
a) In its procedures, the operator shall identify the person responsible for the navigation data updating
process.

b) The operator must document a process to accept, verify, and load the navigation data into the
aircraft.

C) The operator must place its documented data process under configuration control.
3. INITIAL DATA VALIDATION

The operator must validate each RNP AR APCH procedure before flying the procedure under instrument
meteorological conditions (IMC) to ensure compatibility with the aircraft and make sure that the resulting
paths correspond to the published procedure. The operator must at least:

a) compare the navigation data of the procedure to be loaded into the FMS with a published
procedure.

b) validate the navigation data of the loaded procedure, either in the flight simulator or in the aircraft
under visual meteorological conditions (VMC). The procedure outlined in a map display must be
compared to the published procedure. The complete procedure must be flown to make sure that
the path can be used, has no apparent lateral or vertical path inconsistenies, and is consistent with
the published procedure.

C) Once the procedure is validated, a copy of the validated navigation data must be kept and
maintained for comparison with subsequent data updates.

4, DATA UPDATES

Whenever a navigation data update is received and before using such data in the aircraft, the operator
must compare the update with the validated procedure. This comparison must identify and resolve any
discrepancy in the navigation data. If there are significant changes (any change affecting the approach
path or performance) to any part of a procedure, and such changes are verified through the initial
information data, the operator must validate the amended procedure in accordance with the initial data
validation.

5. NAVIGATION DATA SUPPLIERS

Navigation data providers must have a letter of acceptance (LOA) in order to process these data (e.g.,
FAA AC 20-153, Conditions for issuance of letters of acceptance for navigation data suppliers by the
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European Aviation Safety Agency — EASA or equivalent document). An LOA recognizes the data of a
supplier as those where the quality of the information, the integrity and quality management practices are
consistent with the criteria of document DO-200A/ED-76. An operator supplier (for example, an FMS
company) must have an LOA Type 2 and its respective suppliers must have an LOA Type 1 or 2.

6. AIRCRAFT MODIFICATIONS

If an aircraft system required for RNP AR APCH operations is modified (e.g., software change), the
operator is responsible for validating the RNP AR APCH procedures with the navigation database and the
modified system. This may be accomplished without any direct evaluation if the manufacturer verifies that
the modification has no effect on the navigation database or path computation. If there is no such
verification by the manufacturer, the operator must conduct an initial navigation data validation with the
modified system.
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APPENDIX 4
OPERATING PROCEDURES
1. GENERAL

This appendix provides guidance on the execution of RNP AR APCH operations. In addition to the
guidelines provided in this appendix, the operator must ensure continuous compliance with the general
RNP AR APCH operating procedures and verification of notices to airmen (NOTAMs), NAVAID
availability, aircraft system airworthiness, and flight crew qualification.

2.

a)

b)

c)

d)

PRE-FLIGHT CONSIDERATIONS

Minimum equipment list (MEL).- The operator MEL must be developed or revised to indicate
equipment requirements for instrument RNP AR APCH procedures. Guidance on these equipment
requirements is available in the documents of the aircraft manufacturer. The required equipment
may depend on the intended navigation precision and whether the missed approach requires an
RNP value of less than 1.0. For example, GNSS and AP are normally required for a low navigation
precision. Normally, dual equipment is required for approaches when using a line of minima of less
than RNP 0.3 and/or when the missed approach has an RNP value of less than 1.0. An operable
enhanced ground proximity warning system (EGPWS/TAWS) is required for all RNP AR APCH
procedures. It is advisable that the EGPWS/TAWS use local pressure- and temperature-
compensated altitudes (e.g., a corrected GNSS and barometric altitude) and that it includes data on
significant obstacles and terrain. The flight crew must be aware of the equipment requirement.

Autopilot (AP) and flight director (FD).- For procedures with a navigation precision of less than
RNP 0.3 or with RF legs, the use of AP and FD driven by the aircraft RNP system is required in all
cases. Therefore, the AP and FD must operate with a suitable precision to track the lateral and
vertical paths required by a specific RNP AR APCH procedure. When the dispatch or release of a
flight is predicated on flying an RNP AR APCH approach that requires the use of AP at the
destination and/or alternate aerodrome, the flight dispatcher or pilot in command must make sure
that the AP is installed and operational.

Assessment of an RNP AR APCH dispatch or release.- The operator must have a predictive
performance capability to forecast whether the specific RNP will be available at the location and
time of a desired RNP AR APCH operation. This capability can be provided through a ground
service and does not need to reside in the aircraft avionic equipment. The operator must establish
procedures requiring the use of this capability as a dispatch or release tool and as a flight-tracking
tool in case of reported failures. RNP assessment must consider the specific combination of aircraft
capabilities (sensors and integration).

1) Assessment of RNP AR APCH with GNSS updating.- The predictive capability must take
into account known and predicted temporary suspension of GNSS satellite service or other
negative effects on navigation system sensors. The prediction program shall not use a
masking angle of less than 5°, as operational experience indicates that satellite signals at low
elevations are not reliable. The prediction must use the current GPS constellation with an
algorithm identical to that used in the on-board equipment. For RNP AR APCH procedures in
high terrain, the operator must use a masking angle appropriate to the terrain.

2)  From the initiation of the approach, RNP AR APCH procedures require GNSS updating.

NAVAID exclusion.- The operator must establish procedures to exclude air navigation facilities in
accordance with published NOTAMs (e.g., DMEs, VORs, and localizers). Rationality checks of the
internal avionic equipment may not be appropriate for RNP AR APCH operations.
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Validity of the navigation database.- Upon initiating the system, the pilots of aircraft equipped
with certified RNP systems must confirm that the navigation database is valid. The databases are
expected to be current for the duration of the flight. If the AIRAC cycle changes during the flight,
the operators and pilots must establish procedures to ensure the precision of navigation data,
including the suitability of navigation facilities used for defining routes and flight procedures.
Traditionally, this has been accomplished by verifying electronic data against paper documents.
One acceptable means is to compare aeronautical charts (new and old) to verify navigation fixes
prior to flight dispatch or release. If an amended chart has been published for the procedure, the
navigation database must not be used to conduct the operation.

FLIGHT CONSIDERATIONS

Flight plan modification.- Pilots are not authorized to fly a published RNP AR APCH procedure
unless it can be retrieved by its name from the navigation database and conforms to the published
procedure. The lateral path must not be modified, except that the pilot may accept a clearance to
fly direct to a fix located prior the FAF in the approach procedure, and that does not immediately
precede an RF leg. The only other acceptable modification to the loaded procedure is to change
speed and/or altitude waypoint constraints on the initial, intermediate, or missed approach
segments (for example, corrections applied due to cold temperature or to comply with an ATC
clearance/instruction).

Required equipment list.- The flight crew must have a list of the equipment required to conduct
RNP AR APCH procedures or alternate methods for addressing, during the flight, equipment
failures that hinder the execution of an RNP AR APCH procedure (e.g., the quick reference
handbook - QRH).

RNP AR APCH management.- Flight crew operating procedures must ensure that the navigation
system uses the appropriate navigation precision during the approach. If the approach chart shows
several minima associated to different navigation precision values, the flight crew must confirm that
the desired navigation precision has been entered in the RNP system. If the RNP system does not
extract and set the navigation precision from the on-board database for each leg of the procedure,
then the flight crew operating procedures must ensure that the lowest navigation precision required
to complete the approach or missed approach has been selected before starting the approach.

GNSS updating.- From the beginning of the approach, all instrument RNP AR APCH procedures
require GNSS updating of the navigation position solution. The flight crew must verify that GNSS
updating is available before starting the RNP AR APCH procedure. If at any time during the
approach GNSS updating is lost and the navigation system does not have the performance to
continue the approach, the flight crew must abandon the RNP AR APCH procedure, unless the
pilot has in sight the visual references required to continue such approach.

Radio updating.- The initiation of any RNP AR APCH procedure is based on GNSS updating.
Except where specifically designated in a procedure as not authorized, DME/DME updating can be
used as a reversal mode during the approach or missed approach when the system complies with
the navigation precision. VOR updating is not authorized at this time. Consequently, the flight crew
must follow operator procedures to inhibit specific facilities (see paragraph 2.d) of this appendix).

Approach procedure confirmation.- The flight crew must confirm that the correct procedure has
been selected. This procedure includes the confirmation of waypoint sequence, the rationality of
track angles and distances, and any other parameter that can be modified by the pilot, such as
altitude and speed constraints. A procedure must not be used if validity of the navigation database
is in doubt. A navigation system text display or a navigation map display can be used.

Track deviation monitoring.- Pilots must use a lateral deviation indicator, an FD and/or an AP in
lateral navigation mode during RNP AR APCH procedures. Pilots of aircraft with lateral deviation
indicators must ensure that indicator scaling (full-scale deflection) is suitable for the navigation
precision associated with the various segments of the RNP AR APCH procedure.
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All pilots are expected to maintain centre line procedures, as outlined in on-board lateral deviation
indicators and/or in the flight guidance, during all RNP operations, unless authorized by the ATC to
deviate or under emergency conditions.

For normal operations, the cross-track error/deviation (the difference between the path estimated
by the RNP system and the aircraft position relative to the path) shall be limited to + % the
navigation precision associated with the procedure segment.

Small lateral deviations from this requirement (e.g., overshooting or undershooting the limit) during
or immediately after a turn are allowed, up to a maximum of 1 times (1xRNP) the navigation
precision of the procedure segment.

The vertical deviation must be within 75 ft during the final approach segment. Lateral deviations
shall be monitored above and below the glide path (GP). While being above the glide path
provides a margin over the obstacles during the final approach, it can result in the pilot deciding to
do a go-around closer to the runway, which reduces obstacle clearance during the missed
approach.

Pilots must execute a missed approach if lateral deviation exceeds 1xRNP or if vertical deviation
exceeds 75 ft, unless the pilot has in sight the visual references required to continue the approach.

1) Some aircraft navigation displays do not incorporate lateral and vertical deviations scaled for
each RNP AR APCH operation in the primary field of view of the pilot. When using a moving
map, a low-resolution vertical deviation indicator (VDI), or a numeric deviation display, flight
crew training and procedures must ensure the effectiveness of these displays. Normally, this
implies a demonstration of the procedure with a number of trained crews and the inclusion of
this monitoring procedure in the recurrent training program for RNP AR APCH.

2)  For aircraft using a CDI for lateral path tracking, the AFM or the aircraft qualification guidance
shall indicate which navigation precision (RNP value) and operations the aircraft supports and
the effects of the operation on CDI scale. The flight crew must know the CDI full-scale
deflection (FSD) value. The avionics system can automatically adjust the CDI scale
(depending on the flight phase) or the flight crew can manually adjust such scale. If the flight
crew manually selects the CDI scale, the operator must have procedures in place and provide
training to ensure that the CDI scale selection is appropriate for the intended RNP AR APCH
operation. The deviation limit must be readily visible, considering CDI scale (e.g., full-scale
deflection).

System cross-check.- For RNP AR APCH procedures with a navigation precision of less than
0.3, the flight crew must monitor the lateral and vertical guidance provided by the RNP navigation
system to ensure that this guidance is consistent with other available data and displays provided by
an independent means.

Note.- This cross-check may not be necessary if lateral and vertical guidance systems have been developed taking into

account a hazardous (severe or major) failure condition due to false information (see Appendix 2, paragraph 3.e) and if
normal system performance supports airspace containment (see Appendix 2, paragraph 2.d).

Procedures with RF legs.- An RNP AR APCH procedure may require that aircraft be capable of
executing an RF leg to avoid terrain and obstacles. Since not all aircraft have this capability, flight
crews must know whether or not they can conduct these procedures. When flying an RF leg, flight
crew compliance with the flight path is essential to maintain the track defined on the ground.

1) If a go-around maneuver is initiated during or immediately after an RF leg, the flight crew
must be aware of the importance of maintaining the published path as closely as possible.
The operator must develop and establish operating procedures for aircraft that do not stay in
LNAV when a go-around maneuver is initiated, to ensure that the RNP AR APCH track
defined on the ground is maintained.

2) Pilots must not exceed the maximum speeds shown in Table 4-1 during the RF leg. For
example, an A 320 Category C must slow down to 160 KIAS at the final approach fix (FAF) or
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can fly as fast as 185 KIAS if using Category D minima. A missed approach prior to the
decision altitude (DA) may require a segment speed for that segment to be maintained.

Table 4-1 — Maximum speed by segment and category

Indicated Airspeed (Knots)

Segment Indicated airspeed by aircraft category
CatA | CatB CatC CatD CatE

Initial and intermediate (IAF to FAF) 150 180 240 250 250

Final (FAF to DA) 100 130 160 185 As specified in
the IAC

Missed approach (DA to MAHP) 110 150 240 265 As specified in
the IAC

Airpeed restriction* As specified in the IAC

*  Airspeed restrictions may be used to reduce turn radius regardless of aircraft category.

