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1 INTRODUCTION
1.1  Purpose

1.1.1 The purpose oAP 11 Volume 2is to provide guidancenaterialto assistBCAA
inspectorsn the evaluation of an application for PBN Operational Approval &ahe
of the PBN Navigation Specifications

1.1.2 This guidance and policy material applies to all Bahraini registered civil aircraft. It
identifies the type of equipment that the BCAA has determined t@nlaeceptable
means of compliance and containgdglines to operators for equipping aircraft.

1.1.3 CAP 11 Volume 2contains astatement of the operational requirements for é¢go
of operationand while it is necessary that the Operational Approval evaluation
determines that the proposed operatiogets theminimum requirementsit is also
necessary that an assessmens made of the operatords
operational intent of the particular navigation specification.

1.1.4 It should be noted that each of the PBN specifications hasamyhadtits own and the
minimum requirements have originated over differing time framesiasdme cases
geographical operating requiremertdasthereforenot been possible to correlate all
requirements of the individual navigation specifications anthe inconsistencies
may be noted between specifications.

12  Applicability

This guidance material applies to all Bahraini operators for operations within the
Kingdom of Bahrain territorial airspace. It must be noted that beyond the Bahrain

FIR, operdors must comply with ICAO Anex2 and ot her Statebds r
operating within their airspace.

13 Glossary of Terms
The following is an explanation of some of the terms usétBN procedures. Where
possible the ICAO (or the most widely caepted) explanations have been used.
However, as the proliferation of termsemainsa safety concernthe BCAA is
supporting efforts to rationalise and harmonise the terms in use. Some of the terms in
use below may be subject to change and tineseforebe considered superfluous.

Nevertheless, it is important tiefineas many as possible &void confusion.

CAP 11 Vol. 2 Initial 1 15 October 2017



KINGDOM OF BAHRAIN Gy dl &=l
oy YL \(¢ %/ ‘,\ ¥ ‘/
N Y > It bYW
V‘u%a) e 3
l 4

Ministry of Transportation
and Telecommunications

Definitions

Aircraft-based agmentation system (ABAS)A system which augments and/or
integrates the information obtained from the otB&SSelements with information
available onboard theaircraft. The most common form of ABAS is the receiver
autonomous integrity monitoring (RAIM).

Area navigation (RNAV) A navigation method that allows aircraft to operate on any
desired flight pattwithin the coverage of grounal spacebased navigation aids, or
within the limits of the capability of setfontained aids, or a combination of both
methods.

Flight technical error (FTE): The FTE is the accuracy with which an aircrigft
controlledas masured by the indicated aircraft position with respect torttieated
commandor desired position. It does not include blunder errors.

Global navgation satellite system (GNSS)A generic term used by the International
Civil Aviation Organization (ICAQ to define anyglobal msition, speedand time
determinatiorsystem that includes one or more main satellite constellations, such as
GPS and the global navigation satellite system (GLONASS), aircraft receivers and
several integrity monitoring systems, luding aircraftbasedaugmentation systems
(ABAS), satellitebased augmentation systems (SBAS), such as the widm ar
augmentation systems (WAA&hd in addition,groundbased augmentation systems
(GBAS), such as the local area augmentation system (LAAS).

Global positioning system (GPS)rhe global positioning system (GP&)the United
States is a satellieased radio navigation system that uses precise distance
measurements tetermine the position, speadd time in any part of the world. The
GPS ismade up by three elements: the spatfa controland the user elemenfshe

GPS spatiabegment nominallgonsists of, at least, 24 satellites in 6 orbital planes.
The control elementonsists of5 monitorng stations, 3 ground antennasd one
main catrol station.The user element consists of antennasrandivers that provide

the user with position, speatd precise time.

Navigation specifications Set of aircraft and flight crew requirements needed to
support performanebasedhavigation operatins in a defined airspace. There are two
kinds of navigation specifications:

Required Navigation Performance (RNP) Specification Area navigation
specification that includes the performance control and alerting requirement,
designated by thprefix RNP, eg., RNP 4, RNP APCH, RNP AR APCH.

Area Navigation RNAV) Specification Area navigation specification that domst
include the performance control and alerting requirement, designated by the prefix
RNAV; e.g., RNAV 5, RNAV 2, RNAV 1.

Area Navigation Visual Flight Procedure: A procedure that capitalizes on RNAV
system technology to promote stabilized visual approaches to a designated runway.

CAP 11 Vol. 2 Initial 2 15 October 2017
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Navigation system error (NSE) The difference between the true position and the
estimated position.
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Path definition error (PDE): The difference between the defined path and the
desired path at a given place and time.

Performancebased navigation (PBN): Performancébased area navigation
requirements applicable to aircraft conducting operations on an ATS, @utan
instrument approach procedure, or in a designated airspace.

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

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

RNP system An area navigation system that supportsboard performance control
and alerting.

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

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

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

Note: FTE is abo known as path stang error (PSE)and the NSE as position
estimation erroPEE).

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 areadentified as either:

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

Fly over waypoint: A way-point at which a turn is initiated in order to join the next
segnent of a route or procedure.

CAP 11 Vol. 2 Initial 3 15 October 2017
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Acronyms

ABAS
AC
AFM
AlP
AIRAC
ANSP
AP
APV
ARP
ATC
ATM
ATS
BaroVNAV
CA
CDI
CDhuU
CF
Doc
DF
DME
EASA
EGPWS
EHSI
FAA

(United States) FAF

FAP
FD
FD
FDE
FM
FMS

CAP 11 Vol. 2 Initial
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Aircraft-based augmentation system
Advisory circular (FAA)

Aircraft flight manual

Aeronautical information publication
Aeronautical information regulation and control
Air navigation service provider

Automatic pilot

Approach procedure with vertical guidance
Aerodrome reference point

Air traffic control

Air traffic management

Air traffic service

Barometric vertical navigation

Course to an altitude

Course deviation indicator

Control and display unit

Course to a fix

Document

Direct to a fix

Distancemeasuring equipment

European Aviation Safety Agency
Enhanced ground proximity warning system
Electronic horizontal situation indicator
Federal AviatiomPAdministration

Final approach fix

Final approach point

Flight director

Fault detection

Fault detection and exclusion

Course from a fix to a manual termination

Flight management system
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FOI
FOSA
FTE
BCAA
GBAS
GNSS
GLONASS
GPS
HAL
HIL
HPL
HSI
HUGS
ICAO

IF

IFR
IMC
LAAS
LNAV
LOA
LPV
MCDU
MEL
MOC
NM
NAVAIDS
NOTAM
NPA

NSE

OM

OEM
OPSPEC
PA

CAP 11 Vol. 2 Initial
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Flight Operations Inspector

Flight Operational Safety Assessment
Flight technical error

Bahrain CAA

Groundbased augmentation system
Global navigation satellite system (ICAO)
Global navigation satellite system (Russia)
Global positioning sysim (US)

Horizontal alert limit

Horizontal integrity limit

Horizontal Protection Level

Vertical status indicator

Head up guidance system

International Civil Aviation Organization
Initial fix

Instrument flight rules

Instrument meteorological conditions
Local area augmentation system

Lateral navigation

Letter of authorisation/letter of acceptance
Localizer Performance with Vertical Guidance
Multi-function control and display
Minimum equipment list

Minimum Obstacle Clearance

Nautical miles

Navigation aids

Notice to airmen

Non-precision approach

Navigation system error
Operations manual

Original equipment manufacturer
Operations sgcification

Precision approach

5 15 October 2017



KINGDOM OF BAHRAIN

Ministry of Transportation
and Telecommunications

PANSATM

NS-OPS

PBN
PDE

PEE

PF

PNF

PM

POH

P-RNAV

PSE

QAR

RAIM

RNAV

RNP

RNP APCH
RNP AR APCH

RVFP
RTCA
SBAS
SID
STAR
STC
TAWS
TF
TSE
TSO
VA
VI
VM
VMC

CAP 11 Vol. 2 Initial
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Procedures for Air Navigation ServiceAir Traffic
Management

Procedures for Air Navigation ServiceAircraft
operations

Performancéased navigation
Path definition error
Position estimation error
Pilot flying
Pilot not flying
Pilot monitoring
Pilot operating Handbook
Precision area navigation
Path steering error
Quick access recorder
Receiver autonomous integrityonitoring
Area navigation
Required navigation performance
Required navigation performance approach

Required navigation performance authorisation required
approach

RNAYV Visual Flight Procedure
Radio Technical Commission for Aviation
Satellitebased augmentation system
Standard instrument departure
Standard instrument arrival
Supplenental type certificate
Terrain awareness system

Track to fix
Total system error
Technical standard order
Heading to an altitude
Heading to an intercept
Heading to a manual terminaiti

Visual meteorological conditions
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WAAS Wide area augmentation system
WGS World geodetic system

WPR Waypoint Precision Error

WPT Waypoint

14 References

The following publications were used as reference material:
ICAO

Annex 6 - Operations of Aircraft

Annex 8 - Airworthiness of Aircraft

Annex 10- Aeronautical Telecommunications

Annex 11- Air Traffic Services

Annex 15- Aeronautical Information Services

Doc 9613AN/937 - Performancéased Navigation Manual

Doc 4444PANS ATM - Procedures for Air Navigation ServicasdAir Traffic
Management

Doc 8168 VOL | and VOL It Procedures for Air Navigation Services Aircraft
Operations

Doc 7030- Regional Supplementary Procedures

Doc 9426- Air Traffic Services Planning Manual

Doc 9689 Manual on Airspace Planning Methodology for the Determination of
Separation Minima

EUROCAE

ED 72 - Minimum Operational Performance Specifications for Airborne GPS
receivingequipment used for Supplemental Means of Navigation

ED 758- MASPS Required Navigation Performance for Area Navigation

ED 76 - Standards for Processing Aeronautical Data

ED 77 - Standards for Aeronautical Information

RTCA

DO 208- Minimum Operational Performance Standards for Airborne Supplemental
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Navigation Equipment using GPS
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DO 200A- Standards for Processing A@@autical Data

DO 201A- Standards for Aeronautical Information

ARINC

ARINC 424 Documents
BCAA

ANTR-OPS 1.243

2. PERFORMANCE BASED NAVIGATION (PBN) CONCEPTS

The performancéased navigation (PBN) concept specifies that aircraft RNAV
system perfanance requirements be defined in terms of accuracy, integrity,
availability, continuity and functionality required for the proposed operations in the
context of a particular airspace concept, when supported by the appropriate navigation
infrastructure. Irthat context, the PBN concept represents a shift from séased to
performancebased navigation. Performance requirements are identified in navigation
specifications, which also identify the choice of navigation sensors and equipment
that may be used to meet the performance requirements. These navigation
specifications provide specific implementation guidance for operators in order to
facilitate global harmonization.

Navigation specifications describe, in detail, the requirements placetieoar¢éa
navigation system for operation along a particular route, procedure or within airspace
where approval against the navigation specification is prescribed. These requirements
include:

(&) The performance required of the area navigation system in tdrascoracy,
integrity, continuity and availability;

(b) The functions available in the area navigation system so as to achieve the
required performance;

(c) The navigation sensors, integrated into the area navigation system, that may be
used to achieve the reged performance; and

(d) Flight crew and other procedures needed to achieve the performance mentioned
of the area navigation system.

The NAVAID infrastructure relates to space or grodnased navigational aids that
are mentioned in each navigation speation.

CAP 11 Vol. 2 Initial 8 15 October 2017
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3. ON-BOARD PERFORMANCE MONITORING AND ALERTING

On-board performance monitoring and alerting is the main element that determines if
the navigation system complies with the necessary safety level assomititeah

RNP application. It relateto both lateral and longitudinal navigation performance
and it allows the aircrew to detect that the navigation system is not achieving, or
cannot guarantee with integrity, the navigation performance required for the
operation. (A detailed description ohboard performance monitoring and alerting
and navigation errors is provided@AP 11 Volume 1 antlCAO Doc 9613 Part A,
Volume II).

The operator will need to demonstrate that they have robust training and procedures in
place to ensure compliance Wwithe particular navigation specification. This may
require a demonstration or trial @itherthe simulator or aircraft to the satisfaction of

the assignedircraft Operations Inspector

4, DESIGNATION OF RNAV AND RNP SPECIFICATIONS

Two typesof navgation specification exist

(@ RNAV: A navigation specification which does not require an on board
performance monitoring and alerting function (OPMA)

(b) RNP: A navigation specification that does require an on board performance
monitoring and alentig function (OPMA)

Navigation specifications

RNP specifications RNAV specifications
(includes a requirement for on-board (no requirement for on-board
performance monitoring and alerting) performance monitoring and alerting)
Designation Designation . ; Designation Designation
Designation
;mg ; 2::: f RNP with additional ORNA‘.’ 10 J 2:% g
Oceanic A-RNP requirements to be remocr?ea:;?/iaf;ﬁon RNAV 1
and remote RNP APCH determined applfcatic?ns En-route and
L (e.g. 3D, 4D) . o
navigation RNP AR APCH terminal navigation
applications RNP 0.3 applications
En-route and
terminal navigation
applications

Because specific performance requirements are defined for each navigation
specification, an aircraft approved for an RNP specification is not automatically
approved for all RNAV specifications. Similg, an aircraft approved for an RNP or
RNAV specification having a stringent accuracy requirement (e.g. RNP 0.3
specification) is not automatically approved for a navigation specification having a
less stringent accuracy requirement (e.g. RNP 4).

CAP 11 Vol. 2 Initial 9 15 October 2017
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5. APPLICATION OF NAVIGATION SPECIFICATION
Table 5.1shows that for any particular PBN operation, it is possible that a sequence
of RNAV and RNP applications is used. A flight may compeem an airspace using
anRNP 1 SID, transit through enoute then oceaaiairspace requiring RNAYZ and
RNP 4, respectively, culminatingith terminal and approach operatiorexjuiring
RNAV 1 and RNP APCH.
Table 5.1
Flight Phase
En-route Approach
Navigation oceanic/ En-route
specification remote continental | Arrival Initial Intermediate Final Missed | Departure

RNAV 10 10

RNAV 5° 5 5

RNAV 2° 2 2 2

RNAV 1° 1 1 1 1 1° 1

RNP 4 4

RNP 2 2 2

Advanced RNP? 2 20r1 1 1 1 0.3 1° 1

RNP 1 lf 1 1 1C 1e

RNP 0.3 0.3 0.3 0.3 0.3 o 0.3 0.3

RNP APCH 1 1 03" | 1°0ro0.3

RNP AR APCH 1-0.1 1-0.1 0.3-01 | 1-0.

Notes:

(@) RNAV 5 is an erroute navigation specification which may be used for the initial part
of a STAR owtside 30 NM and above MSA.

(b) RNAV 1 and RNAV 2 are issued as a single approval.

(c) Applies only once 50 m (40 m Cat H) obstacle clearance has been achieved after the
start of climb.

(d) A-RNP also permits a range of scalable RNP lateral navigatcumases.
(e) Optional; requires higher continuity.

(H Beyond 30 NM from the airport reference point (ARP), the accuracy value for alerting
becomes 2 NM.

(g) The RNP 0.3 specification is primarily intended for helicopter operations.

(h) The RNP APCH avigation specification is divided into two sections. RNP 0.3 is
applicable to RNP APCH Section A (LNAV and LNAV/VNAYV). Different angular
performance requirements are applicable to RNP APCH Section B (LP and LPV).

CAP 11 Vol. 2 Initial 10 15 October 2017
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(i) This value applies during the initiatraight ahead missed approach segment for RNP
APCH Section B (LP andPV).

() If less than RNP 1 is required in the missed approach, the reliance on inertial to cater
for loss of GNSS in final means that acayavill slowly deteriorate. Thereforany
accuracy value equal to that used in final can be applied only for a limited distance.

6. PBN APPLICATIONS

A navigation application uses a navigation specification and the associated navigation
infrastructure to support a particular airspace concés. i$ illustrated in Figuré.l

RNAV 2 \\ RNP 4

1?4,4!/]

Enroute W Oceanic

Figure 6.1

7. FLIGHT PLANNING

Manual or automated notification of an
ATS route, on a procedure or &ndesignatecirspaceis provided to ATC via the
flight plan.

Operdors should use the appropriate ICAO flight plan designation specified for the
RNP route f | owhouldb€& plecedlindlock £0rof thie RCAO flight plan

to indicate the pilot has reviewed the planned route of flightlgtermine RNP
requirementand the aircraft and operator have been approved on routes where RNP
is a requirementor operation. Additional information needs to be displayed in the
remarks section that indicates the accuracy capaltsilich as RNP 10 versus RNP 4.

(Flight plan praedures are addressed in ICAO Doc 44P4ocedurs for Air
Navigation ServicesAir Traffic Management).

8. MINIMUM NAVIGATION PERFORMANCE SPECIFICATION

Aircraft operating in the North Atlantic airspace are required to meet a minimum
navigation perforrance specification (MNPS). The MNPS specification has
intentionally been excluded from the above designation scheme because of its
mandatory nature and because future MNPS implementations are not envisaged. The
requirements for MNPS are set out in the @tiidated Guidance and Information
Material concerning Air Navigation in the North Atlantic Region (NAT Doc 001,
available at (www.paris.icao.int).
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9. RESPONSIBILITY FOR OPERATIONAL APPROVAL EVALUATION
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Overall responsibility for the evaluation af operational approval application will be
assigned tdhe Chief Aviation Operation§CAO) Section He will direct the review

and inspection of the proposed operational arrangements and recommend to the
Director the grant of operational approval. He wailéo act as coordinator with the
other Sectional Chiefs.

The assignedAircraft Operationsinspector (AOI) should have access to other
specialist expertise where required.

The Chief Airworthiness InspectiofCAl) Section is responsible for the reviewdan
inspection of the airworthiness requirements and maintenance support arrangements
andhe will forward the result of review, along with his recommendatitmthe Chief
Aviation Operations Section.

The Chief Aircraft Permits and Licensing Section ispansible for making the
administrative arrangements for the approval.

The Director Aeronautical Licensing signs the Approval letter (ALD/OPS/F100)

It should be recognised that PBN is an operational concept and the primary task is to
determine that 8 appl i cant 6s operating practice
adequate. Although some evaluation of aircraft eligibility and airworthiness is
required during the operational approval process, PBN operational approval is not
primarily an airwothiness task.

In some cases, particularly where documentation is available to demonstrate the
aircraft eligibility, the CAO may be satisfied that any airworthiness issues are
addressed and assistance from airworthiness experts may not be necessargr,Howev
in most casesissues of configuration control, ongoing maintenance, minimum
equipment lists, trainm of maintenance personngthould be assessed by qualified
airworthiness inspectors in consultation with @%&O.

10. OPERATIONAL APPROVAL

10.1 Gengal
Approval to operate in PBN airspace will be granted by a Letter of Approval
(ALD/OPS/F100) and/or inclusion in the AOC Operations Specifications issued by

the BCAA. Each aircraft for which the operator is granted authority will be listed.

This is the responsibility of the Aircraft Operations Section to recommend to the
Director that the operational approval be issued.

The Letter of Approval remains valid provided there has been no modification to the

navigation equipment installed and the contimratof equipment integrity and
navigation accuracy.
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OPSSPECs should bannotated ashownAppendix 2to show theindividual PBN
operational approvals granted. The remarks as noted should also be included on the
OPSSPFEC to assist in identifying existingpprovals which arequivalent to PBN
navigation specifications. For example, it should be noted (as shown) that an RNAV
approval is applicable in BRNAV airspace. This willfacilitate recognition and
acceptancef OPS SPECS issued in accordance with PBBvigation specifications

and help to avoid misunderstandings as the transition is roatie global adoption

of PBN.

Ministry of Transportation
and Telecommunications

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

The operational approval assessment must take account of the following:
(a) Aircraft eligibility and airworthiness compliance;
(b) OperatingProceduredor the navigation systems usgd

(c) Control of operating procedures (documented in the .OMie appropriate
manualsand checklistsshould contain navigation operating instructions and
contingency procedures, where specified. Whequired by theBCAA, the
operator must submit their manuals and checklists for reviewadsof the
application process;

(d) Flight crew and dispatch training requirements;

(e) Control of navigation database procedures. Commercial operators need to have
documentedproceduresfor the management of navigation databases. These
procedures will define the datalidation procedures for navigation databases
and the installation of new databases into aircrathabthey remain current with
the AIRAC cycle; and

(f) Continuing airworthiness Operators should have procedures for assessing and
incorporating instructions for continued airworthiness and maintenance or
inspection information concerning systemodifications, software revisions, etc.

(g) MEL considerations

(h) Past prformance

Note: Where appropriatethe BCAAmMay refer to previous operational approvals in

order to expedite this process fiadividual operators where performance and
functionality are applicable to the current request for operati@pgroval.

10.1.1 Aircraft Eligibility

An aircraft is eligible for a particular PBN application provided there is clear
statement in:

(@) the TC;or
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(b)) the STCO; or
(c) the associated documentati®nAFM or equivalent document; or

(d) a compliance statement from the manufaatuhat has been approved by the
State of Design anaccepted by thBCAA.

The operator must have a configuration list detailing the pertinent hardware and
software components and equipmesed for the PBN operation.

The TC is the approved standard tbe production of a specified type/series of
aircraft. The aircrafspecification for that type/series, as part of the TC, will generally
include a navigation standard. The aircraftcumentation for that type/series will
define the system use, operatiohalitations, equipment fitted and thmeaintenance
practices and procedures. No changes (modifications) are permitted to an aircraft
unless theBCAA either approves such changes through a modification approval
process, STC or accepts technical ddé&dining a design change that has been
approved by another State.

For recently manufactured aircraft, where the PBN capability is approved under the
TC, there may be atatement in the AFM limitations section identifying the
operations for which the aircraft approved. There is alssually a statement that the
stated approval does not itself constitute an approval for an operator to conduct those
operations. Alternate methods of achieving the airworthiness approval of the aircraft
for PBN operations is for thaircraft to be issued with an STC for the navigation
system installation or a locally approved modification.