Temperature compensation.- For aircraft with temperature compensation capability as per
paragraph 3.a)7) of Appendix 2 to this CA, flight crews may disregard temperature limits for RNP
AR APCH procedures if the operator provides flight crews with training on the use of this capability.
Temperature compensation through the aircraft system is applicable to VNAV guidance and is no
substitute for flight crew compensating for cold temperature effects at minimum altitudes or the
decision altitude. Flight crews must be familiar with the effects of temperature compensation when
intercepting the compensated path described in documents EUROCAE ED-75B/RTCA DO-236B
Appendix H.

Altimeter setting.- Due to reduced obstacle clearance inherent to instrument RNP AR APCH
procedures, the flight crew must verify that the current local altimeter is set prior to the FAF but not
prior to the IAF. The execution of an instrument RNP AR APCH procedure requires that the current
altimeter be set for the aerodrome of intended landing. Remote altimeter settings are not allowed.

Altimeter cross-check.- Prior to the FAF, but not before the IAF, the flight crew must carry out a
cross-check of both pilot altimeters to make sure they agree within + 100 ft. If the cross-check fails,
the crew must not continue with the approach. If the avionics system provides an automatic altitude
comparison warning system for pilot altimeters, flight crew procedures shall indicate the action to
be taken in the event of an altimeter comparator warning while executing an RNP AR APCH.

Note.- This operational cross-check is not required if the aircraft system automatically compares altitudes to within 100 ft
(see paragraph 3. d)15) of Appendix 2).

VNAV altitude transitions.- The aircraft VNAV barometric system provides fly-by vertical
guidance to ensure a smooth transition when intercepting the glide path prior to the FAF. Small
vertical shifts, which may occur in a vertical constraint (e.g., in the FAF), are considered
operationally acceptable and desirable since they allow for the capture of a new or the next vertical
segment. This temporary deviation below the published minima is acceptable as long as the
deviation is limited to no more than 100 ft and is the result of a normal VNAV capture. This applies
to both “leveling” and “altitude capture” segments that follow a climb or descent or vertical climb or
beginning of a segment with descent, or when climb and descent paths with different slopes come
together.

Non-standard climb gradient.- When the operator intends to use a DA associated with a missed
approach non-standard climb gradient, it must ensure that the aircraft will be able to comply with
the climb gradient published for the expected weight (mass) of the aircraft, atmospheric conditions,
and operating procedures before conducting the operation. When the operator has performance
personnel available to determine whether its aircraft can meet the published climb gradients, such
personnel must provide information to pilots about the climb gradients that they must comply with.

Engine-out procedures.- Aircraft may demonstrate an acceptable flight technical error (FTE) with
one engine inoperative when conducting RNP AR APCH procedures. Otherwise, flight crews are
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expected to take appropriate action in case of an engine failure during an approach, so no specific
aircraft qualification is required in this case. The aircraft qualification must identify any performance
limitation in case of engine failure to support the definition of the appropriate flight crew procedures.
Operators must pay special attention to published procedures with non-standard climb gradients.

Missed approach or go-around.-

1)

2)

3)

4)

5)

Missed approach procedure requiring RNP 1.0.- Where possible, the missed approach will
require RNP 1.0. The missed approach of these procedures is similar to the missed
approach of an RNP APCH operation.

Missed approach procedures requiring RNP of less than 1.0.- When necessary, RNP
values of less than 1.0 will be used in the missed approach. For an operator to be approved
to execute these approaches, the equipage and procedures must meet the criteria
established in paragraph 6 of Appendix 2 (Requirements for missed approaches with an RNP
of less than 1.0).

In many aircraft, a change may occur in lateral navigation when TOGA is activated during a
missed approach or go-around. Also, in many aircraft, TOGA activation disconnects the AP
and FD from LNAV guidance, and the FD reverts to track-hold derived from the inertial
system. LNAYV guidance to the AP and FD shall be re-engaged as quickly as possible.

Flight crew procedures and training programs must address the impact on navigation
capability and flight guidance if the pilot initiates a go-around during a turn. In the event an
early missed approach is initiated, the flight crew must follow the approach and missed
approach tracks unless otherwise cleared by the ATC. The flight crew shall also be aware that
RF legs are designated based on the maximum true speed at normal altitudes, and initiating
an early missed approach will reduce the maneuverability margin, and will potentially make it
impractical to hold the turn at missed approach speeds.

Upon loss of GNSS updating, the RNP guidance may begin to navigate on IRU, if installed on
the aircraft, but the aircraft will begin to drift, degrading the navigation position solution.
Therefore, when RNP AR APCH missed approach operations are based on IRU autonomous
navigation, the inertial guidance can only provide RNP guidance for a specific amount of time.

Contingency procedures.-

1)

2)

Failure while en route.- The aircraft RNP capability is dependent upon operational
equipment and GNSS satellites. Before initiating the approach, the flight crew must be
capable of assessing the impact of equipment failure on the RNP AR APCH procedure and
take the appropriate corrective action. As stated in paragraph 2.c) of this appendix, the flight
crew must also be capable of assessing the impact of changes in GNSS constellation and
take appropriate corrective action.

Failure on approach.- The operator contingency procedures must cover at least the
following conditions:

(8 RNP system components failures, including those affecting lateral and vertical
deviation performance (e.g., failures of GPS sensors, AP or FD).

(b)  Loss of navigation signal-in-space (loss or degradation of external signal).
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APPENDIX 5
TRAINING PROGRAM

INTRODUCTION

The operator must provide training for key personnel on the use and application of RNP AR APCH
procedures (for example, flight crews, flight dispatchers, performance engineers, and maintenance
personnel). A full understanding of operating procedures and best practices is crucial for safe aircraft
operation during RNP AR APCH procedures. The training program must provide sufficient detail on
aircraft navigation and flight control systems to enable the flight crew to identify failures affecting their
RNP capability and apply the appropriate normal, non-normal, and emergency procedures. The required
training must include both knowledge and evaluation of skills acquired by flight crews, flight dispatchers,
performance engineers, and maintenance personnel.

a)

b)

Flight crew training.-

1)

2)

Each operator is responsible for providing flight crews with training on the specific RNP AR
APCH operations it conducts. The operator must include training on the various types of RNP
AR APCH procedures and the equipment required. Training must include a discussion of
regulatory requirements. The operator must include these requirements and procedures in its
operating and training manuals as applicable. This material must address all aspects of RNP
AR APCH procedures conducted by the operator, including the applicable operational
authorization (e.g., operational specifications (OpSpecs)). An individual must have completed
the appropriate ground and/or flight training segments before participating in RNP AR APCH
procedures.

Flight training segments must include training and verification modules representative of the
type of RNP AR APCH operations the operator conducts during airline activities. Many
operators can provide training in RNP AR APCH procedures in keeping with the training
provisions and standards established by advanced qualification programs (AQP). Operators
can also do assessments in line-oriented flight training (LOFT) and selected-event training
(SET) scenarios or in a combination of both. The required flight training modules can be
conducted in flight training devices (FTD), flight simulators, and other enhanced training
devices, as long as these training media accurately replicate operator equipment and RNP
AR APCH operations, and are CAA-approved.

Qualification training for LAR 91, 121, and 135 flight crews.-

1)

2)

Operators must refer to RNP AR APCH training and qualification modules during initial,
transition, upgrade, recurrent, discrepancy, re-qualification, and autonomous (self-teaching)
training, in keeping with the approved training programs. The skill of each pilot to understand
and properly use RNP AR APCH procedures will be assessed based on qualification
standards (initial RNP AR APCH assessment). The operator must also develop recurrent
qualification standards to ensure its flight crews properly maintain their knowledge of, and
proficiency in RNP AR APCH operations (RNP AR APCH recurrent qualification).

Operators may address RNP AR APCH topics separately or integrated with other curriculum
elements. For example, a flight crew qualification may focus on a specific aircraft during
transition, upgrade, or discrepancy courses. General training must also address RNP AR
APCH qualification (e.g., during recurrent training or verification events such as proficiency
checks (PC), proficiency training (PT), line-oriented evaluations (LOE), or special-purpose
operational training (SPOT)). A separate, independent RNP AR APCH qualification program
can also address RNP AR APCH training (e.g., by completion of a special RNP AR APCH
curriculum at an operator training centre or designated crew bases).
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3) Credit for using the approved RNP training program of an operator in service.-
Operators intending to receive credit for RNP training, when their proposed program relies on
previous RNP training (for example, special instrument approach procedures (IAPs)), must
receive specific authorization from their principal operations inspector (POIl). In addition to the
current RNP training program, the operator must provide training on discrepancies between
the existing training program and RNP AR APCH training requirements.

4)  Flight dispatcher training.-
(@)  Training for flight dispatchers must include:
(1) training on the different types of RNP AR APCH procedures;

(2) the importance of specific navigation and other equipment during RNP AR APCH
operations, and regulatory RNP AR APCH procedures and requirements.

(b)  Flight dispatcher procedures and training manuals must include the requirements of
paragraph (a) above.

(c)  Training must also cover all aspects of RNP AR APCH operations conducted by the
operator, including applicable authorizations (e.g., OpSpecs, operations manual, LOA).

(d) A dispatcher must have completed the appropriate training course before participating
in RNP AR APCH operations.

(e) Additionally, dispatcher training must address how to determine:
(1) RNP AR APCH availability (taking into account equipment capabilities);
(2) MEL requirements;
(3) aircraft performance; and
(4) navigation signal availability (e.g., GPS RAIM, RNP capability predictive tools) for
destination and alternate aerodromes.

2. GROUND TRAINING SEGMENTS

The ground segment of the RNP AR APCH training program must include modules addressing the
following subjects during the initial introduction of RNP AR APCH operations and systems for flight crews.
For recurrent training programs, the training curriculum needs only to review the initial curriculum
requirements and address new, revised, or emphasized aspects of RNP AR APCH operations.

a) General concepts of RNP AR APCH operations.- RNP AR APCH academic training must
address the theory behind RNP AR APCH systems to the extent appropriate to ensure proper
operational use. Flight crews must understand the basic operational concepts of RNP AR APCH
systems, its classifications and limitations. Training must include general knowledge and
operational application of instrument RNP AR APCH procedures. This training module must
address the following specific elements:

1) definition of RNAV, RNP, RNP AR APCH,;
2) the difference between RNAV and RNP;
3) the types of RNP AR APCH procedures and familiarity with the charts for these procedures;

4) RNP programming and display and aircraft-specific displays (e.g., current navigation
performance);

5) how to enable and disable RNP-related navigation updating modes;

6) the appropriate navigation precision for the different flight phases and RNP AR APCH
procedures, and how to select it (if required);
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7) the use of GPS RAIM (or equivalent) forecasts and the effects of RAIM availability on RNP
AR APCH procedures (flight crews and dispatchers);

8) when and how to terminate RNP navigation and transfer to traditional navigation due to loss
of RNP and/or the required equipment;

9) how to determine database validity and whether it contains the required navigation data for
using waypoints;

10) explanation of the different components that contribute to the total system error and their
characteristics (e.g., the effect of temperature on barometric vertical navigation (baro-VNAV),
drift characteristics when using IRU with no radio updating);

11) Temperature compensation. Flight crews operating avionics systems with a compensation
function may disregard temperature limits on RNP AR APCH procedures if the operator
provides flight crew training on the operation of such function and crews use the function.
The training must indicate that temperature compensation through the aircraft system is
applicable to VNAV guidance and is not a substitute for flight crew compensating for cold
temperature effects on minimum altitudes or the decision altitude.

Note 1.- Pilots are responsible for all low (cold) temperature corrections required at all published minimum
altitudes/heights. This includes:

> altitudes/heights for initial and intermediate legs;
> the DA/H; and
> subsequent missed approach altitudes/heights.

Note 2.- The VPA of the final approach path is protected against the effect of low temperatures by the procedure
design.

ATC communications and coordination for conducting RNP AR APCH operations.- Ground
training must instruct the flight crew on flight plan classification, any ATC procedure applicable to
RNP AR APCH operations, and the need to advise ATC immediately when the performance of the
aircraft navigation system is no longer suitable to support continuation of an RNP AR APCH
procedure. The flight crew must know that navigation sensors are part of the basis for RNP AR
APCH compliance, and must be capable of assessing the impact of failure of any avionics
equipment or ground navigation systems and services on flight plan compliance.

RNP AR APCH equipment components, controls, displays, and alerts.- Academic training
must cover RNP terminology, symbols, operation, optional controls, and display features, including
aspects that are specific to the operator implementation or systems. Training must address
applicable alerts and limitations. Flight crews and dispatchers should achieve full understanding of
the equipment used in RNP operations and any limitations on the use of the equipment during
these operations.

AFM operating procedures and information.- The AFM or other evidence of aircraft eligibility
must address normal and non-normal flight crew operating procedures, responses to failure alerts,
and any limitation, including information related to RNP modes of operation. Training must also
address contingency procedures for loss or degradation of RNP capability. The accepted or
approved operations manuals, including the aircraft operations manual (AOM/FCOM) and the pilot
operations handbook (POH), must contain this information in the corresponding sections.

MEL provisions.- Flight crews must have a full understanding of MEL requirements supporting
RNP AR APCH operations.

FLIGHT TRAINING SEGMENTS

In addition to academic training, flight crews must receive appropriate operational training. Training
programs must address the proper execution of RNP AR APCH procedures according to the
documentation of the original equipment manufacturer (OEM). The operational training must include
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RNP AR APCH procedures and limitations, standardization of cockpit electronic display configuration
during an RNP AR APCH procedure, recognition of aural warning signals, alerts, and other annunciations
that can affect compliance of an RNP AR APCH procedure, and timely and effective responses to loss of
RNP AR APCH capability in a variety of scenarios embracing the breadth of RNP AR APCH procedures
that the operator plans to execute. Flight training may use approved FTDs or flight simulators. This
training must include the following specific elements:

a)

b)

c)

d)

e)

)

h)

0)
p)
Q)
y

s)

procedures for verifying that each pilot altimeter has a valid setting before initiating the final
approach in an RNP AR APCH procedure, including any operational limitations associated with the
source(s) for altimeter setting and the latency of checking and setting the altimeters upon
approaching the FAF;

use of RADAR, EGPWS (TAWS), or other avionics systems to support track monitoring and
avoidance of obstacles and adverse weather by the flight crew;

the effect of wind on aircraft performance during RNP AR APCH procedures and the need to
remain within the containment area, including any operational limitations due to wind, and the
essential aircraft configuration to safely complete an RNP AR APCH procedure;

the effect of ground speed on compliance with RNP AR APCH procedures, and bank angle
constraints that hinder the ability to remain on the centre line of the course;

the relationship between RNP and the appropriate line of approach minima on a published RNP AR
APCH procedure, and any operational limitation if the available RNP degrades o is not available
prior to the approach (this includes flight crew procedures outside the FAF versus inside the FAF);

complete and concise flight crew briefings on all RNP AR APCH procedures and the important role
cockpit resource management (CRM) plays on successfully completion of an RNP AR APCH
procedure;

data insertion alerts and use of a wrong navigation precision for a desired segment of an RNP AR
APCH procedure;

performance requirements for coupling the AP/FD to the navigation system lateral guidance on
RNP AR APCH procedures requiring an RNP of less than 0.3;

the importance of aircraft configuration to ensure that it maintains any required speed during RNP
AR APCH procedures;

the events that trigger a missed approach when using aircraft RNP capability;
any bank angle constraint or limitation on RNP AR APCH procedures;

the potentially detrimental effect of reducing flap setting, reducing the bank angle, and increasing
airspeed on the ability to comply with an RNP AR APCH procedure.

the knowledge and skills required by the flight crew to properly conduct RNP AR APCH operations;

the programming and operation of the FMC, AP, auto-throttles, RADAR, GPS, INS, EFIS (including
a moving map), and EGPWS (TAWS) in support of RNP AR APCH procedures;

the effect of activating TOGA during a turn;
FTE monitoring and its effect on go-around decision and execution;
loss of GNSS during a procedure;

performance aspects associated with reversal to radio position updating, and limitations on the use
of DME and VOR updating;

flight crew contingency procedures for loss of RNP capability during a missed approach. Due to
lack of navigation guidance, training must emphasize the contingency actions that the flight crew
must take to achieve separation from the ground and obstacles. The operator must tailor these
contingency procedures to the specific RNP AR APCH procedures;



B

a)

b)

SAM/IG/3
WP/17
B-33

as a minimum, each pilot must complete two RNP AR APCH procedures using the unique
characteristics of the approved procedures of the operator (e.g., RF legs, loss of RNP). One
procedure must culminate in a transition to landing and another procedure must culminate in the
execution of an RNP missed approach procedure.

EVALUATION MODULE

Initial evaluation of RNP AR APCH procedures and knowledge.- The operator will evaluate the
knowledge that each member of the flight crew has with respect to RNP AR APCH procedures
before they use these procedures. As a minimum, this must include a complete evaluation of pilot
procedures and the specific performance requirements for RNP AR APCH operations. An
acceptable means for this initial evaluation includes one of the following:

1) An evaluation by an authorized instructor evaluator or an operator inspector, using an
simulator or training device.

2)  An evaluation by an authorized instructor evaluator or an operator inspector during on-line
operations, training flights, proficiency check (PC) or proficiency training (PT) events,
operational experience (OE), en-route checks and/or on-line checks.

3) Line-oriented flight training (LOFT)/line-oriented evaluation (LOE).- LOFT/LOE training
programs using an approved simulator that incorporates RNP operations with the unique RNP
AR APCH characteristics (e.g., RF legs, loss of RNP) of the approved procedures of the
operator.

Specific elements of the evaluation module.- The specific elements that must be included in the
evaluation module are:

1) Demonstrate the use of any RNP limits/minima that might affect various RNP AR APCH
operations.

2) Demonstrate the application of position radio updating procedures, such as enabling and
disabling FMC ground-based radio updating (e.g., DME/DME and VOR/DME updating), and
knowledge of when to use this feature. If aircraft avionics does not include the capability of
disabling radio updating of the position, then training must ensure the flight crew is capable of
adopting operational measures to mitigate the lack of this feature.

3) Demonstrate the ability to monitor the lateral and vertical flight paths relative to the
programmed flight path, and complete the appropriate flight crew procedures when exceeding
an FTE lateral or vertical limit.

4) Demonstrate the ability to read and interpret a RAIM (or equivalent) forecast, including
forecasts predicting RAIM unavailability.

5) Demonstrate how to properly configure the FMC, the weather RADAR, EGPWS (TAWS), and
the moving map for the various RNP AR APCH operations and scenarios that the operator
intends to implement.

6) Demonstrate the use of flight crew briefings and checklists for RNP AR APCH operations,
with emphasis on CRM.

7) Demonstrate knowledge and skills to conduct an RNP AR APCH missed approach procedure
in a variety of operating scenarios (e.g., loss of navigation or failure to obtain visual
conditions).

8) Demonstrate speed control during segments requiring speed restrictions to ensure
compliance with the RNP AR APCH procedure.

9) Demonstrate proficient use of instrument approach charts (IAC), briefing cards, and
checklists.
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10) Demonstrate the ability to complete a stable RNP AR APCH procedure: bank angle, speed
control, and staying on the centre line of the procedure.

11) Know the operational limit for deviations below the desired flight path on an RNP AR APCH
procedure and how to precisely monitor the aircraft position relative to the vertical path.

RECURRENT TRAINING ON RNP AR APCH KNOWLEDGE AND PROCEDURES

RNP AR APCH recurrent training.- In its training program, the operator must incorporate
recurrent RNP training and evaluation covering the unique characteristics of RNP AR APCH
operations with respect to the approved procedures.

Each pilot must fly a minimum of two RNP AR APCH procedures in each duty position (pilot flying
the aircraft (PF) and pilot monitoring the aircraft (PM)), with one approach culminating in a
complete landing and one culminating in a missed approach.

Note.- Equivalent RNP approaches may be credited toward compliance of the requirement for two RNP AR APCH
procedures.
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APPENDIX 6
RNP AR APCH MONITORING PROGRAM

The operator must have an RNP AR APCH monitoring program to ensure continued

compliance with the guidelines of this AC and to identify any negative performance trends. As a minimum,
the monitoring program will include the following activities: During the provisional approval, the operator
must submit the following information every 30 days to the authority that issued the authorization.
Subsequently, it will continue collecting information and periodically reviewing it to identify potential safety
risks. It will also maintain a summary of the processed information.

a) Total number of RNP AR APCH procedures executed.

b) Number of satisfactory approaches per aircraft and system (they are considered satisfactory if
completed as planned without any anomalies in the navigation or guidance system).

C) Reasons for unsatisfactory approaches, such as:

1)

2)
3)
4)
5)
6)

UNABLE REQ NAV PERF, NAV ACCUR DOWNGRAD, or other messages activated during
the approach;

Excessive lateral or vertical deviation;
EGPWS (TAWS) warning;
Disconnection of the AP system);
Navigation data errors; and

Reports of anomalies by the pilot.

d) Comments by the crew.
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APPENDIX 7

REQUIREMENTS FOR OBTAINING RNP AR APCH AUTHORIZATION

In order to obtain operational approval, the operator will take the following steps, taking into account the
criteria established in paragraphs 7, 8, 9, and 10 and in Appendices 2, 3, 4, 5, 6, 8, and 9 to this AC.

a) Airworthiness approval.- Aircraft shall have the corresponding airworthiness approvals as established
in paragraphs 8 and 9 of this AC.

b) Application.- The operator shall submit the following documentation to the CAA:

1)
2)

3)

4)

5)

6)

7

8)

9)

10)

11)

The application for RNP AR APCH operational approval.

Aircraft qualification documentation.- The documentation of the manufacturer demonstrating
that the proposed aircraft equipment meets the requirements of this AC as described in
Appendix 2. This documentation shall contain hardware and software requirements, procedural
requirements, and limitations.

Type of aircraft and description of aircraft equipment to be used.- The operator will provide a
configuration list with details of the relevant components and the equipment to be used in the
operation. The list shall include each manufacturer, model, and version of software installed in
the FMS.

Operational procedures and practices.- The operator manuals must properly describe the
characteristics of the intended area of operation and operational (navigation) practices and
procedures identified in Appendix 4 to this AC. LAR 91 operators shall confirm that they will
operate using identified practices and procedures.

Navigation data validation program.- The details of the navigation data validation program are
described in Appendix 3 to this AC.

Flight crew training program.- According to Appendix 5 to this AC, operators must submit the
training syllabi and other appropriate teaching material to demonstrate that operations have
been incorporated into their programs. Training programs must properly address the special
characteristics of the intended area of operation and (navigation) operational practices and
procedures identified in Appendix 4 to this AC.

Flight simulator training.- Operators must submit a description of the training to be provided
using simulation, the credits to be granted to simulation, the simulator qualification, and how this
training will be used for on-line pilot qualification. Normally, this training will be included in the
flight crew training program.

Training programs for dispatchers and flight trackers.- Operators will submit the training syllabi
and other appropriate teaching material to demonstrate that this personnel has been
incorporated into its programs as established in Appendix 5 to this AC.

Operation manuals and checklists.- Operators will submit the operation manuals and checklists
containing information and guidance for the operations requested.

Maintenance procedures.- The operator will submit the maintenance procedures containing
airworthiness and maintenance instructions for the systems and equipment to be used in the
operation and the syllabus for the training required for maintenance personnel. The operator
will provide a procedure for withdrawing and then restoring RNP AR APCH operational
capability on the aircraft.

RNP AR APCH monitoring program.- The operator must submit a program for collecting data
on executed RNP AR APCH procedures. Each operation must be recorded and unsatisfactory
attempts must include the factors that prevented the successful completion of an operation.
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MEL.- The operator will submit any revision to the MEL that is required for the conduction of
operations.

Validation.- The operator will submit a validation test plan to demonstrate its ability to conduct
the intended operation (see Chapter 13 of Volume I, Part I, of the SRVSOP Operations
Inspector Manual (OIM)). The validation plan shall at least include the following:

(@) a statement that the validation plan has been designated to demonstrate the capability of
the aircraft to execute RNP AR APCH procedures;

(b) the operational and dispatch procedures of the operator;
(c) the effectiveness of the operator training program;
(d) the effectiveness of maintenance procedures; and

(e) MEL procedures.

Note 1.- The validation plan shall benefit from ground training devices, flight simulators, and aircraft demonstrations. If
validation is done on board an aircraft, it must be done during in daytime and in VMC.

Note 2.- Validations may be required for each manufacturer, model and version of software installed in the FMS.

Conditions or limitations necessary or required for authorizations.- The operator will submit any
condition or limitation necessary or required for the authorizations.

Flight operational safety assessment (FOSA).- The operator will submit the methodology and
process developed.

Training.- Once the amendments to the manuals, programs, and documents submitted have been
accepted or approved, the operator will provide the required training to its personnel.

Validation flights.- Validation flights will be conducted in keeping with paragraph b) 13) above.

Issuance of provisional authorization to conduct RNP AR APCH operations.- Once the operator has
completed the operational approval process, the CAA will issue the provisional authorization for the
operator to conduct RNP AR APCH operations.

1)

2)

LAR 91 operators.- For LAR 91 operators, the CAA will issue a letter of acceptance (LOA)
containing a provisional authorization to conduct RNP AR APCH operations according to the
guidelines of this AC.

LAR 121 and/or 135 operators.- For LAR 121 and/or LAR 135 operators, the CAA will issue the
corresponding OpSpecs reflecting the RNP AR APCH provisional authorization.