One means of modifying an aircraft is the approved SB issued by the aircraft
manufacturer. The SB is document approved by the State of Designehable
changes to the specified aircraft type and the modification ibeomes part of the
type design of the aircraft. Its applicability will normally be restricted by the airframe
serial numberThe SB describes the intention of the change and thk tedve done

to the aircraft. Any deviations from the SB requiredesign change approval; any
deviations not approved will invalidate the SB approval. The State of Registry accepts
the application of an SB and changes to the maintenance programme he'ttiate

of the Operator accepts changeshe maintenance programme and approves changes
to the MEL, training programmes and Operations specificattom€©OEM SB may be
obtained for current production or out of production aircraft.

In respect of PBN, irmany cases for legacy aircraft, while the aircraft is capable of
meeting all theairworthiness requirements, there may be no clear statement in the
applicable TC or STC or associated documéAfsSM or equivalent document). In
such cases, the aircraft m&acturer may elect to issue an SB with appropriate AFM
update orinstead may publish a compliance statement in the form of a letter, for
simple changes, or a detailed aircrafpe specific document for more complex
changes. Th@CAA may determine thatneAFM change is notequired if it accepts

the OEM documentation. Tabl®.11 lists the possible scenarios facing an operator
who wishesto obtain approval for a PBN application, together with the appropriate
courses of action.
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Table 10.11 Operational Approval Scenarios

Scenario Aircraft certification status Actions by operator/fowner
Aircraft designed and type certificated for No action required, aircraft eligible for PBEN application.
1 PBN application. Documented in AFM, TC
or the STC.
Aircraft equipped for PBN application but Obtain SB (and associated amendment pages to the AFM)
2 not certified. No statement in AFM. SB from the aircraft manufacturer.
available from the aircraft manufacturer.
Aircraft equipped for PEN application. No Establish whether the statement of compliance is acceptable
3 statement in AFM. SB not available. to the regulatory authority of the State of Registry of the
Statement of compliance available from the | aircraft.
aircraft manufacturer.
Aircraft equipped for PBN application. No Develop detailed submission to State of Registry showing
4 statement in AFM. SB not available. how the existing aircraft equipment meets the PBN
Statement of compliance from the aircraft application requirements.
manufacturer not available.
Aircraft not equipped for PBN application. Modify aircraft in accordance with the aircraft manufacturer's
5 SB or develop a major modification in conjunction with an
approved design organization in order to obtain an approval
from the State of Registry (STC).

10.1.2 OperatingProcedures

The SOP must be developed to cover both normal anschaienal (contingency)
procedures for the systems used inRBN operation. The SOP must address:

(@) preflight planning requirements including the MEnd, where appropriate,
RNP/RAIM prediction;

(b) actions to be taken prior to commencing the PBN operation;

(c) actions to be taken during the PBN operation; and

(d) actions to be taken in the event of a contingency, including the reporting of

significant inciders.

101.3 Control ofOperatingProcedures

The SOP must be adequately documented in the OM and checKtistappropriate

manuals and checklistsshould contain navigation operating instructions and

contingency procedures, where specified. Wheguiredby the BCAA, the operator
must submit their manuals and checklists for reviewaasof the application process

10.1.4 Flight Crew andDispatchTraining

Training shall cover flight crew initial trainingand cominuing competency
requirements and dispatcequirements.

A flight crew and dispatch training programme for the PBN operation must cover all
the tasks associated with tbhperation and provide sufficient background to ensure a
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comprehensive understanding of all aspects of the operdti@enopertor must have
adequate records of course completion for flight crew, flight dispatchers and
maintenanc@ersonnel.

Ministry of Transportation
and Telecommunications

10.1.5 Control ofNavigationDatabasé’rocedures

If a navigation database is required, the procedures for maintaining currency,
checking or errors and reporting errors tioe navigation database supplier must be
documented in the maintenance manual by commercial operators.

Discrepancies that invalidate the route must be reported to the navigation database
supplier and thaffected route it be prohi bited by an oper

Aircraft operators should consider the need to conduct periodic checks of the
operational navigationdatabases in order to meet existing quality system
requirements.

10.16 Continuingairworthiness

The operator must submit the continuing airworthiness instructions applicable to the
aircraftos configuration and t he aircr
specification. Additionally, there is a requirement for the operator to submit their
mainterance programme, including a reliability programme for monitoring the
equipment.

Note: The operator should confirm with the OEM, or the holder of installation
approval for theaircraft, thatacceptance of subsequent changes in the aircraft
configuration, eg. SBs, does not invalidate current operaticagprovals.

10.17 MEL considerations
Any MEL revisions necessary to address RNAV 10 provisions must be approved.
Operators must adjust the MEL, eguivalent, and specify the required dispatch
conditions.

10.18 Past performance
An operating history of the operator must be included in the application. The
applicant must address any events or incidents related to navigation errors for that
operator (e.g. as report ed iooform)athaShawet e 6 s
been covered by training, procedures and maintenance, or the aircraft/navigation
system modifications which are to be used.

102 Conditions for Removal of PBN Authority

10.2.1 Equipment Tolerances

During the validity of the operatial approval, th&CAA will consider any anomaly
reports received frorthe operator or other interested party. Repeated navigation error
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occurrences attributed to a specific piece of navigaéqnipment may result in
restrictions on use or cancelationtioé approval for use of that equipment.

Ministry of Transportation
and Telecommunications

10.2.2 Operator Inaction

The operator should make an effective, timely response to each track keeping error.
The BCAA may consider removing PBN operational approval if the operator
response to a track keeping erie not effective or timely. Th&CAA will also
consider the operator's past performance record in determining the action to be taken.

Information thatindicates the potential for repeated errors may require modification
of an oper at omniesinfdrmmagon thaattrigutes mubiiger earors to a
particular pilot or crew may necessitate remedial training and checking or a review of
theoperational approval.

If an operator shows a history of operational and/or airworthiness errors, then
approvalmay be removed until the root causes of these errors are shown to be
eliminated and PBN programmes and procedures effective BUAA will review

each situation on a cabg-case basis.

11. APPROVAL PROCESS
11.1 General

Since each operation may diffsignificantly in complexity and scope, the project
managel(FOI) and theoperational approval team need considerable latitude in taking
decisions and making recommendations duringapproval process. The ultimate
recommendation by the project manaffe®l) and decision by thBCAA regarding
operational approval should be based on the determination of whether or not the
applicant:

(@) meets the requirements establisheth@ANTRS;
(b) is adequately equipped; and

(c) is capable of conducting the proposed operatiansafe and efficient manner.

The onboard PBN systems must be fit for the intended purpose. Operators must
ensure that a particular operation is supported by the flight manual or other approved
manufactureros document at i ohen appnoding tarh e op
operator for any new PBN operatjadhe BCAA will need to be shown the evidence

of airworthiness suitability.

The complexity of the approval process i ¢
app!l ipropasead dmeration. For sim@pprovals, some steps can be condensed or
eliminated. Some applicants may laclkasic understanding of what is required for
approval. Other applicants may propose a complex operation, but mayelbe

prepared and knowledgeable. Because of the varietyrapoped operations and

di fferences knowledge, tha prpcess musstnbe therough enough and
flexible enough to apply to all possibilities.
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11.2 Phases of the Approval Pocess
(a) Step lPreapplication phase

Each individual operator shallschedule a prapplication meeting with th&CAA
assigned Inspector responsible for its operations. The intent of this meeting is to discuss
airworthiness and operational requirements for approval to operate in PBN airspace,
including:

(1) thecontets of the operatordés application;
(20 BCAAOGs r eeavaluation chthedapplication;
(3) limitations (if any) on the approval;

(4) conditions under which the operational apiawnay be cancelled by the
BCAA; and

(5) any other operational oairspace requirements that may be established by
European or other authorities for the airspace involved.

(b) Step2: Formal application phase:

An application for the approval for PBN approval must be made by the operator
using Form ALD/OPS/F062. Eh appropriate charges must accompany the
application, unless specifically exempted.

(c) Step3: Document evaluation phase:

The BCAA project manager evaluates the formal, written application for
approval to determine whether all tteguirements are baj met

The following describes the operational material that an operator should provide
to theBCAA for evaluation, preferably at least 60 days before the intended start
of PBN operations. The assigned Inspector must refer to the applatdénce
mateial for specific operational requirements.

(1) Minimum Equipment List.

A minimum equipment list (MEL), adapted from the master minimum
equipment list (MMEL), should include items pertinent to operating in PBN
airspace.

(2) Navigation Accuracy Recds
The operator of an aircraft must be able to produce accuracy records.

(3) Training Programmes and Standard Operating Procedures (SOP's)
All initial training courses must be approved by B@AA prior to use and

the syllabus incorporated in thep@ators Manual. Recurrent training is
required on an annual basis and the items detailed below should be
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incorporated into training programmes and operating procedures. The
following general items should also be included in flight crew training
programmesof OMD together with any specific airape or operational
requirements:

Ministry of Transportation
and Telecommunications

(i) knowledge, understanding and compliance of standard ATC
phraseology and track messages used in each area of operations;

(i) PBN procedures for the applicable airspace

(i) Navigation equipment required to be operational for flight in
designated PBN airspace, limitations associated with the navigation
equipment;

(iv) Flight planning requirements;
(v) Entry, inflight and exit requirements and procedures

(vi) Contingency procedures for system failures or navigation inaccuracies.
(4) Operations Manuals and Checklists

The appropriate manuals and checklists must be revised to include
information/guidance/training on standard operating procedures. Manuals
and checksts must be submitted for review and approval byBGRAA as

part of the application process.

(d) Step4: Validation Flight(s)

During a formal inspection byAircraft Operations Inspectofassisted as
necessary by BCAA team), the operator demoregieshow the requirements are
being met.

The content of the application, procedures and training programmes may be
sufficient to validate the aircraft. However, the final step of the approval process
may require a validation flight through the specificspace by an Aircraft
Operations Inspector to verify that all relevant procedures are applied effectively.
If the performance is satisfactory, operational approval for the particular airspace
may be granted.

(e) Step5: Approval phase:

The Chief Aviaton Operations Section will ensure that the review of the
operations documentation is satisfactory and forward the result of review, along
with  his recommendations regarding operations approval, and the
recommendation from the Chief Airworthiness Inspetctio the Chief Aircraft
Permits and Licensing Section.

The Chief Aircraft Permits and Licensing Section will ensure that he has both
recommendations and required fee; then
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(1) Produce the required Letter of Approval (ALD/OPS/F100)

Ministry of Transportation
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(2) Present the cegficate to the Director for signature;
(3) Enter the approval details in the PBN data base;
(4) Provide the operator with the certificate; and

(5) Copy the certificate to Chief Airworthiness Inspection and Chief Aviation
Operations Section.