Issuance of final approval.- The CAA will issue the amended OpSpecs or the amended LOA
authorizing the use of the lowest applicable minima, once the operators have satisfactorily completed
the time period and the number of approaches required by the CAA, in keeping with paragraph 9.1 of
this AC.
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APPENDIX 8
RNP AR APCH Approval Process
a) The RNP AR APCH approval process encompasses the airworthiness and the operational

b)

c)

d)

e)

)]

h)

approval. Although the two have different requirements, they must be considered within the same
process.

This process constitutes an orderly method used by CAAs to ensure that applicants meet the
established requirements.

The approval process is made up by the following phases:

1) Phase one: Pre-application

2) Phase two: Formal application

3) Phase three: Review of documentation

4)  Phase four: Inspection and demonstration
5) Phase five: Approval

In Phase one - Pre-application, the CAA meets with the applicant or operator (pre-application
meeting), who is advised of all the requirements it must meet during the approval process.

In Phase two - Formal application, the applicant or operator submits the formal application,
accompanied by all the relevant documentation, in keeping with Appendix 7 to this AC.

In Phase three - Review of documentation, the CAA evaluates the documentation and the
navigation system to determine their admissibility and the approval method to be applied with
respect to the aircraft. As a result of this review and evaluation, the CAA may accept or reject the
formal application together with the documentation.

In Phase four - Inspection and demonstration, the operator will train its personnel and implement
the validation plan.

In Phase five - Approval, the CAA issues the RNP AR APCH provisional authorization once the
operator has met the airworthiness and operational requirements. For LAR 121 and 135 operators,
the CAA will issue the OpSpecs, and for LAR 91 operators, it will issue an LOA.



SAM/IG/3
WP/17
B-39

APPENDIX 9
FLIGHT OEPRATIONAL SAFETY ASSESSMENT (FOSA)
1. INTRODUCTION

The objective of RNP AR APCH procedures is to provide safe flight operations. Traditionally, safety has
been defined by a target level of safety (TLS) and specified as a collision risk of 107 per approach. For
RNP AR APCH operations, a different methodology, known as flight operational safety assessment
(FOSA) is used. The FOSA is intended to provide a safety level that is equivalent to the traditional TLS.

With the FOSA, the safety objective is met by taking into account more than just the aircraft navigation
system. The FOSA combines quantitative and qualitative analyses and evaluations of the navigation
systems, aircraft systems, operational procedures, hazards, failure mitigations, normal, rare-normal and
non-normal conditions, and the operational environment.

The FOSA relies on aircraft qualification, operational approval, and instrument procedure design criteria
to address mostly the general technique, procedures and factors of the process. Additionally, operational
expertise, technique and experience are required to conduct and complete the FOSA.

This appendix provides an overview of hazards and mitigations to assist States in applying these criteria.
Safety of RNP AR APCH operations rests with the operator and the air navigation service provider
(ANSP), as described in this appendix.

A FOSA must be conducted for RNP AR APCH procedures when the specific aircraft characteristics,
operational environment, obstacles, etc., warrant the conduction of an additional assessment to ensure
that safety objectives are met. This assessment must give proper attention to the inter-dependence of
design, aircraft capability, crew procedure, and operational environment elements.

The FOSA is a key part of the operational authorization for RNP AR APCH procedures. This
methodology is associated with a specific type of aircraft or a specific performance, and may be applied
to a demanding environment.

2. BACKGROUND

a) La FOSA is used to make a safety case for RNP AR APCH operations. This methodology was
developed in response to the following factors:

1) System and aircraft certification and demonstration to determine their performance and
capabilities are related to rules and criteria in force at a given point in time. This condition
establishes a safety basis for aircraft operations. As a result, the aircraft is known to be safe
if related to known airspace types, operations, and infrastructures.

2) Throughout time, operators and ANSPs have developed new and novel operational solutions
to the problems or limitations encountered in general flight operations.

3) The implementation of new and novel procedures allows aircraft and systems to operate in a
way that varies from the original design and aircraft capability approvals.

4) In some cases, a new application or operational procedure exposes the aircraft to failures and
hazards that were not considered in the basic system design and in the approval.

5) Normally, airworthiness guidelines cannot keep pace with the new and original operational
applications. The FOSA helps to address this issue.

b) The significant difference between the FOSA and other safety analysis tools is that this
methodology applies a technical judgment based on combined qualitative and quantitative
assessments of aircraft and flight operations. This means that the FOSA is not a safety analysis, or
a risk analysis, or a risk model.
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While the FOSA must consider risk estimates and exposures due to specific hazards and failures,
the main aspect of the assessment is confidence on the technical judgment to determine
acceptable mitigations for hazards or failures.

Although the FOSA has recently been formalized as a process in connection with RNP AR APCH
operations, it has been extensively applied to assess particular cases, like the operations of a
customer whose procedure design may significantly differ from the standard, and where there is a
significant dependence on aircraft capability and performance. What the FOSA really offers is a
process that repeats itself and a high level of standardization of case considerations and
conditions.

DOCUMENTATION RELATED TO THE FOSA AND RNP AR APCH OPERATIONS

The FOSA is part of the total data package that must be compiled or created when an operator wishes to
obtain an operational approval for RNP AR APCH procedures. Most of the aspects of the following RNP
AR APCH package must be compiled or at least defined before conducting the FOSA.

a)
b)
c)
d)
e)
f)
9)
h)
i)
)
k)
)

*Aircraft capability and qualification;

Design of procedures, airspace, and intended operations;

Identification of non-standard aspects of procedure design;
*|dentification of any special aircraft capability or performance requirements;
Description of the aerodrome and operation in the airspace;

Air traffic environment and operations;

*Maintenance process and procedures;

*Dispatch guidance and procedures;

*Training (flight crews, operations, air traffic, dispatch, recurrent training);
*Flight crew procedures;

*AR operations monitoring program; and

*Minimum equipment list

Most of the material with an asterisk (*) may have been developed to support aircraft type design or as
part of the operational approval. In any case, specific acceptable means of compliance have been
developed in this AC or in equivalent documents, like FAA AC 90-101 and AMC 20-26.

4,

THE FOSA PROCESS

The FOSA process depends on the following factors:

a)

b)

a group of experts that includes;

1) the operator (flight operations, dispatch, maintenance, inspectors, safety, quality system,
etc.),

2) air traffic services (ATC controller, airspace planner, principal operations inspectors, safety
management, etc.);

3) regulators; and
4)  experts on aircraft and system technical support.
a process leader capable of facilitating the guiding the review;

access to, or direct knowledge of the information required in paragraph 3; and
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the process steps described in Table 9-1 — FOSA Process Steps:
Table 9-1 — FOSA Process Steps

Identify FOSA Data

1 }

Aircraft/System Determine Exposure/Risk

Procedure Design l
AR Aspects of Ops

ATC/Airport Environment

Maintenance/Dispatch l

Training Review FOSA hazards and
mitigations for acceptability

Define Hazard Mitigation

Crew Procedures
Monitoring Program

inal FOSA & Revised
Ops, Procedures, etc

Assess operations for Gaps and
Hazards

FOSA PREPARATION

As documents and the data package are being organized and developed, the operator must review
specific data or relevant information for the FOSA, including some of the following aspects:

a)
b)

c)

d)

)
h)

6.

6.1

What are the operational requirements or objectives?
What is the operational environment?

How do the aircraft operational and functional capabilities conform to procedure design
requirements?

What specific system performance assessments and analyses have been performed to support
aircraft qualification?

Are services and infrastructure suitable for the RNP AR APCH operation?
What RNP training is currently provided to flight crews and ATC?
What are the flight crew procedures for RNP operations?

How are RNP navigation specifications incorporated into ATS operations?
FLIGHT OPERATIONAL SAFETY ASSESSMENT (FOSA)

General.-

As part of the application package of the operator for RNP AR APCH operations, the FOSA shall contain:

a)
b)
c)
d)
e)
f)
6.2

An introduction or overview;

A description of the safety assessment process and criteria used;

A description of the system and of the RNP AR APCH operation assessed;
The identification of risk areas, hazards and severity;

Mitigation of risks; and

Conclusions and recommendations.

Assessment criteria.-
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The FOSA shall identify the specific conditions or hazards associated with the aircraft, aircraft
performance, navigation services, ATC, flight crew, operations of the operator, procedures, etc. In
many cases, the total package of identified potential hazards will include many of the hazards
already identified through aircraft certification, operator procedures, and air traffic operations.

Some times, the FOSA may contain several of the hazards contemplated in the aircraft system
safety analysis. In this case, the assessment helps to make the safety case rather than to re-
analyze aircraft airworthiness. Additionally, this reduces the probability of multiple mitigations for a
risk that requires a single mitigation.

The FOSA applies the qualitative technique and operational experience, as well as technical
judgment and relevant data availability. The assessment of findings regarding risk severity and
likelihood shall follow the criteria contained in Table 9-2 — Risk severity and likelihood of success,
which is based on ICAO Doc 9859 — Safety Management Manual.

Table 9-2 — Risk Severity and Likelihood of Occurrence

Risk Severity Likelihood of Occurrence
Level Probability
Catastrophic | Equipment destroyed Frequent Likelihood of

. . occurring many times
Multiple casualties 9 y

Hazardous Significant reduction of safety margins, | Occasional | Likelihood of
physical suffering or workload such that occurring some times
there can be no confidence in the
operators precisely or fully performing
their tasks. Several casualties or
seriously injured. Significant damage to
the equipment.

Significant | Significant reduction of safety margins, Remote Not very likely, but
(Major) reduction of operator ability to face possible.
adverse operational conditions due to
an increased workload or conditions
hindering efficiency. Serious incident.
Injured individuals.

Of little Nuisance. Operational limitations. Use Unlikely Its occurrence is very
importance | of emergency procedures. Minor unlikely.
(Minor) incident.
Negligible | Of little consequence. Extremely Its occurrence is
unlikely almost

unconceivable.

It is important to note that a risk assessment cannot be assumed to be always the same in each
FOSA. A failure or condition considered as “major/unlikely” for an aircraft, procedure, and
operational environment could be easily considered as “hazardous/remote” for another aircraft,
procedure, and operational environment.
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The following conditions are examples of the most significant hazards and mitigations associated to
a specific aircraft, operational criterion, and RNP AR APCH operational procedures.

Aircraft.-

1)

2)

This area of the FOSA is derived from the safety analysis of aircraft systems, the
documentation describing the system, and operational experience. The aspects to consider
are as follows:

(@) Failure of the following systems:
> navigation;
> flight guidance;

> flight instruments for approach, missed approach or departure (for example, loss
of GNSS updating, receiver failure, auto-pilot disconnect, FMS failure, etc.).

Note.- Depending on the aircraft, this may be addressed in the aircraft design and operational procedures as
cross-check guidance (e.g., dual equipment for lateral errors, use of EGPWS/TAWS).

(b)  Malfunction of altimetry or air data systems.- The risk can be mitigated through a cross-
check procedure between two independent systems.

The FOSA must also consider normal, rare-normal, and non-normal conditions.

(@ Normal performance.- Lateral and vertical precision and RNP performance are
addressed in aircraft requirements, in the aircraft itself, and in the systems normally
operated in standard configurations and operating modes, while individual error
components are monitored through the design system and crew procedures.

(b) Rare-normal and non-normal performance.- RNP lateral and vertical precision is
assessed through system failures, as part of aircraft qualification. Additionally, other
rare-normal and non-normal conditions, as well as ATC operating conditions, flight
crew procedures, NAVAID infrastructure, and the operational environment are also
assessed with respect to RNP or 2xRNP, as appropriate. When the results of a failure
or condition are not acceptable for continued operations, mitigations must be
developed or limitations established for the aircraft, flight crew and/or operation.

Aircraft performance.-

1)

2)

3)

The RNP AR APCH procedure design criteria are linked to general aircraft performance. The
result may be conservative in terms of performance margins, depending on the aircraft and
the systems that have been assessed. These are the specific parameters that shall be
assessed for the deviation as they relate to those in the procedure design, such as bank
angle limit, climb, high altitude performance, etc.

Inadequate performance to conduct the approach.- The initial aircraft qualification and
operational procedures ensure an adequate performance on each approach, as part of flight
planning and to initiate or continue the approach. Consideration shall be given to aircraft
configuration and any configuration change associated with a go-around (e.g., engine failure,
flap retraction).

Loss of engine.- Loss of an engine while conducting an RNP AR APCH procedure is a rare
occurrence due to high engine reliability and the short exposure time during the approach.
Operators are expected to develop flight procedures and training allowing them to take
appropriate action to mitigate the effects of a loss of engine through a go-around and taking
manual control of the aircraft, if necessary.
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C) Navigation services.-

1)

The use and availability of navigation services are critical in RNP AR APCH applications,
where small RNP values are required for the approach and possible extraction maneuvers.
Multi-sensor navigation systems must be assessed as to use and selection of sensors. The
following must be considered:

(@)

(b)

Use of NAVAIDs outside of their designated coverage or in test mode. Aircraft
requirements and operational procedures have been developed to mitigate this risk.

Navigation database errors.- Procedures must be validated through a validation flight
specific to the operator and aircraft, and the operator must have a process defined to
maintain validated data through navigation database updates.

Note.- Navigation database assurance is covered by the letters of authorization issued by the CAAs to

database manufacturers, which must be combined with operator procedures to ensure that the correct and
updated databases are installed on the aircraft.

d) ATC operations.-

1)

Frequently, the ATC is not involved in the implementation of RNP AR APCH operations until it
is too late. An early revision of ATC operational aspects is critical to enable RNP AR APCH
procedures. In this sense, the following must be considered:

(@)

(b)

Procedures assigned to an aircraft that is not RNP AR APCH capable: Operators are
responsible for not accepting the authorization.

The ATC provides vector guidance onto an approach whose performance cannot be
achieved by the aircraft: ATC procedures and training must ensure obstacle clearance
until the aircraft is established on the procedure. The aircraft shall not be guided by the
ATC over or towards a point too close to the curved segments of the procedure.

e) Flight crew operations.-

1)

Human factors in RNP AR APCH operations are related to an increased reliance on ground
and air automation to reduce human error exposure and incidents. However, since human
action and interaction are required, at least the following must be considered:

(@)

(b)

(©)

(d)

()

(f)

Incorrect barometric altimeter setting: Is there a flight crew entry and check procedure
to mitigate this risk?

Incorrect procedure selection or loading.- Is there a flight crew procedure to verify that
the loaded approach corresponds to the published procedure? Is there an on board
display requirement?

Incorrect flight control mode selection: Is there any training on the importance of the
flight control mode, and an independent procedure to monitor an excessive path
deviation?

Incorrect RNP selection: Is there a flight procedure to check if the RNP loaded on the
system corresponds to the published value?

Go-around and missed approach: Assess the risk of a balked approach at or below the
DA (H). Note that this does not respond to procedure design criteria.

Unfavorable meteorological conditions: What is the risk of losing or significantly
reducing visual reference that might result in, or require a go-around, and what would
be the effect?
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Infrastructure.-

1) Support infrastructure and services are an integral part of aircraft performance: Some aspects
are already addressed in the aircraft system risk and safety analyses.

2) GNSS satellite failure: This condition is assessed during aircraft qualification to ensure that it
is possible to maintain obstacle clearance, considering the low probability of failure
occurrence.

3) Loss of GNSS signals: Relevant independent equipment (e.g., IRU) is required for RNP AR
APCH operations with RF legs and approaches where missed approach precision is less than
1 NM. Other approaches use operational procedures to approach a published track or climb
over obstacles.

4) Testing of ground NAVAIDs in the vicinity of the approach: Aircraft and operational

procedures are required to detect and mitigate this event.

Operating conditions.-

1)

Certain aspects of the aerodrome and the airspace environment are reflected on the RNP AR
APCH procedure design criteria. In this sense, the following must be considered:

(a) Tailwind conditions: Excessive speed on RF legs will result in inability to maintain the
track. This must be addressed in the aircraft requirements for command guidance
limits, inclusion of a banking maneuverability margin of 5 degrees, consideration of the
effect of speed and flight crew procedures on maintenance of speeds below the
maximum authorized speed.

(b)  Crossed wind conditions and the effect of flight technical error: Consider that a nominal
flight technical error is assessed under a variety of wind conditions, and that a flight
crew procedure to monitor and limit deviations, ensures a reliable operation.

(c) Effects of extreme temperature on barometric altitude (e.g., extreme cold temperatures,
knowledge of local meteorological or atmospheric phenomena, upper winds, severe
turbulence, etc.): The effect of this error on vertical path is mitigated by procedure
design and flight crew procedures. Aircraft that have a temperature compensation
system can conduct procedures regardless of the published temperature limit. The
effect of this error on minimum altitude segments and on the decision altitude is
addressed in an equivalent manner for all other approach procedures.

Repercussions on the proposed solutions/mitigations.-

When assessing different conditions and risks, some may fall on a range where risk or probability is
not acceptable. When reviewed by the team of FOSA experts, a range of possible solutions (e.qg.,
system design, procedures, processes, etc.) may be identified, which, turned into mitigations,
reduce the level of risk and/or risk incidence in such a way that risks can be considered acceptably
safe for RNP AR APCH operations. The following aspects must be considered:

1)

2)

Operations.-

(&) What are the repercussions/changes for ATC, dispatch, maintenance, flight procedures
(e.g., knowledge of aircraft capability, RNP equipment prediction, equipment required,
and specific checks, respectively).

Safety/risk.-

(@ How do main differences in procedure design or operational requirements associated
with aircraft or operator qualification compare (e.g., what aircraft or operator exceptions
or limitations compare to operational or procedural requirements)?
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How does the certification basis apply to intended operations? For example, are the
demonstrated performance (RNP), functionality, and capabilities, together with safety
and risk assessments equivalent or better than that required for the operation?

How are rare-normal and non-normal conditions, failures or hazards considered in the
procedure design criteria, aircraft and operator qualifications, or in the added
procedures or system checks?

How is the safe termination of the procedure or extraction affected?

General applicability in RNP AR APCH operations.-

(@)

(b)

Note.-

RNP AR APCH procedures and operational requirements differ and, thus, an applicant
must consider the effect of possible mitigations on the general use of RNP aircraft
regarding crew training, procedures, equipment, ATC interfaces, etc.

The different hazards considered in the FOSA must be summarized, together with the
associated hazards and their frequency, mitigations, and the level of the mitigated
hazard and its frequency. Significant factors and aspects shall be highlighted in the
final recommendations (see the attached example in Table 9-3 — Example of a FOSA
work sheet).

While many aspects and questions in this appendix must be considered in the FOSA methodology, this

material does not need to be included in the FOSA if reference is made in the package of the applicant.
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Table 9-3 — Example of a FOSA work sheet
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Hazard
identification

Name

Severity

Likelihood

Description

Mitigation

Severity of
the
mitigation

Frequency
of the
mitigation

Ref.
Doc.

Aircraft/system
failure

Al

Engine failure

Significant

Remote

The engine
failure can
cause loss of
separation

from the

ground.

A
performance
assessment
has been
done with a
single engine
to determine
the  specific
performance
conditions for
ABC
company. The
crews  must
conduct the
existing
single-engine
failure
procedures.

Minor

Remote

PBN
Manual
Ch 5;
5.1

A2

Failure of one
GNSS receiver

Minor

Remote

The failure of
one GPS
receiver results
in loss of
navigation
capability
redundancy.

For RNP AR
APCH
procedures,
two GNSS
receivers are
required.
Flight crew
procedures
require a go-
around upon
failure of one
GPS  within
the FAF. Crew
procedures
require a go-
around for all
failures within

Insignificant

Remote

PBN
Manual
Ch 5;
5.5
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Hazard ID Name Severity Likelihood Description Mitigation Severity of | Frequency Ref.
identification the of the Doc.
mitigation | mitigation
the FAF,
except under
visual
conditions.
A3 Incorrect flap
retraction
A4 FMC/CDU dual
failure under IMC
conditions
A5 Degradation or
loss of GPS signal
A6 Loss of all APs/
control mode
A7 Failure of two
GNSS receivers
A8 AP disconnect
A9 | Loss of equipment,
resulting in single-
system operation
A10 | Air data/altimeter
failure, resulting in
display differences
Operational El Performance
environment limited by tailwind
(e.g., physical
conditions,
airspace, and
route design)
E2 Environmental
temperature
E3 | Strong cross-winds
Operators H1 Incorrect pilot
response
H2 Poor pilot

response or pilot
error
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Hazard ID Name Severity Likelihood Description Mitigation Severity of | Frequency Ref.
identification the of the Doc.
mitigation | mitigation
Human- 11 Incorrect altimeter
machine setting due to error
interface in ATC-to-aircraft
communications
Operational P1 Temperature
procedures compensation
P2 | Balked or rejected
landing
Maintenance M1 Incorrect
procedure navigation
database
External S1 Source-altimeter
services error
S2 ATC
S3 NAVAID out of
coverage or in test
mode
S4 Lack of GNSS

satellite
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SUBJECT: APPROVAL OF AIRCRAFT AND OPERATORS FOR APPROACH
OPERATIONS WITH VERTICAL GUIDANCE/BAROMETRIC VERTICAL
NAVIGATION (APV/baro-VNAV)

1. PURPOSE

This advisory circular (AC) provides acceptable means of compliance (AMC) for the approval of aircraft
and operators for approach operations with vertical guidance/barometric vertical navigation (APV/baro-
VNAV).

An operator may use other means of compliance, provided they are acceptable to the civil aviation
administration (CAA).

Use of the future tense of the verb or the term “must” applies to an applicant or operator that chooses to
meet the criteria established in this AC.

2. RELATED SECTIONS OF THE LATIN AMERICAN AERONAUTICAL
REGULATIONS (LARs) OR EQUIVALENT

LAR 91: Section 91.880 (b) or equivalent
LAR 121: Section 121.995 (b) or equivalent
LAR 135: Section 135.565 (c) or equivalent

3. RELATED DOCUMENTS

Annex 6 Aircraft operations

Doc 9613 (final draft)  Performance based navigation manual (PBN)
Attachment A — Barometric VNAV

Doc 9905 (final draft) Required navigation performance authorization required (RNP AR) procedure
design manual

Doc 8168 Aircraft operations
Volume I: Flight procedures
Part Il, Section 4, Chapter 1 — APV/baro-VNAV approach procedures
Volume II: Construction of visual and instrument flight procedures
Part 111, Section 3, Chapter 4 — APV/baro-VNAV

AMC 20-27 Airworthiness approval and operational criteria for RNP APPROACH (RNP
APCH) operations including APV BARO-VNAY operations
FAA AC 90-105 Approval guidance for RNP operations and barometric vertical navigation in the

U.S. National Airspace System



SAM/IG/3

WP/17
C-2

4. DEFINITIONS AND ABBREVIATIONS

4.1 Definitions

a)  Vertical path angle (VPA).- Final approach descent angle published in the baro-VNAV
procedures.

b)  Decision altitude (DA) or decision height (DH).- A specified altitude or height in the precision
approach or approach with vertical guidance at which a missed approach must be initiated if the
required visual reference to continue the approach has not been established.

Note 1.- The decision altitude (DA) is referenced to mean sea level and the decision height (DH) is
referenced to the threshold elevation.

Note 2.- The required visual reference means that section of the visual aids or of the approach
area which should have been in view for sufficient time for the pilot to have made an assessment
of the aircraft position and rate of change of position, in relation to the desired flight path. In
Category Il operations with a decision height the required visual reference is that specified for
the particular procedure and operation.

Note 3.- For convenience where both expressions are used they may be written in the form
"decision altitude/height™ and abbreviated "DA/H".

c) Reference datum height (RDH).- Height of the extended glide path or of the nominal vertical
path at the runway threshold.

d) Primary field of view.- For purposes of this AC, the primary field of view is within 15 degrees of
the primary line of sight of the pilot.

e)  Approach procedure with vertical guidance (APV).- Instrument procedure in which lateral and
vertical guidance is used, but which does not meet the requirements established for precision
approach and landing operations.

f) Non-precision approach procedure (NPA).- Instrument approach procedure in which lateral but
not vertical guidance is used.

0) Precision approach procedure (PA).- An instrument approach procedure using precision lateral
and vertical guidance with minima as determined by the category of operation.

Note.- Lateral and vertical guidance refers to the guidance provided either by:
a) a ground-based navigation aid; or
b) computer-generated navigation data.
h)  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 are identified as either:
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Fly-by way-point (fly-by WPT). A way-point which requires turn anticipation to allow tangential
interception of the next segment of a route or procedure, or

Flyover way-point (flyover WPT). A way-point at which a turn is initiated in order to join the next
segment of a route or procedure.

)

K)

Initial approach fix (1AF).- Fix that marks the beginning of the initial segment and the end of the
arrival segment, if applicable. In RNAYV application, this fix is normally defined as a “fly-by fix”.

Flight management system (FMS).- Integrated system made up by an on-board sensor, a
receiver, and a computer with navigation and aircraft performance databases, capable of providing
performance values and RNAV guidance to a display and automatic flight control system.

RNAV system.- Area navigation system that allows the aircraft to operate on any desired flight
path within the coverage of ground- or airspace-based navigation aids or within the capacity limits
of autonomous aids or a combination of both. An RNAV system may be included as part of a flight
management system (FMS).

RNP system.- Area navigation system that provides on-board performance control and alert.

Vertical navigation.- A navigation method that allows the aircraft to operate on a vertical flight
profile using altimetry sources, external flight path references, or a combination of these.

Barometric vertical navigation (baro-VNAV).- A navigation system that presents the pilot
with a calculated vertical guidance taking as a reference a specified vertical path angle (VPA),
nominally 3. The computer-estimated vertical guidance is based on the barometric altitude and is
specified as a VPA from the reference datum height (RDH).