Note: SeeChapterl0, Operational Approvalparagraph 10.1

12. JOB AIDS (CAP 11 Volume 3)

Job aids have been developed to a®¥3AA inspectors in managing thprocess of

PBN operational approvals. The job aids provide both inspectors and operators with
guidance on thelocumentation required o be i ncluded in an op
and in addition,theitems that must bassessed kiyre FOI in order foranoperational

approval to be issued. The job aids also serve rasans ofrecording the
documentabn process.

The job aids summarisbd key elements to be assesardthereforeshould be used
as a guide to the approval procasdewever,frequent reference to ti@AP 11 Vols. 1
and 2will be required to identify detailed requirements for approval.

13. RNAYV 10 (DESIGNATED AND AUTHORIZED AS RNP 10)
13.1 General

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

RNP 10 was developed and implemented at a time when the delineation between
RNAYV and RNP had not been clearly defined. As the requirements for RNP 10 did
not include a requirement for droard perdrmance monitoring and alerting, it is
more correctly described as an RNAV operation and hence the inclusigxPiilas

RNAV 10.

Recognising that airspace, routes, airworthiness and operational approvals have been
designated as RNP 10, further @eaton of airspace, routesircraft and operator
approvals may continue to use the term RNP 10, whil€#f 11application will be

known as RNAV 10.

RNAV 10 is applicable to operations in oceanic and remote areas and does not require
any grounebased navigtion infrastructure or assessment.
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13.2 ATS Communications and Sirveillance
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CAP 11does not address communication or air traffic services (ATS) surveillance
requirements that may be specified for operation on a particular route or area. These
requiremats arespecified inother documents, such as the aeronautical information
publications (AIP) and ICAO Regional Supplementary Procedures (ICAO Doc 7030).
An operational approval conducted in accordance with the requireme@&R11
assumes that operataad flight crews take into account all the communication and
surveillance requirements related to RNP 10 routes.

13.3 SystemRequirements

RNAV 10 requires thaaircraft operating in oceanic and remote dreaquipped with
at least two independent anehdceable LRNSsCommonly available LRNs are:

(@ INS
(b) IRSFMS
(c) GNSS

The most common combinations of dual LRNs are:

(@ Dual INS

(b) Dual IRS

(c) Dual GNSS

(d) GNSS/IRS (IRS updated by GNSS)

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

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

The minimum level of GNSS receiver (TSO Cl9rapable of fault detection (FD)

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

Ministry of Transportation
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Despite the GNSS receiver capability for FDE, the satellite constellation may not
always be adequate to provide sufficient diddelavailability for the redundant
navigation solutions to be computed in order to identify and eliminate a faultyteatell
from the position solutiomnd in such situationsFDE is not available. In order to
limit the exposure to thgotential los®f a navigation solution due to unavailability of
FDE, a prediction ofatellite availabilityis required. ie maximum period during
which FDE is predicted to be unavailable is 34 minutes. This time limit is based on
the assumption that shouldfault occurduring a period when FDE is unavailable,
then navigation accuracy is reduced (DR).

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

Due to the time limitations applicable to INS or IRBe operator needs to evaluate
the route(s) to be flown to determine that RNAV 10 capability can be satisfied.

Accordingly, an RNAV 10 operational approval is not universal for aircraft without
GNSSandneedso apply to specific routes or be
for routeevaluation.

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

Manual updating is less command thereforethe operational approval needs to be
based on a more detailed examination of the circumstances.

Approvals for \arious updating procedurase based upon the baseline for which they
have been approved minus the time factors shown below:

(a) automatic updating using DME/DME = baseline minus 0.3 hours (e.g. an
aircraft that has beesmpproved for 6.2 hours can gair®Sours following an
automatic DME/DME update);

(b) automatic updating using DME/DME/VHF omnidirectional radio range
(VOR) = baseline minus 0fours; and

(c) manual updating using a method similar to that contained in FAA Order

8400.12A (as amendedhppendix 7 or approved by thd8CAA baseline
minus 1 hour.
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13.4 Operating Procedures
13.4.1 Flight Planning

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

A review of the operatords procedcdP e docu
11 and theBCAA regulatory requirements should héfgient to ensure compliance.

The essenti al el ements to be evaluated ar

(@) RNAYV 10 capability is indicated on the flight plésee Chapter 7).
(b) Route limitations are defined and observed (e.g. time limits)
(b) Enroute loss of capability is identified and reported

(d) Procedures for alternative navigation are described

GNSS based operations also require the prediction of FDE availability. Most GNSS
service prediction programs are based on a prediction astmateon and do not
generally provide predictions over a route or large area. HowémeRNAV 10
operationsthe probability that the constellation cannot support FDE is remote and
this requirement can be met by either a general route analysis oatcldippediction

of satellite availability. For exampla specified minimum satellite constellation may
be sufficient to support all RNAV 10 operations without specific #t@ak route
prediction being required.

13.4.2 Preflight Procedures

To ensure thathe aircraft is serviceable for RNAV 10 gpke following actions
should be completed during preflight:

(@) review maintenance logs and forms to ascertain the condition of the
equipment required for flight iRNP 10 airspace or on an RNP 10 route.
Ensue that maintenance action has been taken to codefects in the
required equipment;

(b) during the external inspection of an aircraft, if possible check the condition of
the navigation antennasd the condition of the fuselage skin in the vicinity
of each of these antennas (this check magidoemplished by a qualified and
authorized person other than the pilot, e.g. a flight enginesraortenance
person); and

(c) review the emergency procedures for operations in RNP 10 airspace or on

RNP 10 routes.These areno different than normal oceanic emergency
procedures with one exceptiercrews must be able tecognize when the
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aircraft is no longer able to navigate to its RNP 10 approval capability and
ATC must be advised.

Ministry of Transportation
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13.4.3 Enroute Procedures

At least two LRNSs capable of satisfying this navigation specification must be
operational at the oceanentry point. If this is not the case, then the pilot should
consider an alternate route which does not require that partezugsment or having

to male a diversion for repairs.

Before entering oceanic airspace, the position of the aircraft must be checked as
accurately as possible hysing external NAVAIDs. This may require DME/DME
and/or VOR checks to determine NSEs through displayedhetoc! posions. If the
system must be updated, the proper procedures should be followed with the aid of a
preparecthecklist.

Operator inrflight operating drills must include mandatory cra$eecking procedures
to identify navigationerrors in sufficient time to pwent aircraft from inadvertent
deviation from ATCcleared routes.

Crews must advise ATC of any deterioration or failure of the navigation equipment
below the navigatiomperformance requirements or of any deviations required for a
contingency procedure.

Pilots should use a lateral deviation indicator, flight director, or autopilot in lateral
navigation mode orRNP 10 operations. All pilots are expected to maintain route
centre lines, as depicted by dmard lateral deviationndicators and/or flight
guidarce, during all RNP operations described in this manual unless authorized to
deviate byATC or under emergency conditions. For normal operations, -trads
error/deviation (the difference between tR&IAV system computed path and the
aircraft position redtive to the path) should be limited to +%2 the navigasioturacy
associated with the route (i.e. 5 NM). Brief deviations from this standard (e.g.
overshoots or undershootsluring and immediately after route turns, up to a
maximum of one times the navigan accuracy (i.e. 10 NM), aadlowable.

Note: Some aircraft do not display or compute a path during turns. Pilots of these
aircraft may not be able to adhere to the +% accuracy standard during route
turns, but are still expected to satisfy the staddadwring intercepts following
turns and on straight segments.

13.5 Pilot Knowledge and Training

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

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

Ministry of Transportation
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Guidance on operational training requirements is contain€hapter 10, paragraph
10.1, Appendix 2and CAP 11Volumel, Chapter 8.

14. RNAVS5
141 General
This section replaces CAP BRNAV.

JAA Temporary Guidares Leaflet No. 2 was first published in July 1996, containing
Advisory Material for the Airworthiness Approval of Navigation Systems for use in
European Airspace Designated for Basic RNAV operations. Following the adoption
of AMC material by JAA and subseently responsibility being assigned to EASA,
this document has beenissued as AMC 24.

The FAA published comparable material under AG980on 20 March 1998. These
two documents provide identical functional and operational requirements.

In the contek of the terminology adopted by this CAP-RNAV and RNP 5
requirements are termed RNAV 5. Therefooperators previously certified as- B
RNAV or RNP5 compliant will be accepted as RNAV 5 compliant in accordance
with this CAP.

RNAYV 5 is intended for emoute navigation where there is adequate coverage of
groundbased radio navigation aids permitting DME/DME or VOR/DME area
navigation operations.

Consequentlyan RNAV 5 route is dependent upon an analysis of the supporting
navaid infrastructure. Howevecorsideration of navaid coverage m®t part of an
operational approval as this is the responsibility of the air navigation service provider.

14.2 System Requirements
(@) A single RNAV system only is required.

(b) A navigation database is not required. Manentry of waypoint data is
permitted, but is subject to human error.

(c) Storage of a minimum of 4 waypoints is required
(d) Navigation system alerting is not required.

() Navigation displays in the pilotods
trad following andmaneuvering

(f) The maximum crosgack error deviation permitted is 2.5NM
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(@) An RNAYV system failure indication is required.
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14.2.1 INS or IRS

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

GNSS approved in accordance with ETSO C129 (A), FAA TSO C129 (A) or, later
meets the requirements of RNAV 5.

Standalone receivers nmafactured to ETSO C129 or FAA TSO C12¢e also
applicable provided they include pseudmge step detection and health word
checking functions.

GNSS based operations require prediction that a service (with integrity) will be
available for the route. Mb&SNSS availability prediction programs are computed for

a specific location (normally the destination airport) and are unable to provide
predictions over a route or large area. HowgfgrRNAV 5, the probability of a loss

of GNSS integrity is remote arttie prediction requirement can normally be met by
determining that sufficient satellites are available to provide adequate continuity of
service.

14.3 Operating Procedures
14.3.1 General

Pilots of RNAV 5 aircraft must adhere to any AFM limitations qrerting
procedures required to maintdire navigation accuracy specified for the procedure.

All pilots are expected to maintain route centre lines, as depicted-bgayd lateral
deviation indicator@and/or flight guidance, during all RNAV operationssdribed in

this manual, unless authorized to deviate by AT@rater emergency conditions. For
normal operations, crodsack error/deviation (the difference between the RNAV
systemcomputed path and the aircraft position relative to the path) shouichitedl

to % the navigation accura@ssociated with the procedure or route (i.e. 2.5 NM).
Brief deviations from this standard (e.g. overshoots or undershdots)g and
immediately after procedure/route turns, up to a maximum of one times the navigation
accuracy (i.e. 5 NM)are allowable.

Note: Some aircraft do not display or compute a path during turns; pilots of these
aircraft may not beable to adhere to the +% accuracy standard during route
turns, but are still expected to satisfy the standard duntercepts of the final
track following the turn and on straight segments.

14.32 Flight Planning

For most operators normal RNAV operating procedures will meet the requirements of
RNAV 5.
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However,Operators and pilots should not request or file RN&\Xoutes unless they
satisfy all the criteria in theelevant documents. If an aircraft not meeting these
criteria receives a clearance from ATC to conduct an RIgfd¢edure, the pilot must
advise ATC that he/she is unable to accept the clearance andequest alternate
instructions.

Ministry of Transportation
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The essenti al el ements to be evaluated ar

(@) The aircraft is serviceable for RNAV, 5

(b) RNAV 5 capability is indicated on the flight plan

(c) Enroute loss of capality is identified and reportednd

(d) Procedures for alternative navigation are described

Where a navigation database is used, it should be current and appropriate for the
region of intendeaperation and must include the NAVAIDs and waypoints iregu
for the route.

If the navigation system does not use a navigation dataivas®ial waypoint entry
significantly increases the potential for navigation errors. Operating procedures need
to be robust to reduce the incidence of human error, includiogschecking of

entry, checking of tracks/distances/bearings against published routes and general
situational awareness and checking for reasonableness.

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

If ATC issues a heading assignment taking the aircraft off a route, the pilot should not
modify the flight planin the RNAV system until a clearance is received to rejoin the
route or the controller confirms a neslearance. When thaircraft is not on the
published route, the specified accuracy requirement does not apply.

As RNAV 5 operations are typically conducted in areas of adequate navaid coverage,
contingency procedures will normally involve reversion tovamtional groundased
radio navigation.

In the event of communications failure, the pilot should continue with the flight plan
in accordance withtheu bl i shed Al ost communicati onso

14.33 ABAS availability

Enroute RAIM levels are requirefbr RNAV 5 and can be verified either through
NOTAMs (whereavailable) or through prediction services. The operating authority
may provide specific guidance on how to comply wikis requirement (e.g. if
sufficient satellites are available, a predictiomy not be necessary). Operators
should b&amiliar with the prediction information available for the intended route.
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RAIM availability prediction should take into account the latest GPS constellation
NOTAMSs and avionicgnodel. The service may be provideg the ANSP, avionics
manufacturer, other entities or through an airborne recerRi&iM prediction
capability.
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In the event of a predicted, continuous loss of appropriate level of fault detection of
more than five minutefor any part of the RNAV 5 opetian, the flight planning
should be revised (i.e. delaying the departure or plannirdiffarent departure
procedure).

RAIM availability prediction software is a tool used to assess the expected capability
of meeting thenavigation performance. Due to dapned failure of some GNSS
elements, pilots/ANSP must realize that RAIM or GR&vigation may be lost
altogether while airborne, which may require reversion to an alternative means of
navigation.Therefore, pilots should assess their capability to navigadtentially to

an alternate destination) in case of failur&&fS navigation.

14.4 Pilot Knowledge and Training

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

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

Where additional training is required, this can normally be achieved by bulletin,
computer based training or classroometfing. Flight training is not normally
required.

Guidance on operational training requirements is containégppendix 2and CAP
11, Vols. 1 and 3

145 Operational Approval
The operational approval process for RNAV 5 is generally straightforwaseh) ¢inat
most aircraft are equipped with RNAV systems which exceed the minimum

requirements for RNAV 5.

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

15. RNAV 1 AND RNAV 2

15.1 General
The Joint Aviation Authorities (JAA) published airworthiness and operational
approval for precision area navigation-RRAV) on 1 November 200@hrough
TGL-10. The Federal Aviation Administration (FAA) published AC-200 U.S.

terminal and emoute area navigation (RNAV) operations on 7 January 2005. While
similar in functional requirements, differences exist between thesaldswoments.
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ICAO has therefore harmonized tluifferent criteriaof the European Precision
RNAV (P-RNAV) and United States RNAV (UBNAYV) into a single RNAV 1 and
RNAYV 2 specification.

Compliance with ICAO RNAV 1 and RNAV 2 obviates the need for further
assessment or AFM documentation. In addition, an operational approval to this
specification allowsan operator to conduct RNAV 1 and RNAV 2 operations
globally.

As there is no difference in the operatioagiproval for RNAV 1 and RNAV 2nd
thereforeonly a singleRNAV 1 and RNAV 2 approval is issueah operator with an
RNAV 1 and RNAV 2approval $ qualified to operate on both RNAVand RNAYV 2
routes. RNAV 2 routes may be promulgateccases where the navaid infrastructure
is unable to meet the accuracy requirements for RNAV 1.

For existing systems, compliance with bottRRAV (TGL-10) and U.S.RNAV
(FAA AC 90-100) assures automatic compliance with this CAP specification.

For operators holding only a-RNAV approval, or a USRNAV approval, it is
necessary to ensure that any additional requirements for RNAV 1 and RNAV 2 are
met. ICAO Doc. 9613PBN Manual, provides tables identifying these additional
requirements. (Part B, Chapter 3 Para 3.3.2.4.4).

The RNAV 1 and RNAV 2 navigation specification applies to:

(@) All ATS routes, including those established in ther@me domain;

(b) Standard instrument departures and arrivals (SID/STAR); and

(c) Instrument approach procedures up to the final approach fix (FAF)/final
approach poin(FAP).

The RNAV system may be based on:

(@) DME/DME
(b) DME/DME/IRU

(c) GNSS(including GNSS/IRY
A navigation database is required.

Navigation displays in the pilotés forwa
following and maneuvering.

The maximum crosgack error deviation permitted is ¥2 navigation accuracy

(@) 0.5NM for RNAV 1

(b) 1 NM for RNAV 2
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An RNAV system failure indication is required.
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As RNAV 1 and RNAV 2 operations can be based on DME/DME or DME/DME
IRU, the navaid infrastructure must be assessed to ensure adequate DME coverage.
This is the responsibility of the ANSP and is not pdithe operational approval.

The aircraft requirements for RNAV 1 and RNAV 2 are identical, while some
operating procedures are different.

System Requirements

RNAV 1 and RNAV 2 operations are based upon the use of RNAV equipment that
automaticallydetermines the aircraft position in the horizontal plane using input from
the following types of position sensors (no specific priority):

(a) Global navigation satellite system (GNS8)accordance with ETSO C129 (A),
FAA TSO C129 (A) or later meets thequirements of RNAV 1 and RNAV 2.

Standalone receivers manufactured to ETSO C129 or FAA TSO C129 is also
applicable provided they include pseudmge step detection and health word
checking functions.

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

CAP 11 makes reference to the posgtlyilof position errors causedby the
integrationof GNSS data and other positioning data and the potential netgkfor
deselection obther navigatiorsensors. This method of updating is commonly
associateavith IRS/GNSS systems and the weighting givemaidio updating is
such that it is unlikely that any potential reduction in positioning accuracy will be
significant in proportion to RNAV 1 and RNAV 2 navigation accuracy.

(b) DME/DME RNAYV equipment complying withequiredcriteria

(c) DME/DME/IRU RNAV equipment complying witmequiredcriteria.

152.1 On-board performance monitoring and alerting

(a) Accuracy: During operations in airspace or on routes designated as RNAV 1, the
LateralTotal systenError (TSE) must be within £1 NM for at least Q%er cent
of the total flight time.

The alongtrack error must also be within £1 NM for at least 95 per cent of the
total flight time. During operations in airspace or on routes designated as RNAV
2, the lateral total system error must be within 2 NMdbleast 95 per cent of
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the total flight time. The alonrgack error must also be within £2 NM for at least
95 per cent of the total flight time.
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(b) Integrity: Malfunction of the aircraft navigation equipment is classified as a
major failure conditiorunder ainverthiness regulations (i.e. 2®er hour).

(c) Continuity: Loss of function is classified as a minor failure condition if the
operator can revert to a different navigation system and proceed to a suitable
airport.

(d) Signalin-space: Dung operations in airspace or on routes designated as RNAV
1 if using GNSS, the aircraft navigation equipment shall provide an alert if the
probability of signalin-space errors causing a lateral positionregreater than 2
NM exceeds 10 per hour. Durig operations in airspace or on routes designated
as RNAV 2 if using GNSS, the aircraft navigation equipment shall provide an
alert if the probability of signah-space errors causing a lateral position rerro
greater than 4 NM exceeds 1per hour.

15.2.2 Functionality

For the majority of air transport aircraft equipped with FMS, the required
functionalities, with the exception of the provision of a mumeric lateral deviation
display are normally available. For this category of aircraft lateral aten is
displayed on a map display, usually with a numeric indication of trask error in
1/10th NM. Insome casea numericndication of crosgrack error maybe provided
outside theprimary field ofview (e.g. CDU). Acceptable lateral tracking acay for

both RNAV 1 and RNAV 2 routes is adequate provided the autopilot is engaged or
flight director is used.

Aircraft equipped with stanélone GNSS navigation systems, shall be installed to
provide track guidance via a CDI or HSI. A lateral deviatdisplay is often
incorporated in the unit, but is commonly neither of sufficient size nor suitable
position to allow either pilot to manoeuvre and adequately monitor eras&
deviation.

Caution shall be exercised in regard to the limitations of stdote GNSS systems
with respect to ARINC 424 path terminatorBath terminators involving an altitude
termination are not normally supported due to a lack of integration of the lateral
navigation system and the altimetry systerfRor example, a departugocedure
commonly specifies a course after takeoff until reaching a specified altitude (CA path
terminator). Using a basic GNSS navigation system it is necessary for the flight crew
to manually terminate the leg on reaching the specified altitude anch#éwgate to

the next waypoint, ensuring that the flight path is consistent with the departure
procedure. This type of limitation doesot precludeoperational approval provided
the operatords procedures and cintendedt r ai ni
flight path and other requirements can be met for all SIDs and STAR procedures.
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15.3 Operating Procedures

Operators with emoute RNAV experience will generally meet the basic requirements
of RNAV 1 and RNAV 2 and the operational approval klfi@tus on procedures
associated with SIDs and STARSs.

Particular attention shall be placed on selection of the correct procedure from the
database, review of the procedures, connection with theute phase of flight and

the management of discontinugie Similarly an evaluation shall be made of
proceduresto manage changes such as a change of runwagnd any crew
amendmentssuch as insertion or deletion of waypoints.

As RNAV 1 and RNAV 2 operations are typically conducted in areas of adequate
navaid coverage, contingency procedures |wilormally involve reversion to
conventional groundbased radio navigation.

153.1 Preflight planningrequirements.

(a) Operators and pilots intending to conduct operations on RNAV 1 and RNAV 2
routes should filehte appropriate flight plan suffixes.

(b) The onboard navigation data must be current and appropriate for the region of
intended operation and must include the NAVAIDs, waypoints, and relevant
coded ATS routes for departure, arrival, and alternatelaisfi

Note: Navigation databases are expected to be current for the duration of the
flight. If the AIRAC cycle is due to change during flight, operators and
pilots should establish procedures to ensure the accuracy of the navigation
data, including the stability of navigation facilities used to define the
routes and procedures for flight.

(c) The availability of the NAVAID infrastructure, required for the intended routes,
including any norRNAV contingencies, must be confirmed for the period of
intendedoperations using all available information. Since GNSS integrity (RAIM
or SBAS signal) is required by Annex 10, Volume |, the availability of these
should also be determined as appropriate. For aircraft navigating with the SBAS
receivers (all TSEC145/C14), operators should check appropriate GPS RAIM
availability in areas where the SBAS signal is unavailable.