Abbreviations

AAC Civil Aviation Administration

AC Advisory circular (FAA)

AFM Aircraft flight manual

AIM Aeronautical information manual

AMC Acceptable means of compliance

AP Autopilot

APCH Approach

APV Approach procedure with vertical guidance

APV/baro-VNAV  Approach procedure with vertical guidance/Barometric vertical
navigation

AR Authorization required

ARINC Aeronautical radio, Incorporated

ASE Altimetry system error

ATC Air traffic control

baro-VNAV Barometric vertical navigation

AC Advisory circular (SRVSOP)

CFIT Controlled flight into terrain
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)] CFR

r CS

S) DA/H

) DME

u) EASA

V) EHSI

w) FAA

X) FAF

y) FAP

2) FD

aa) FMS

bb) FTD

cc) FTE

dd) GNSS

ee) Hg

) hPa

g9) HSI

hh) IAF

ii) IRU

) ISA

kk) KIAS

1)) LAR

mm) LNAV

nn) LNAV MDA
00) LOA

pp) MAPt

qq) MDA/MDH
rr) MEL

SS) NPA

tt) ICAO

uu) OCA/H

V) oM

ww) PANS-OPS
XX) PBN

yy) PA

22) PDE

aaa) PF

bbb) PM

cce) QNE

ddd) QNH

eee) RDH

ff) RNAV
999) RNP

hhh) RNP APCH
iii) RNP AR APCH
i) SBAS

C-4

US Code of Federal Regulations

Certification specifications (EASA)

Decision altitude/height

Distance measuring equipment

European Aviation Safety Agency

Enhanced horizontal situation indicator

US Federal Aviation Administration

Final approach fix

Final approach point

Flight director

Flight management system

Flight training devices

Flight technical error

Global navigation satellite system

Inches of mercury

Hectopascals

Horizontal situation indicator

Initial approach fix

Inertial reference unit

International standard atmosphere

Indicated airspeed

Latin American Aeronautical Regulations

Lateral navigation

Lateral navigation minimum descent altitude

Letter of authorization/acceptance

Missed approach point

Minimum descent altitude/height

Minimum equipment list

Non precision approach procedure

International Civil Aviation Organization

Obstacle clearance altitude/height

Operations Manual

Procedures for air navigation services - Aircraft operations
Performance-base navigation

Precision approach procedure

Path definition error

Pilot flying

Pilot monitoring

Standard atmosphere that corresponds to 1013 hPa or 29.92” Hg. This
setting indicates the altitude above the isobaric surface of 1013 hPa, if
temperature is standard

Pressure at mean sea level. This setting indicates the altitude above the
means sea level (MSL), if temperature is standard.
Reference datum height

Area navigation

Required navigation performance

Required navigation performance approach

Required navigation performance approach with authorization required
Satellite-based augmentation system
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kkKk) TCH Obstacle clearance height
1)) TSO Standard technical order
mmm) VDI Vertical deviation indicator
nnn) VNAV Vertical navigation
000) VNAYV DA Vertical navigation decision altitude
PPp) VPA Vertical path angle
qqq) WPT Waypoint
j) INTRODUCTION
51 The acceptable means of compliance of this AC are based on the use of barometric vertical
navigation (baro-VNAV).
5.2 The baro-VNAYV navigation system presents the pilot with estimated vertical guidance

referenced to a specified vertical path angle (VPA), nominally of 3° The computed vertical guide is
based on the barometric altitude and is specified as a VPA from the reference datum height (RDH).

5.3 The calculated vertical path is stored in the instrument flight procedure specification in the
database of the area navigation (RNAV) system or of the required navigation performance (RNP)
system.

5.4 For other flight phases, barometric VNAV offers vertical guidance path information that
can be defined by vertical angles or altitudes at the procedure fixes.

55 It should be noted that there is no vertical requirement in this AC associated with the use of
vertical guidance outside of the final approach segment. Therefore, vertical navigation can be
performed without VNAV guidance in the initial and intermediate segments of an instrument
procedure.

5.6 Aircraft authorised to conduct RNP approach operations requiring authorisation (RNP AR
APCH) are considered eligible for the baro-VNAYV operations described in this AC. In this sense, there
is no need for a new approval according to the criteria established in this document.

5.7 This AC establishes only criteria for using baro-VNAYV in RNP approach operations (RNP
APCH). The criteria for lateral navigation (LNAV) in RNP APCH operations are described in AC 91-
008 - Approval of aircraft and operators for RNP APCH operations.

5.8 The procedures to be established pursuant to this AC will permit the use of high-quality
vertical navigation capabilities that will improve safety and reduce the risks of controlled flight into
terrain (CFIT).

59 The material described in this AC is derived from the following documents:
v Attachment A - Baro-VNAV, Volume II, ICAO Doc 9613 - Manual on
Performance-based navigation (PBN); and
v Chapter 1 — APV/baro-VNAV Approach Procedures, Section 4, Part 11, Volume | —
Flight procedures, of ICAO Doc 8168 d— Aircraft operations (PANS-OPS).
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5.10 Inasmuch as possible, this AC has been harmonised with:

v AMC 20-27 of the European Aviation Safety Agency (EASA) - Airworthiness
approval and operational criteria for RNP APPROACH (RNP APCH) operations
including APV BARO-VNAYV operations; and

v AC 90-105 of the United States Federal Aviation Administration (FAA) - Approval
guidance for RNP operations and barometric vertical navigation in the U.S. National
Airspace System.

Note.- Notwithstanding harmonisation efforts, operators shall note the differences that

exist between this AC and the aforementioned documents when applying for an

authorisation from the corresponding Administrations.

k) DESCRIPTION OF THE NAVIGATION SYSTEM
6.1 Vertical navigation (VNAV).-

a)  In VNAV, the system allows the aircraft to fly level and to descent point to point in a vertical linear

path that is kept in the aircraft navigation database. The vertical profile will be based on altitude
limitations or VPAs, where appropriate, associated with the waypoints (WPTs) of the vertical
navigation path.
Note.- Normally, VNAV is a mode of flight guidance systems, where the RNP equipment containing
the VNAV capability has commands to provide path guidance to the flight guidance system, which
controls the flight technical error (FTE) by means of the pilot manual control in the vertical
deviation display or through flight director (FD) or autopilot (AP) coupling.

I) CLASSIFICATION OF APV/BARO VNAV APPROACH PROCEDURES

7.1 Vertical guidance/barometric vertical navigation (APV/baro-VNAV) approach procedures
are classified as instrument approach procedures for approach and landing operations with vertical
guidance (see the definition in Annex 6, Part I, to the Chicago Convention). These procedures are
published with a decision altitude/height (DA/H) and must not be confused with non-precision
procedures (NPA), where a minimum descent altitude/height (MDA/H) below which the aircraft must not
descend is specified.

7.2 The use of APV/baro-VNAV procedures improves the safety of NPA procedures, providing
a guided and stabilised descent for landing, thus avoiding an early descent to minimum altitudes.

7.3 Notwithstanding the above, the inherent inaccuracy of barometric altimeters and the certified
performance of the specific RNAV mode used, prevent the systems of these procedures from emulating
the accuracy of the systems used in a precision approach (PA). In particular, with some systems it might
not be possible to keep the aircraft within the obstacle-free surfaces of Annex 14 to the Chicago
Convention. Thus, the pilot must keep this possibility in mind when making the decision to land at the
decision altitude/height (DA/H).

7.4 In APV/baro-VNAYV approach procedures no final approach fix (FAF) or missed approach
fix (MAPY) is identified.
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75 The lateral part of APV/baro-VNAV criteria is based on non-precision RNAV criteria.
However, the FAF is not part of the APV/baro-VNAV procedure and is replaced by a final approach
point (FAP), although the RNAV FAF may be used as a final approach course fix when designing the
database. Likewise, the MAPt is replaced by a DA/H, which depends upon the category of the aircraft.

7.6 The LNAV FAF and MAPt are used for coding purposes in the baro-VNAV procedure and
are not aimed at inhibiting the descent in the FAP or restricting the DA/H.

7.7 The minimum DH for APV/baro-VNAYV is 75 m (246 ft) plus the height loss margin.
However, the operator may increase this minimum DH limit to at least 90 m (295 ft) plus a height loss
margin, when the lateral navigation system is not certified to ensure that the aircraft will be within the
inner approach surfaces, inner transitional surfaces, and balked landing surface indicated in Annex 14 to
the Chicago Convention (with the necessary extension above the inner horizontal surface, up to the
obstacle clearance altitude/height (OCA/H)) with a high degree of probability.

m) AIRCRAFT EQUIPMENT REQUIREMENTS

8.1 APV/baro-VNAV procedures are to be used by aircraft equipped with flight management
systems (FMS) or other RNAV or RNP systems capable of calculating barometric VNAV paths and,
based on these, display deviations on the instrument visual indicator.

8.2 Aircraft equipped with APV/baro-VNAV systems that have been approved by the State of
Registry for the corresponding level of lateral navigation operations (LNAV)/VNAV may use these
systems to conduct APV/baro-VNAYV approaches, provided:

a)  the navigation system has a certified performance of 0,3 NM or lower, with a 95% probability.
This includes:
1) global navigation satellite systems (GNSS) certified for approach operations;
2)  multiple-sensor systems that use inertial reference units (IRU) in combination with dual
distance measuring equipment (DME/DME) or certified GNSS systems; and
3)  RNP systems approved for operations with RNP 0,3 or lower.

b)  the APV/baro-VNAYV equipment is operational;

c) the aircraft and the aircraft systems are properly certified for the planned APV/baro-VNAV
approach operations;

d) the aircraft is equipped with an integrated LNAV/VNAYV system with an accurate source of
barometric altitude; and

e)  VNAYV altitudes and all the relevant procedural and navigation information are obtained from a
navigation database whose integrity is supported by appropriate quality assurance measures.
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8.3 In cases where LNAV/baro-VNAV procedures have been published, the approach area will
be assessed in order to identify obstacles invading the inner approach surfaces, the inner transitional
surfaces, and the balked landing surface defined of Annex 14 to the Chicago Convention. If obstacles
invade these surfaces, a restriction amounting to the minimum value of the allowed OCA/H will be
imposed.

8.4 APV/baro-VNAYV operations are based on RNAV/RNP systems that receive inputs from
equipment that may include:

a)  an air data computer: FAA Technical Standard Order (TSO)-C 106.
b)  anair data system: Aeronautical Radio, Incorporated (ARINC) 706, Mark 5 Air Data System.

c) a barometric altimetry system of the following types: DO-88 altimetry, ED-26 MPS for airborne
altitude measurements and coding systems, ARP-942 pressure altimeter systems, ARP-920 design
and installation of pitot static systems for transport aircraft.

d) integrated type-certified systems providing the capabilities of an air data system comparable to the
one described in paragraph b).

Note 1.- Position data from other sources may be integrated with the barometric altitude
information, provided they do not cause position errors exceeding the path-keeping precision
requirements.

Note 2.- The altimetry system performance will be demonstrated separately through the
certification of static pressure systems (e.g., *14 CFR 25.1325 or *CS 25.1325 or equivalent
sections, where performance must be 30 ft by 100 knots of indicated airspeed (KIAS). Altimetry
systems that meet this requirement will meet the altimetry system error (ASE) requirements for
baro-VNAV operations. Additional compliance or demonstration is not required.

*14 CFR 25.1325: Section 1325 of Part 25 of Title 14 of the United States Code of Federal
Regulations (CFR).

*CS 25.1325: Certification Specification (CS) 25.1325 of EASA certification specifications for
large aircraft (CS 25).

8.5 Functional continuity.- At least one RNAV system is required to conduct baro-VNAV
operations.

n) SYSTEM PRECISION
9.1 For instrument approach operations, it must be demonstrated that the on board VNAV

equipment error, excluding altimetry, is lower than the values described in Table 9-1, with a probability
of 99.7%.
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Table 9-1

Level flight segments and altitude | Climbs/descents along the
interception region of | specified vertical profile (angle)
climbs/descents at specific
altitudes (ft)
(ft)

At or above 5 000 ft 50 100

5000 ft to 10 000 ft 50 150

Above 10 000 ft 50 220

Note.- The VNAV equipment error is the error associated with the calculation of the vertical path. This
includes the path definition error (PDE) and an approach performed by the VNAV equipment from the
construction of the vertical path, if any.

9.2 Vertical flight technical errors (FTE).- Using satisfactory displays of vertical guidance
information, it must be demonstrated that the flight technical errors are below the values shown in Table
9-2, based on three sigmas:

Table 9-2
Level flight segments and | Climbs/descents along the
climb/descent altitude interception | specified vertical profile (angle)
region at specific altitudes
(1) (1)
At or above 5 000 ft 150 200
5000 ft to 10 000 ft 240 300
Above 10 000 ft 240 300
9.3 Regarding the facility, a sufficient number of test flights should be conducted to verify that

these values could be maintained. Lower FTE values can be achieved, especially when the VNAV
system is coupled to an AP or FD. However, at least the total system vertical precision shown in Table 9-
3 must be maintained.

9.4 If a facility produces higher FTEs, the total vertical error of the system (excluding altimetry)
can be determined by combining the FTEs with the equipment errors using the root sum square method.
The result shall be lower than the values listed in Table 9-3:

Table 9-3

Level flight segments and the | Climbs/descents along the
climb/descent interception | specified vertical profile (angle)
region at specific altitudes
(ft) (ft)

At or above 5 000 ft 158 224

5 000 ft to 10 000 ft 245 335

Above 10 000 ft 245 372
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The approval of the VNAYV system, in keeping with FAA AC 20-129, and the approval of the

altimetry system in keeping with FAR/CS/LAR 25.1325 or equivalent, constitute acceptable means of
compliance with the aforementioned precision requirements.

0) APV/baro-VNAV FUNCTIONAL REQUIREMENTS

10.1

a)

b)

Required functions.-

Displays.- APV/baro-VNAYV deviations must be shown on a vertical deviation display (e.g., the
horizontal situation indicator (HSI), the enhanced horizontal situation indicator (EHSI), and the
vertical deviation indicator (VDI)).

This display must be used as primary flight instrument during the approach. The display must be
visible to the pilot and be located in the primary field of vision of the pilot.

The deviation display must have an appropriate total scale deflection based on the required vertical
track error.

Continuous deviation display.- The navigation display must provide the capacity of continuously
showing the aircraft position relative to the defined vertical path to the pilot flying the aircraft (PF),
on the primary navigation flight instruments. The display must permit the pilot to readily note if
the vertical deviation exceeds +100/-50 ft. The deviation shall be monitored and the pilot will take
the appropriate action to minimise errors.

Note.- When the minimum crew consists of two pilots, a means shall be provided for the pilot not
flying the aircraft (pilot monitoring (PM)) to check the desired path and the aircraft position
relative to the path.

1) It is recommended that a properly graduated non-numerical deviation display (e.g., the
vertical deviation indicator) be located on the primary field of vision of the pilot. A fixed-
scale deviation indicator is acceptable, provided said indicator demonstrates the proper
setting and sensitivity for the planned operation. Alert and annunciation limits must also
correspond to scale values.

Note.- Current systems incorporate vertical deviation scales in the range of + 500 ft. These
deviation scales shall be assessed based on the aforementioned requirements.

2) Instead of duly graduated vertical deviation indicators, it may be acceptable to have a
numerical vertical deviation display, depending on the flight crew workload and display
characteristics. The use of a numerical display may require initial and recurrent training for
the flight crew.

3)  Since the vertical deviation scale and sensitivity vary significantly, an eligible aircraft may
also be equipped with an operational FD or AP capable of following a vertical path.

Definition of the vertical path.- The navigation system must be capable of defining a vertical

path in keeping with the published vertical path. It must also be capable of specifying a vertical

path within the altitude limitations of two fixes in the flight plan. Altitude limitations at fixes must

be defined as either:

1) an AT or ABOVE altitude limitation (for example, 2400A may be appropriate when there
is no need to limit the vertical path);

2) an AT or BELOW altitude limitation (for example, 4800B may be appropriate when there
is a need to limit the vertical path);

3) an AT altitude limitation (for example, 5200); or

4)  a WINDOW-type altitude limitation (for example, 2400A3400B).
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Note.- For RNP AR APCH procedures, any segment with a published path will define that path
based on an angle to the fix and altitude.

Path construction.- The system must be capable of constructing a path to provide vertical
guidance from a current position to a limited fix.

Capacity to load procedures from the navigation database.- The navigation system must be
capable of loading and modifying, within the RNAV/RNP system, a complete procedure or
procedures from the aircraft database. This includes the approach (with a vertical angle), the
missed approach, and the approach transitions to the aerodrome and selected runway. The
RNAV/RNP system shall prevent the modification of the procedure information contained in the
navigation database.

User interface (control and displays).- the output reading and input resolution of the information
shall be as follows:

Parameters Display resolution Input resolution
Altitude | Above the transition level | Flight level Flight level
altitude
Below the transition level | 1 ft 1ft
altitude
Vertical path deviation 10 ft Not applicable
Flight path angle 0.1° 0.1°
Temperature 1° 10

The navigation database must contain the necessary information to fly the APV/baro-VNAV
approach. This database must contain the WPTs and associated vertical information (obstacle
clearance height (TCH) and flight path angle (VPA)) for the procedure.

Vertical limitations (altitudes and airspeeds) associated with published procedures must be
automatically retrieved from the navigation database once the approach procedure has been
selected.

The navigation system must be capable of indicating the navigation loss (e.g., loss of the system)
on the primary field of vision of the pilot through a precaution signal (flag) or equivalent indicator
on the vertical navigation display.

The aircraft must show barometric altitude from two independent altimetry sources, one on each
primary field of vision of each pilot. When single-pilot operation is permitted, the two displays
must be visible from the pilot position.

Recommended functions.-
Temperature compensation The baro-VNAV navigation system should be capable of

automatically adjusting the vertical flight path for temperature effects. The equipment should give
access to the altimetry temperature source in order to calculate temperature compensation for the
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vertical flight path angle. The system should give clear and identifiable indication of compensation
and setting to the flight crew.

b)  Capability of automatically intercepting the vertical path at the final approach point (FAP), using
the vertical fly-by technique.

p) TEMPERATURE LIMITATIONS

a) For aircraft using barometric vertical navigation without temperature compensation on approach,
low temperature limitations are reflected on the procedure design and identified on the procedure
chart, together with any high temperature limit. Low temperatures reduce the actual glide path
angle, while high temperatures increase the glide path angle. Aircraft using barometric vertical
navigation with temperature compensation or aircraft using an alternate means of vertical guidance
(e.g., satellite-based augmentation system (SBAS)) can get around temperature limitations.

b)  Since the temperature limits established in the charts are only assessed for obstacle clearance in the
final approach segment, and since temperature compensation only affects vertical guidance, the
pilot may need to adjust the minimum altitude on the initial and intermediate approach segments,
and at the decision altitude/height (DA/H)).

Note 1.- Temperature affects the indicated altitude. The effect is similar to having high and low

pressure changes, but not as significant as such changes. When the temperature is higher than

standard (temperature under international standard atmospheric (ISA) conditions)), the aircraft

will be flying above the indicated altitude. When the temperature is below the standard, the

aircraft will be flying below the altitude indicated in the altimeter. For further information,

refer to altimetry errors in the aeronautical information manual (AIM)

Note 2.- The ISA standard conditions at sea level are:

»  The standard temperature is defined as 15° Celsius (centigrades) or 288.15° Kelvin;

»  The standard pressure is defined as 29.92126 inches of mercury (Hg) or 1013.2
hectopascals (hPa); and

>  The standard density for these conditions is 1.225 kg/m* or 0.002377 slugs/cubic ft.

q) OPERATIONAL PROCEDURES
121 For APV/baro-VNAYV operations, the crews must be familiar with the following procedures:

a) Corrections for low temperatures.- Pilots are responsible for any low temperature correction
required at all minimum altitudes/heights published. This includes:
»  The altitudes/heights for initial and intermediate segments;
»  The DA/H; and
»  Subsequent missed approach altitudes/heights.
Note.- The VPA of the final approach path is protected against the effects of low temperatures
by the procedure design.

b)  Altimeter setting.- APV/baro-VNAYV operations will only be conducted when:
1) acurrent and local source for altimeter setting is available; and
2)  the *QNH/*QFE is properly selected in the aircraft altimeter.
*QNH: Pressure at mean sea level. This setting indicates the altitude above mean sea level, (MSL)
with standard temperature.
*QFE: Standard atmosphere that corresponds to 1013 hPa or 29.92” Hg. This setting indicates the
altitude above the isobaric surface of 1013 hPa, with standard temperature.
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Note.- a remote source for altimetry setting shall not be used.

Actions to be taken at the DA.- The flight crew is expected to operate the aircraft along the
published vertical path, and to execute a missed approach procedure once it reaches the DA, unless
the required visual references to continue with the approach are on sight.

Temperature limitation.- Due to the pronounced non-standard temperature effects on baro-
VNAV operations, instrument approach procedures will contain a temperature limitation below
which the use of a vertical navigation decision altitude (VNAV DA) based on baro-VNAYV is not
authorised. The temperature limitation will be shown through a Note in the instrument approach
procedure. If the aircraft system is capable of temperature compensation, the crew must follow the
operator procedures based on the manufacturer instructions.

Selection of the VNAV path mode.- The flight crew must know the correct selection of the
vertical mode(s) commanding vertical navigation through the published flight path. Other vertical
modes, such as vertical speed, do not apply to baro-VNAYV approaches.

Restriction to using a remote source for altimeter setting.- The use of baro-VNAV up to a DA
is not authorised if the altimeter setting is issued from a remote source. For APV/baro-VNAV
operations, a current altimetry setting is required for the landing aerodrome. When minima related
to a remote altimetry setting are shown, the VNAV function can be used, but only up to the
published lateral navigation minimum descent altitude (LNAV MDA).

Manual adjustments.- If manual adjustments are necessary for storing altitude information, e.qg.,
low temperature adjustments, the flight crew must make the appropriate adjustments at the
procedure altitudes and revert to the LNAV MDA of the adjusted temperature.

r TRAINING PROGRAMME

The training programme of the operator shall include sufficient training on aircraft VNAV

capabilities for flight crews and flight dispatchers (e.g., ground training, flight simulators, flight training
devices (FTD) or on board the aircraft). Training will cover the following areas:

a)
b)

c)

information about this AC;
the meaning and proper use of aircraft systems;

the characteristics of APV/baro-VNAV procedures, as determined in the graphical chart
representation and in the written description;

1)  description of WPT types (fly-by and flyover WPTSs), path terminators, and any other type of
terminator used by the operator, as well as the associated flight paths of the aircraft;

2) information about the specific RNAV/RNP system;

3) automation levels, annunciation modes, changes, alerts, interactions, reversals, and
degradation;

4)  functional integration with other aircraft systems;
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5) the meaning of vertical path discontinuities and related flight crew procedures;

6)  monitoring procedures for each flight phase (e.g., monitoring of “PROGRESS” 0 “LEGS”
pages);

7) turn anticipations, taking into account the effect of airspeed and altitude; and

8) interpretation of electronic displays and symbols.

operating procedures of VNAV equipment, where applicable, including how to do the following:

1) compliance with airspeed and/or altitude limitations associated to an approach procedure;
2) verification of WPTs and flight plan programming;

3)  direct flight to a WPT;

4)  determination of vertical track error/deviation;

5) insertion and deletion of the route discontinuity;

6) changing the destination and alternate aerodromes;

7)  contingency procedures following VNAYV failure;

operation of barometric altimeters.- Barometric altimeters are calibrated to indicate the true altitude
under ISA atmospheric conditions. If, in a given day, the temperature is higher than ISA, the true
altitude will be greater than the indicated altitude. On the contrary, on a day that is cooler than
ISA, the true altitude will be lower than the indicated altitude. These errors increase in magnitude
as the altitude increases over the altimetry setting source.

altimetry setting procedures and low temperatures.

1)  Altimeter setting.- Flight crews must be cautious when changing the altimeter setting and
will request a valid setting if the previous one is not valid, especially when pressure tends to
drop quickly. Remote altimeter setting is not permitted for APV/baro-VNAV operations.

2) Low temperatures.- In case of low temperatures, the pilot shall verify the instrument
approach procedure chart to determine the temperature limit for using the baro-VNAV
capability. If the aircraft system has temperature compensation capability, the crew shall
follow the procedures established by the operator based on the manufacturer instructions for
using the baro-VNAYV function.

Knowledge of failures and reversal modes.- The flight crew shall have knowledge of failures and
reversal modes that hinder the capacity of the aircraft to conduct APV/baro-VNAV approaches.
The flight crew must also be aware of contingency procedures (e.g., reversal to LNAV MDA
following a VNAY failure).