(d) Aircraft-based augmentation system (ABAS) availahili/AIM levels required
for RNAV 1 and RNAV 2 can be verified either through NOTAMs énd
available) or through prediction services. The operating authority may provide
specific guidance on how to comply with this requirement (e.g. if sufficient
satellites are available, a prediction may not be necessary). Operators should be
familiar with the prediction information available for the intended route.

RAIM availability prediction should take into account the latest GPS
constellation NOTAMs and avionics model (when available). The service may be
provided by the ANSP, avionics manufacturerheot entities or through an
airborne receiver RAIM prediction capability.
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In the event of a predicted, continuous loss of appropriate level of fault detection
of more than five minutes for any part of the RNAV 1 or RNAV 2 operation, the
flight plan shouldbe revised (e.g. delaying the departure or planning a different
departure procedure).

RAIM availability prediction software does not guarantee a service; such tools
assess the RNAV systemd0s ability to mec¢
of unplannd failure of some GNSS elements, pilots/ANSP must realize that

RAIM or GPS navigation altogether may be lost while airborne which may
require reversion to an alternative means of navigation. Therefore, pilots should
assess their capability to navigate @utially to an alternate destination) in case

of failure of GPS navigation.

(e) Distance measuring equipment (DME) availabilitifor navigation relying on
DME, NOTAMs should be checked to verify the condition of critical DMEs.
Pilots should assess thedapability to navigate (potentially to an alternate
destination) in case of failure of critical DME while airborne.

153.2 General operating procedures

The pilot should comply with any instructions or procedures identified by the
manufacturer as necamy to comply with the performance requirements in this
chapter.

Operators and pilots should not request or file RNAV 1 and RNAV 2 routes unless
they satisfy all the criteria in the relevant State documents. If an aircraft not meeting
these criteria remves a clearance from ATC to conduct an RNAV route, the pilot
must advise ATC that he/she is unable to accept the clearance and must request
alternate instructions.

At system initialization, pilots must confirm the navigation database is current and
verify that the aircraft position has been entered correctly. Pilots must verify proper
entry of their ATC assigned route upon initial clearance and any subsequent change of
route. Pilots must ensure the waypoints sequence, depicted by their navigation system
matches the route depicted on the appropriate chart(s) and their assigned route.

Pilots must not fly an RNAV 1 or RNAV 2 SID or STAR unless it is retrievable by
route name from the elboard navigation database and conforms to the charted route.
However the route may subsequently be modified through the insertion or deletion of
specific waypoints in response to ATC clearances. The manual entcyeation of

new waypoints by manual entry, of latitude and longitude or rho/theta values is not
permitted.Additionally, pilots must not change any RNAV SID or STAR database
waypoint type from a fiyby to a flyover or vice versa.

Whenever possible, RNAV 1 and RNAV 2 routes in the@rte domain should be
extracted from the database in their entirety, raten loading individual waypoints
from the database into the flight plan. However, it is permitted to select and insert
individual, named fixes/waypoints from the navigation database, provided all fixes
along the published route to Héown are inserted. Mreover, the route may
subsequently be modified through the insertion or deletion of specific waypoints in
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response to ATC clearances. The creation of new waypoints by manual entry of
latitude and longitude or rho/theta values is not permitted.

Pilots shalld crosscheck the cleared flight plan by comparing charts or other
applicable resources with the navigation system textual display and the aircraft map
display, if applicable. If required, the exclusion of specific NAVAIDs should be
confirmed.

Note: Pilots may notice a slight difference between the navigation information
portrayed on the chart and their primary navigation display. Differences of 3
degrees or | ess may result from the
magnetic variation and are opationally acceptable.

During the flight, where feasible, the pilot should use available data from ground
based NAVAIDs to confirm navigational reasonableness.

For RNAV 2 routes, pilots should use a lateral deviation indicator, flight director or
autoplot in lateral navigation mode. Pilots may use a navigation map display with
equivalent functionality as a lateral deviation indicatothout a flight director or
autopilot.

For RNAV 1 routes, pilots must use a lateral deviation indicator, flight direot
autopilot in lateral navigation mode.

Pilots of aircraft with a lateral deviation display must ensure that lateral deviation
scaling is suitable for the navigation accuracy associated with the route/procedure
(e.g. fullscale deflection: £1 NM foRNAV 1, +2 NM for RNAV 2, or £5 NM for
TSO-C129() equipment on RNAV 2 routes).

All pilots are expected to maintain route centrelines, as depicted-bgpam lateral
deviation indicators and/or flight guidance during all RNAV operations described in
this manual, unless authorized to deviate by ATC or under emergency conditions. For
normal operations, crodsack error/deviation (the difference between the RNAV
system computed path and the aircraft position relative to the path, i.e. FTE) should
be limited to £ the navigation accuracy associated with the procedure or route (i.e.
0.5 NM for RNAV 1, 1.0 NM for RNAYV 2). Brief deviations from this standard (e.g.
overshoots or undershoots) during amidnediately after procedure/route turns, up to

a maximum ofonetimes the navigation accuracy (i.e. 1.0 NM for RNAV 1, 2.0 NM

for RNAV), are allowable.

Note: Some aircraft do not display or compute a path during turns, therefore, pilots
of these aircraft may not be able to adhere to the +% lateral navigation
accuacy during procedural/route turns, but are still expected to satisfy the
standard during intercepts following turns and on straight segments.

If ATC issues a heading assignment taking the aircraft off a route, the pilot should not
modify the flight planin the RNAV system until a clearance is received to rejoin the
route or the controller confirms a new route clearance. When the aircraft is not on the
published route, the specified accuracy requirement does not apply.
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Manually selecting aircraft batkki mi t i ng functions may r educ
maintain its desired track and are not recommended. Pilots should recognize that
manually selectable aircraft bafikiting functions might reduce their ability to

satisfy ATC path expectations, espdly when executing large angle turns. This

should not be construed as a requirement to deviate from aeroplane flight manual
procedures; rather, pilots should be encouraged to limit the selection of such functions
within accepted procedures.

153.3 RNAV SID specific requirements

Prior to commencing take f f , the pilot mu st verify th
available, operating correctly, and the correct airport and runway data are loaded.
Prior to flight, pilots must verify their aircraft navigatisgstem is operating correctly

and the correct runway and departure procedure (including any applicaldaten

transition) are entered and properly depicted. Pilots who are assigned an RNAV
departure procedure and subsequently receive a change of rupnwagdure or

transition must verify the appropriate changes are entered and available for navigation
prior to takeoff. A final check of proper runway entry and correct route depiction,

shortly before tak®ff, is recommended.

RNAV engagement altitude.The pilot must be able to use RNAV equipment to
follow flight guidance for lateral navigation e.g., LNAV no later than 153 m (500 ft)
above the airport elevation. The altitude at which RNAV guidance begins on a given
route may be higher (e.g. climbto3 (1 000 ft) then direct

Pilots must use an authorized method (lateral deviation indicator/navigation map
display/flight director/autopilot) to achieve an appropriate level of performance for
RNAV 1.

DME/DME aircraft. Pilots of aircraft withoutGPS, using DME/DME sensors
without IRU input, cannot use their RNAV system until the aircraft has entered
adequate DME coverage. The air navigation service provider (ANSP) will ensure
adequate DME coverage is available on each RNAV (DME/DME) SID at an
aceptable altitude. The initial legs of the SID may be defined based on heading.

DME/DME/IRU (D/D/1) aircraft. Pilots of aircraft without GPS, using DME/DME
RNAYV systems with an IRU (DME/DME/IRU), should ensure the aircraft navigation
system position isanfirmed, within 304 m (1 000 ft) (0.17 NM) of a known position,

at the starting point of the takdf roll. This is usually achieved by the use of an
automatic or manual runway update function. A navigation map may also be used to
confirm aircraft positia, if the pilot procedures and the display resolution allow for
compliance with the 304 m (1 000 ft) tolerance requirement.

Note: Based on evaluated IRU performance, the growth in position error after
reverting to IRU can be expected to be less than 2pBIM.5 minutes.

GNSS aircraft. When using GNSS, the signal must be acquired before theotike
roll commences. For aircraft using TST129/C129A equipment, the departure
airport must be loaded into the flight plan in order to achieve the appropriate
navigation system monitoring and sensitivity. For aircraft using -C3@5a/C146a
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avionics, if the departure begins at a runway waypoint, then the departure airport does
not need to be in the flight plan to obtain appropriate monitoring and sensitivity.
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15.3.4 RNAV STAR specific requirements

Prior to the arrival phase, the pilot should verify that the correct terminal route has
been loaded. The active flight plan should be checked by comparing the charts with
the map display (if applicable) and the MCDUhis includes confirmation of the
waypoint sequence, reasonableness of track angles and distances, any altitude or
speed constraints, and, where possible, which waypoints alg/ fynd which are
flyover. If required by a route, a check will need to be enconfirm that updating

will exclude a particular NAVAID. A route must not lsed if doubt exists as to the
validity of the route in the navigation database.

Note: As a minimum, the arrival checks could be a simple inspection of a suitable
map displg that achieves the objectives of this paragraph.

The creation of new waypoints by manual entry into the RNAV system by the pilot
would invalidate the route and is not permitted.

Where the contingency procedure requires reversion to a conventiamal soute,
necessary preparations must be completed before commencing the RNAV route.

Route modifications in the terminal area may take the form of radar headings or
Adi rect too clearances and the pilot mus
This may include the insertion of tactical waypoints loaded from the database. Manual
entry or modification by the pilot of the loaded route, using temporary waypoints or

fixes not provided in the database, is not permitted.

Pilots must verify their airaft navigation system is operating correctly and the
correct arrival procedure and runway (including any applicable transition) are entered
and properly depicted.

Although a particular method is not mandated, any published altitude and speed
constraintsnust be observed.

153.5 Contingency procedures

The pilot must notify ATC of any loss of the RNAV capability, together with the
proposed course of action. If unable to comply with the requirements of an RNAV
route, pilots must advise ATS as soon assgime. The loss of RNAV capability
includes any failure or event causing the aircraft to no longer satisfy the RNAV
requirements of the route.

In the event of communications failure, the pilot should continue with the RNAV
route in accordance with estshed lost communications procedures.
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15.4 Pilot Knowledge and Training

During the operational approval, particular attention shall be placed on the application
of pilot knowledge and training to the conduct of RNAV 1 and RNAV 2 SIDs and
STARs.Most crewswill already have some experience RNAV operatiortserefore,

many of the knowledge and training items will have previously been covered in past
training.

Execution of SIDs and STARs, connection with ther@ute structure and transition
to appoach procedures require a thorough understanding of the airborne equipment
its functionality and management.

Particular attention shall be placed on:

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

(b) Management of changes (procedure, runway, track)

(c) Turn management (turn indications, airspeed & bank angle, lack of guidance in
turns)

(d) Route modification (insertion/deletion of waypointgedi to waypoint)

(e) Intercepting route, radar vectors

Where GNSS is used, flight crews must be trained in GNSS principles related to en
route navigation.

Flight training for RNAV 1 and RAV 2 is not normally required athe required
level of competene can normally be achieved by classroom briefing, comghased
training desktopsimulator training, or a combination of these methods. Comyputer
basedsimulator programare available from a number of GPS manufacturers which
provide a convenient methoarf familiarity with programming and operation of
stand alone GNSS systems.

Although not specifically mentioned in RNAV 1 and RNAV 2 navigation
specification, where VNAV is used for SIDs and STAR#gention shall be given to
the management of VNAV and exfically the potential for altitude constraints to be
compromised in cases where the lateral flight path is changed or intercepted.

Guidance on operational training requirements is containégppendix 2and CAP
11,Vols. 1 and 3.

16. RNP 4
16.1 Genegal
RNP 4 is a navigation specification applicable to oceanic and remote air¢pace

supports 30NM lateral and 30NM longitudinal separation.
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For RNP 4 operational approval:

(@) Two fully serviceable independeliing range navigation systerfldRNSs)
are required

(b) At least one GNSS receiver is requirédcan be used as eitherstand
alone navigation system or as one of the sensors in aseolpr system.

(c) A navigation database is required.

(d) Navigatondi spl ays i n the pilotds forward
trackfollowing and manoeuvring

(e) The maximum crossrack error deviation permitted is 2NM

The equipment configuration used to demonstrate the required accuracy must be
identical to he configuration specified in the MEL or flight manual.

The design of the installation must comply with the design standards that are
applicable to the aircraft being modified and changes must be reflected in the flight
manual prior to commencing operts requiring an RNP 4 navigation approval.

Operators holding an existing RNP 4 operational approval do not need te be re
examined aPBN requirements are essentially unchanged.

16.2 Aircraft requirements
16.2.1 Global navigation satellite system (GNSS

United States FAA Advisory Circular AC Z2IB8A, or equivalent documents,
provides an acceptabieeans of complying with installation requirements for aircraft
that use, but do not integrate, the GNSS output with thath&fr sensors. FAA AC
20-130A desribes an acceptable means of compliance for reatisor navigation
systems thaihcorporate GNSS.

GNSS is fundamental to the RNP 4 navigation specificativereby avoidingany

need to impose a time limit on operations. The consequences of a lossS& GN
navigation need to be considered and there are a number of requirements in the
navigation specification to address this situation.

Irrespective of the number of GNSS receivers carried, as there is a remote probability
that a fault may be detected-eute, a fault detection and exclusion (FDE) function
needs be installed.

This function is not standard on TSO C129a receivers and for oceanic operations a
modification is required.

With FDE fitted, integrity monitoring is available provided there areficant

satellites of a suitable configuration in viewsome reduction in availability of a
positioning service with integrity results, as additional satellites are required

CAP 11 Vol. 2 Initial 38 15 October 2017



KINGDOM OF BAHRAIN Gy dl &=l
oy YL \(¢ %/ ‘,\ ¥ ‘/
N Y > It bYW
V‘u%a) e 3
l 4

Ministry of Transportation
and Telecommunications

Although for RNP 4 athe alerting requirements are large, it is highly impbddahat
service will not beavailable.

The RNP 4 navigation specification does not require a dispatch prediction of the
availability of integrity monitoring (with FDE) in the case of a mgknsor system. In

this context a system integrating GNSS an8 IR a suitable muksensor system. A
prediction of GNSS availability is therefore not considered necessary thesensor
system will revert to IRS in the remote possibility that GNSS is unavailable.

Other methods of integrity monitoring, discusseddem the heading Aircraft
Autonomous Integrity Monitoring (AAIM) in Part 1, utilise hybrid GNSS/IRS
monitoring systems which provide increased availability sufficient to not require a
dispatch prediction to be conducted. Examples of these systems are ldbhé& A

and Litton AIME.

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

16.2.2 On-board performance monitoring and alerting

(&) Accuracy: During operations in airspace or on routes datgnasRNP 4 the
LateralTotal systenError (TSE) must be within # NM for at least 95 per cent
of the total flight time.

(b) Integrity: Malfunction of the aircraft navigation equipment is classified as a
major failure condition under airworthinesguéations (i.e10° per hour).

(c) Continuity: Loss of function is classified as a major failure condition for oceanic
and remote navigation. The continuity requirement is satisfied by the carriage of
dual independent loagange navigation systems (exding signadin-space).

(c) Onboard performance monitoring and alertididie RNP system, or the RNP
system and pilot in combination, shall provide an alert if the accuracy
requirement is not met, or if the probability that the lateral T8eeds 8 NMs
greater than 10

(d) Signatin-space:lf using GNSS, the aircraft navigation equipment shall provide
an alert if the probability of sign@h-space errors causing a lateral positionrerro
greater than 8 NM exceeds 1per hour.

Note: Compliance wh the onrboard performance monitoring and alerting
requirement does not imply an automatic monitor of flight technical error. The
on-board monitoring and alerting function should consist at least of a
navigation system error (NSE) monitoring and alertialgorithm and a
lateral deviation display enabling the crew to monitor the flight technical
error (FTE). To the extent operational procedures are used to monitor FTE,
the crew procedure, equipment characteristics, and installation are evaluated
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for their dfectiveness and equivalence as described in the functional
requirements and operating procedures. Path definition error (PDE) is
considered negligible due to the quality assurance proce®4.§ and crew
procedures10.2.2.

16.2.2 Functionality

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

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

The navigation specification includes some requirements fdyyfliransition criteria.

The default method for RNAV systems to manage turngha intersection of
Astraighto route segments (TF/ TF), i's to
angle of bank, a position at which the turn shall commence so that the resulting radius
will turn inside the angle created by the two consecutive segme a-bhg 0 fit hye
intermediate waypoint. For aircraft fitted with a staaldne GNSS system or an FMS
fly-by transitions are a standard function and shall not require specific evaluation.
However a stanéalone GNSS receivanay require a pilot actiorotinitiate the turn.

All turns are limited by the physical capability of the aircraft execute a turn of suitable
radius. In normal cases where the angle between track is small there is seldom a
problem, but operators need to be aware that large angle pamgularly at high
altitude where TAS is high and bank angle is commonly limitadh be outside the
aircraft capability. While this condition is rare, flight crews need to be aware of the
aircraft and avionics limitations.

16.3 Operating Procedures
The standard operating procedures adopted by operators flying on oceanic and remote
routes shall normally be generally consistent with RNP 4 operations, except that some
additional provisions may need to be included to specifically address RNP 4
operations

A review of the operatorédés procedGAPe docu
11 and the BCAA regulatory requirements shall be sufficient to ensure compliance.
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16.3.1 Preflight planningrequirements.

Operators should use the appropriate IC#ght plan designation specified for the
RNP rout e. The |l etter ARO should be plac
indicate the pilot has reviewed the planned route of flight and determined the RNP
requirements and the aircraft and operator agrdor RNP routes. Additional
information should be displayed in the remarks section indicating the accuracy
capability, such as RNP 4 versus RNP 10. It is important to understand that additional
requirements will have to be met for operational authodmaith RNP 4 airspace or

on RNP 4 routes. Controllgrilot data link communications (CPDLC) and automatic
dependent surveillancecontract (ADSC) systems will also be required when the
separation standard is 30 NM lateral and/or longitudinal. Thboand navigation

data must be current and include appropriate procedures.

Note: Navigation databases are expected to be current for the duration of the flight.
If the AIRAC cycle is due to change during flight, operators and pilots should
establish procedureso ensure the accuracy of navigation data, including
suitability of navigation facilities used to define the routes and procedures for
flight.

The flight crew shall:

(a) review maintenance logs and forms to ascertain the condition of the equipment
requiredfor flight in RNP 4 airspace or on routes requiring RNP 4 navigation
capability;

(b) ensure that maintenance action has been taken to correct defects in the required
equipment; and

(c) review the contingency procedures for operations in RNP 4 airgpameroutes
requiring an RNP 4 navigation capability. These are no different than normal
oceanic contingency procedures with one exception: crews must be able to
recognize, and ATC must be advised, when the aircraft is no longer able to
navigate to its RR 4 navigational capability.

16.3.2 Availability of GNSS

At dispatch or during flight planning, the operator must ensure that adequate
navigation capability is available en route to enable the aircraft to navigate to RNP 4
and to include the availaliji of FDE, if appropriate for the operation.

16.3.3 En route
At least two LRNSs, capable of navigating to RNP 4, and listed in the flight manual,
must be operational at the entry point of the RNP airspace. If an item of equipment

required for RNP 4 opations is unserviceable, then the pilot should consider an
alternate route or diversion for repairs.
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Crews must advise ATC of any deterioration or failure of the navigation equipment
that cause navigation performance to fall below the required level, and/or any
deviations required for a contingency procedure.

Pilots should use a lateral deviation indicator, flight director, or autopilot in lateral
navigation mode on RNP 4 routes. Pilots may use a navigation map display with
equivalent functionality to a lateral deviation indicator. Pilots of aircraft with a lateral
deviation indicator must ensure that the lateral deviation indicator scalings¢faii
deflection) is suitable for the navigation accuracy associated with the route (i.e. 4
NM). All pilots are expected to maintain route centrelines, as depicted-bpauh
lateral deviation indicators and/or flight guidance during all RNP operations described
in this manual unless authorized to deviate by ATC or under emergency conditions.
For normal operations, cres®ck error/deviation (the difference between the RNAV
system computed path and the aircraft position relative to the path) should be limited
to +%4 the navigation accuracy associated with the route (i.e. 2 NM). Brief deviations
from this standard (e.g. overshoots or undershoots) during and immediately#ter ro
turns, up to a maximum of osfignes the navigation accuracy (i.e. 4 NM), are
allowable.

164 ATS Communications and Surveillance

CAP 11does not address communication or air trasbevices (ATS) surveillance
requirements that may be specified fpection on a particular route or area. These
requirementsare specified in other documents, such as the aeronautical information
publications (AIP) and ICAO Regional Supplementary Procedures {D&0).

An operational approval conducted in accordanddé wie requirements cCAP 11
assumes that operators and flight crews take into account all the communication and
surveillance requements related to RNP 4 routes (ICAO Annex 6 Part |, Chapter 7
and AC/ALD.GEN/xx/2017).

16.5 Pilot Knowledge and Training

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

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

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

Guidance on operational training requirements is containecopedix2 and CAP
11, Vols 1 and 3
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17. RNP2reserved

18. RNP 1

18.1 General
RNP 1 is based on GNSS positioning. The navigation specification is intended to
support arrival and departure procedures without the dependence on a DME/DME

infrastructure.

Other than the requirement for GNSS there is no significant difference between the
RNAYV 1 and 2 navigation specification and RNP 1.

RNP 1 shall not be used in areas of known navigation signal (GNSS) interference.
18.1.1 Operational Approval

Operators bGNSS equipped aircraft holding an RNAV 1 and 2 operational approvals
qualify for RNP 1 subject to the following conditions:

(@) Manual entry of SID/STAR waypoints is not permitted

(b) Pilots of aircraft with RNP input selection capability (typically gqupad
FMS aircraft)shall select RNP 1 or lower for RNP 1 SIDs and STARs

(o) IfaRNP 1 SID or STAR extends beyond 30NM from the ARP in some cases
the CDlIscale may need to be set manually to maintain FTE within limits (see
below)

(d) If a MAP displa is used, scaling must be suitable for RNP 1 and a FD or AP
used.