Operational verification of altimeters.- When two pilots are required on an aircraft, the flight crew
must make sure that the two altimeters coincide within + 100 ft prior to the FAF. If the altimeter
cross-check fails, the instrument approach procedure must not be executed, or, if said procedure is
in progress, it must be discontinued. If the avionics system provides an annunciation system that
compares the pilot altimeters, flight crew procedures shall indicate the action to be taken in the
event of a warning from the pilot altimeter comparator when executing an APV/baro-VNAV
operation.
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Note.- This operational verification of the altimeters is not necessary if the aircraft automatically
compares altitudes within 100 ft.

s) DATABASE
a)  The operator must obtain the navigation databases from a qualified provider.

b)  Navigation data providers must have a letter of acceptance (LOA) in order to process the
navigation information (e.g., FAA AC 20-153 or document on the conditions for the issuance of
letters of acceptance for navigation data providers by the European Aviation Safety Agency —
EASA (EASA IR 21 Sub-part G) or equivalent documents). An LOA acknowledges the data of
a provider as those in which information quality, integrity, and quality management practices are
consistent with the criteria of document DO-200A/ED-76. An operator provider (e.g., an FMS
company) must have an LOA Type 2 and its respective providers must have an LOA Type 1 or

c)  The operator must report to the navigation data provider any discrepancy that invalidates a
procedure, and prohibit the use of the affected procedures by means of a notice to flight crews.

d)  Operators should consider the need to periodically verify the navigation databases, in order to
maintain the existing requirements of the quality system or safety management system.

t) AIRWORTHINESS AND OPERATIONAL APPROVAL

15.1 In order to get an APV/baro-VNAYV authorisation, a commercial air transport operator shall
obtain two types of approval:

a) an airworthiness approval from the State of Registry; (see Article 31 of the Chicago Convention
and paragraphs 5.2.3 and 8.1.1 of Annex 6, Part 1); and

b)  the operational approval from the State of the Operator (see paragraph 4.2.1 and Attachment F to
Annex 6, Part I).

15.2 For general aviation operators, the State of Registry will determine if the aircraft meets the
applicable APV/baro-VNAYV requirements (see paragraph 2.5.2.2 of Annex 6, Part 11).

u) AIRWORTHINESS APPROVAL
16.1 Aircraft eligibility

a) RNP system capability.- An aircraft is eligible when it meets the RNP performance and
functional requirements described in SRVSOP AC 91-008 and AC 91-009 or equivalent.

b)  VNAV barometric capability.- An aircraft is eligible when it has a flight manual (AFM) or AFM
supplement clearly establishing that the VNAV system is approved for approach operations in
keeping with FAA AC 20-129 or AC 20-138. Furthermore, for a VNAYV system to be approved
for approach operations according to AC 20-129 or AC 20-138, it must have a vertical deviation
indicator (VDI). Since VDI sensitivity and setting vary significantly, an eligible aircraft must also
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be equipped and use either a flight director (FD) of an autopilot (AP) capable of following the
vertical path. A deviation of +100/-50 ft by the pilot is considered acceptable on a published
VNAYV path.

Note.- An aircraft with RNP AR APCH authorisation will be considered eligible for conducting
baro-VNAV operations in keeping with this AC.

Database requirements.- The aircraft database must include the WPTs and the associated VNAV
information, e.g., altitudes and vertical angles for the procedure to be flown.

Aircraft approval
Eligibility based on the AFM or AFM supplement

1)  LAR 91 operators.-

(@ LAR 91 operators must review the aircraft AFM or AFM supplement in order to
establish the eligibility of the navigation system as described in paragraph 16.1. When
the eligibility is based on the AFM, the CAA will not issue an LOA.

2) LAR 121y 135 operators.-

(@ LAR 121 and 135 operators must present the following documentation to the CAA:

(1) the sections of the AFM or AFM supplement that document the RNAV/RNP
airworthiness approval for APV/baro-VNAV approach procedures in keeping
with paragraph 16.1 of this AC.

Eligibility that is not based on the AFM or AFM supplement

1)  An operator may not be in a position to determine the eligibility of the equipment for
conducting APV/baro-VNAYV approaches based on the AFM or AFM supplement. In this
case, both LAR 91 and LAR 121 and 135 operators must ask the CAA to have the
Airworthiness Inspection Division or equivalent do an assessment of the baro-VNAV
equipment to determine its eligibility.

2)  Together with the request, the operator will provide the Airworthiness Inspection Division or
equivalent the following information:

(@) name of the manufacturer, model, and part number of the RNP system;
(b) any evidence of IFR approval of the navigation system; and
(c) relevant information about flight crew operating procedures.

3)  If the Airworthiness Inspection Division or equivalent is not in a position of determining the
eligibility of the equipment, it shall send the request, together with the supporting data, to the
Aircraft Certification Division or equivalent.

4)  The Aircraft Certification Division or equivalent will verify that the aircraft and the
RNAV/RNP system meet the baro-VNAV criteria and that the system can safely fly VNAV
paths associated to instrument approach procedures, applying a DA instead of an MDA. The
Aircraft Certification Division or equivalent will provide written documentation (e.g., a
report of an amended flight standard bulletin or other official document) to verify the
eligibility of the equipment.

5)  For LAR 91 operators.- If the CAA determines that the navigation equipment is eligible for
baro-VNAYV instrument approach operations, the Airworthiness Inspection Division or
equivalent will provide documentation showing that the aircraft equipment is approved for
said operations.
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For LAR 121 and 135 operators.- The CAA will try to establish the eligibility of the
system and will make sure that training and operation manuals reflect the operational policies
of Sections 12 and 13 of this AC.

Compliance with airworthiness or equipment installation requirements, by itself, does not
constitute operational approval.

Aircraft modification.-

If any system required for baro-VNAYV operations is modified (e.g., change in the software or
hardware), the aircraft modification must be approved.

The operator must obtain a new operational approval that is supported by operational and aircraft
qualification documentation presented by the operator.

OPERATIONAL APPROVAL

To obtain the operational approval, the operator will take the following steps:

Airworthiness approval.- aircraft shall have the corresponding airworthiness approvals as
established in Section 16.
Application.- The operator will submit the following documentation to the CAA:

1)
2)

3)

4)

5)

6)

the APV/baro-VNAV operational approval application;

aircraft qualification documentation.- Documentation showing that the equipment of the
proposed aircraft meets the requirements of this AC, as described in Section 16.

Type of aircraft and description of the aircraft equipment to be used.- The operator will
provide a configuration list describing in detail the relevant components and the equipment to
be used in the APV/baro-VNAYV operation. The list shall include each manufacturer, model
and version of the FMS software installed.

Note.- Barometric altimetry and the associated equipment, such as air data systems, are
basic capabilities required for flight operations.

Operational procedures.- Operator manuals shall properly indicate the navigation procedures
identified in Section 12 of this AC. LAR 91 operators shall confirm that they will operate
applying identified practices and procedures.

Training programmes.- LAR 121 and 135 operators will submit the training curricula
describing the operational procedures and training aspects related to VNAV approach
operations (e.g., initial, promotional, and recurrent training for flight crews, flight
dispatchers, and maintenance personnel).

Note.- A separate training programme is not required if RNAV and VNAV training is already
part of the training programme of the operator. However, it should be possible to identify
the practices and procedures concerning VNAV aspects covered in the training programme.
LAR 91 operators should be familiar with the practices and procedures identified in Section
13 of this AC.

Operations manual (OM) and checklists.- Operators will submit the operations manuals and
checklists containing information and guidance on APV/baro-VNAYV operations.
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7)  Maintenance procedures.- The operator will submit the maintenance procedures containing
airworthiness and maintenance instructions concerning the systems and equipment to be used
in the operation. The operator will provide a procedure to remove and restore the APV/baro-
VNAYV operational capacity of the aircraft.

8) MEL.- The operator will submit any revision to the MEL needed to conduct APV/baro-
VNAYV operations.

9) Validation.- The CAA will determine the need to conduct validation tests based on the type
of operation and operator experience. If validation tests are necessary, the operator will
submit a validation test plan to show its capacity to conduct the proposed operation (see
Chapter 13 of Volume II, Part Il of the SRVSOP Operations Inspector Manual). The
validation plan must at least include the following:

(@) a statement indicating that the validation plan has been designated to demonstrate the
capacity of the aircraft to execute APV/baro-VNAYV procedures;

(b)  operational and dispatch procedures; and

(c)  MEL procedures.

Note 1.- the validation plan shall make use of ground training devices, flight simulators, and

aircraft demonstrations. If the validation is done on board an aircraft, it must be conducted

during the day and under VMC.

Note 2.- validations may be required for each manufacturer, model, and version of the

installed FMS software.

10) Conditions or limitations necessary or required for the authorisations.- The operator will
submit any condition or limitation that is necessary or required for the authorisations.

c)  Training.- Once the CAA has accepted or approved the amendments to the manuals, programmes
and documents submitted, the operator will provide the respective training to its personnel.

d)  Validation flights.- Validation flights, if required, will be conducted according to paragraph b) 9)
above.

e) Issuance of the authorisation.- Once all the aforementioned steps have been completed
satisfactorily, the CAA will issue the OpSpecs for LAR 121 and 135 operators, or a LOA for LAR
91 operators when aircraft eligibility is not based on the AFM.
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APPENDIX 1
NAVIGATION DATA VALIDATION PROGRAMME
1. INTRODUCTION

The procedure stored in the navigation database defines the aircraft lateral and vertical guidance. The
navigation database is updated every 28 days. The navigation data used in each update are critical for
the integrity of each APV/baro-VNAYV approach. Taking into account the reduced obstacle clearance
associated with these approaches, navigation data validation requires special consideration. This
appendix provides guidance on the operator procedures to validate the navigation data associated with
APV/baro-VNAYV approaches.

2. DATA PROCESSING

a) In its procedures, the operator will identify the person responsible for updating the navigation
data.

b)  The operator will document a process for accepting, verifying, and loading the navigation data
into the aircraft.

c)  The operator must place its documented data process under configuration control.

3. INITIAL DATA VALIDATION

3.1 The operator must validate each APV/baro-VNAV procedure before flying the procedure under
instrument flight meteorological conditions (IMC) to ensure compatibility with its aircraft and that
the resulting paths correspond to the published procedure. As a minimum, the operator must:

a)  compare the navigation data of the procedure to be loaded on the FMS with a published
procedure.

b)  validate the navigation data of the loaded procedure, either in the flight simulator or in the
aircraft under visual flight meteorological conditions (VMC). The procedure outlined in a map
display must be compared to the published procedure. The complete procedure must be flown to
make sure that the path can be used, that it has no apparent lateral or vertical path
disconnections, and is consistent with the published procedure.

c)  once the procedure has been validated, a copy of the validated navigation data must be kept and
maintained to be compared with subsequent data updates.

4, DATA UPDATING

Whenever the operator receives a navigation data update and before using such data on the aircraft, the
update must be compared with the validated procedure. This comparison must identify and resolve any
discrepancy in the navigation data. If there are any significant changes (any change affecting the
approach path or performance) to any part of the procedure, or if such changes are verified through
initial information data, the operator must validate the amended procedure based on the initial data
validation.

5. NAVIGATION DATA PROVIDERS
Navigation data providers must have a letter of acceptance (LOA) to process these data (e.g., FAA AC
20-153 or the document on the conditions for the issuance of letters of acceptance for navigation data
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providers by the European Aviation Safety Agency — EASA (EASA IR 21 Sub-part G) or equivalent
document). An LOA acknowledges the data of a provider as having an information quality, integrity
and quality management practices that are consistent with the criteria of document DO-200A/ED-76.
The operator provider (e.g., an FMS company) must have an LOA Type 2 and its respective providers
must have an LOA Type 1 or 2.

6. AIRCRAFT MODIFICATIONS

If an aircraft system required for APV/baro-VNAV operations is modified (e.g., a change in the
software), the operator is responsible for validating the APV/baro-VNAV procedures with the
navigation database and the modified system. This can be done without direct assessment if the
manufacturer verifies that the modification has no effect on the navigation database or on path
calculation. If this verification is not done by the manufacturer, the operator must carry out an initial
validation of the navigation data with the modified system.
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APPENDIX 1
APV/baro-VNAV APPROVAL PROCESS
The APV/baro-VNAYV approval process consists of two types of approvals: the airworthiness
and operational approvals. Although the two have different requirements, they must be

considered under a single process.

This process constitutes an orderly method used by the CAAs to ensure that applicants meet the
established requirements.

The approval process consists of the following phases:

1)  Phase one: Pre-application

2)  Phase two: Formal application

3) Phase three: Review of the documentation
4)  Phase four: Inspection and demonstration
5)  Phase five: Approval

In Phase one - Pre-application, the CAA meets with the applicant or operator (pre-application
meeting), who is advised of all the requirements it must meet during the approval process.

In Phase two - Formal application, the applicant or operator submits the formal application,
accompanied by all the relevant documentation, as established in Section 17 of this AC.

In Phase three - Review of documentation, the CAA evaluates the documentation and the
navigation system to determine their eligibility and the approval method to be applied with
respect to the aircraft. As a result of this review and evaluation, the CAA may accept or reject
the formal application together with the documentation.

In Phase four - Inspection and demonstration, the operator will train its personnel and conduct
validation flights, if required.

In Phase five - Approval, the CAA issues the APV/baro-VNAYV authorisation once the operator
has met the airworthiness and operational requirements. For LAR 121 and 135 operators, the
CAA will issue the OpSpecs, and for LAR 91 operators, it will issue an LOA, when the approval
is not based on the AFM or AFM supplement.