Operators of GNSS equipped aircraft holding bo#RNPAV and US RNAV
approvals also meet the requirements for RNAV 1 and 2 and therefore also qualify for
RNP 1 subject to the additional abtions listed in the previous paragraph.

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

18.1.2 Summary
A single RNAV system only is required.
GNSS is required.
A navigation database is required.

Navigation displays in the pilotdés forwa
following and manoeuvring.
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MAP display (without CDI) is acceptable provided FD or AP is used.

The maximum crostrack error deviation penitted is 0.5NM.

18.2 Aircraft requirements

The following systems meet the accuracy, integrity and continuity requirements of
these criteria.

(@)

(b)

()

aircraft with E/TSGC129a sensor (Class B or C), E/T®245() and the
requirements of E/TS@115b FMS, mstalled for IFR use in accordance with
FAA AC 20-130A;

aircraft with E/TSGC129a Class Al or E/TS0146() equipment installed for
IFR\ use in accordance with FAA AC 288 or AC 20138A;

aircraft with RNP capability certified or approvedeaguivalent standards.

18.2.1 On-board performance monitoring and alerting

(a) Accuracy: During operations in airspace or on routes designated &s1RNhe

(b)

(€)

(d)

(€)

LateralTotal systemError (TSE) must be within 1 NM for at least 95 per cent
of the total flighttime.

The alongtrack error must also be within £1 NM for at least 95 per cent of the
total flight time. During operations in airspace or on routes designafeiRs],

the lateral total system error must be withinNM for at least 95 per cent of the
total flight time. The alondgrack error must also be withirl4&NM for at least 95

per cent of the total flight timélo satisfy the accuracy requirement, the 95 per
cent FTE should not exceed 0.5 NM.

Note: The use of a deviation indicator with 1 NM fathle deflection has been
found to be an acceptable means of compliance. The use of an autopilot or
flight director has been found to be an acceptable means of compliance
(roll stabilization systems do not qualify).

Integrity: Malfunction of the aicraft navigation equipment is classified as a
major failure condition under aiwthiness regulations (i.e. ¥@er hour).

Continuity: Loss of function is classified as a minor failure condition if the
operator can revert to a different navigat®ystem and proceed to a suitable
airport.

On-board performance monitoring and alertinhe RNP system, or the RNP
system and pilot in combination, shall provide an alert if the accuracy
requirement is not met, or if the probability that the lat@@iE exceeds 1 NM is
greater than % 10°°.

Signatin-space: During operations in airspace or on routes designated &I1RN
if using GNSS, the aircraft navigation equipment shall provide an alert if the
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probability of signalin-space errors caugjra lateral position err@reater than 2
NM exceeds 10 per hour.

Note: Compliance with the oehoard performance monitoring and alerting
requirements does not imply automatic monitoring of flight technical
errors. The orboard monitoring and alertinguhction should consist at
least of a navigation system error (NSE) monitoring and alerting
algorithm and a lateral deviation display enabling the crew to monitor the
flight technical error (FTE). To the extent operational procedures are used
to monitor FTE the crew procedure, equipment characteristics, and
installation are evaluated for their effectiveness and equivalence, as
described in the functional requirements and operating procedures. Path
definition error (PDE) is considered negligible due to thealgy
assurance proceg40.1.5 and crew procedured 0.2.2.

18.2.2 Functionality

CAP 11lists the functional requirements for RNP 1 which are identical to RNAV 1
and 2.

For the majority of air transport aircraft equipped with FMS, the required
functionalities, with the exception of the provision of a mammeric lateral deviation
display are normally available. For this category of aircraft lateral deviation is
displayed on a map display, usually with a numeric indication of trask error in
1/10th NM.

In some cases a numeric indication of crvask error may be provided outside the
primary field of view (e.g. CDU). Acceptable lateral tracking accuracy for RNP 1
routes is adequate provided the autopilot is engaged or flight director is used.

Aircraft equipped with standalone GNSS navigation systems, shall be installed to
provide track guidance via a CDI or HSI. A lateral deviation display is often
incorporated ito the unitand may be suitable if of sufficient size and position to
allow either pilot to manoeuvre and monitor crdassck deviation.

Caution shall be exercised in regard to the limitations of sadonie GNSS systems

with respect to ARINC 424 path terminators. Path terminators involving an altitude
termination are not normally pported due to a lack of integration of the lateral
navigation system and the altimetry system. For example, a departure procedure
commonly specifies a course after takeoff until reaching a specified altitude (CA path
terminator). Using a basic GNSfavigdion system it is necessary for the flight crew

to manually terminate the leg on reaching the specified altitude and then navigate to
the next waypoint, ensuring that the flight path is consistent with the departure
procedure. This type of limitation doast preclude operational approval (as stated in
CAP 11 requiremen)s provi ded the operator6s proce
adequate to ensure that the intended flight path and other requirements can be met for
all SID and STAR procedures.

CAP 11 Vol. 2 Initial 45 15 October 2017



KINGDOM OF BAHRAIN

z - 'f|;/£ 2%

Ministry of Transportation
and Telecommunications

182.3 Criteria for specific navigation systems:Belection of Radio Updating

There is a possibility of position errors caused by the integration of GNSS data with
other positioning data and the potential need fosalection of other navigation
sensors. While its unlikely that any reduction in positioning accuracy will be
significant in proportion to the required RNP 1 navigation accuracy, this should be
confirmed. Otherwise, a means to deselect other sensors should be provided and the
operating procedures sHdueflect this.

Note: For RNP procedures, the RNP system may only use DME updating when
authorized by the State. The manufacturer should identify any operating constraints
(e.g., manual inhibit of DME) in order for a given aircraft to comply with this
requirement. This is in recognition of States where a DME infrastructure and capable
equipped aircraft are available. Those States may establish a basis for aircraft
gualification and operational approval to enable use of DME. It is not intended to
imply a requirement for implementation of DME infrastructure or the addition of RNP
capability using DME for RNP operations. This requirement does not imply an
equipment capability must exist providing a direct means of inhibiting DME updating.
A procedural meansof the pilot to inhibit DME updating or executing a missed
approach if reverting to DME updating may meet this requirement.

18.3 Operating Procedures

Operators with emoute RNAV experience will generally meet the basic requirements
of RNP 1 and the opational approval shall focus on procedures associated with SIDs
and STARs.

Particular attention shall be placed on selection of the correct procedure from the
database, review of the procedures, connection with thewda phase of flight and

the manageent of discontinuities. Similarlyan evaluation shall be made of
procedureso managechangessuch as change of runwand any crew amendments
such as insertion or deletion of waypoints.

18.3.1 Preflight planningrequirements.

(a) Operators and fats intending to conduct operatioos RNP 1 SIDs and STARs
should file the appropriate flight plan suffixes.

(b) The onboard navigation data must be current amtlude appropriate
procedures.

Note: Navigation databases are expected to be currentife duration of the
flight. If the AIRAC cycle is due to change during flight, operators and
pilots should establish procedures to ensure the accuracy of the navigation
data, including the suitability of navigation facilities used to define the
routes aml procedures for flight.

(c) The availability of the NAVAID infrastructure, required for the intended routes,

including any norRNAV contingencies, must be confirmed for the period of
intended operations using all available information. Since GNSS itytéBAIM
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or SBAS signal) is required by Annex 10, Volume |, the availability of these
should also be determined as appropriate. For aircraft navigating with the SBAS
receivers (all TS@C145/C146), operators should check appropriate GPS RAIM
availability inareas where the SBAS signal is unavailable.

(d) Aircraft-based augmentation system (ABAS) availahiligfAIM levels required
for RNP 1can be verified either through NOTAMs (where available) or through
prediction services. The operating authority npagvide specific guidance on
how to comply with this requirement (e.g. if sufficient satellites are available, a
prediction may not be necessary). Operators should be familiar with the
prediction information available for the intended route.

RAIM availallity prediction should take into account the latest GPS
constellation NOTAMSs and avionics model (when available). The service may be
provided by the ANSP, avionics manufacturer, other entities or through an
airborne receiver RAIM prediction capability.

In the event of a predicted, continuous loss of appropriate level of fault detection
of more than five minutes for any part of tR&P 1operation, the flight plan
should be revised (e.g. delaying the departure or planning a different departure
procedure).

RAIM availability prediction software does not guarantee a service; such tools
assess the RNAV systemds ability to mec¢
of unplanned failure of some GNSS elements, pilots/ANSP must realize that

RAIM or GPS navigatiomaltogether may be lost while airborne which may

require reversion to an alternative means of navigation. Therefore, pilots should
assess their capability to navigate (potentially to an alternate destination) in case

of failure of GPS navigation.

18.3.2 General operating procedures

The pilot should comply with any instructions or procedures identified by the
manufacturer as necessary to comply with the performance requirements in this
chapter.

Operators and pilots should not request or&NP 1 procdures unless they satisfy

all the criteria in the relevant State documents. If an aircraft not meeting these criteria
receives a clearance from ATC to condad®NP 1 procedurehe pilot must advise

ATC that he/she is unable to accept the clearance amst mequest alternate
instructions.

At system initialization, pilots must confirm the navigation database is current and
verify that the aircraft position has been entered correctly. Pilots must verify proper
entry of their ATC assigned route upon irlitéearance and any subsequent change of
route. Pilots must ensure the waypoints sequence, depicted by their navigation system,
matches the route depicted on the appropriate chart(s) and their assigned route.

Pilots must not flya RNP 1SID or STAR unles it is retrievable by route name from
the onboard navigation database and conforms to the charted route. However, the
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route may subsequently be modified through the insertion or deletion of specific
waypoints in response to ATC clearances. The manuay,emt creation of new
waypoints by manual entry, of latitude and longitude or rho/theta values is not
permitted. Additionally, pilots must not change any RNAV SID or STAR database
waypoint type from a flyby to a flyover or vice versa.

Pilots should arsscheck the cleared flight plan by comparing charts or other
applicable resources with the navigation system textual display and the aircraft map
display, if applicable. If required, the exclusion of specific NAVAIDs should be
confirmed.

Note: Pilots may notice a slight difference between the navigation information
portrayed on the chart and their primary navigation display. Differences of 3
degrees or | ess may result from the
magnetic variation and are operatiohaacceptable.

Crosschecking with conventional NAVAIDs is not required, as the absence of
integrity alert is considered sufficient to meet the integrity requirements. However,
monitoring of navigation reasonableness is suggested, and any loss of [piRitya
shall be reported to ATC.

For RNP 1 routes, pilots must use a lateral deviation indicator, flight director, or
autopilot in lateral navigation mode.

Pilots of aircraft with a lateral deviation display must endhed lateral deviation
scalingis suitable for the navigation accuracy associated with the route/procedure
(e.g. fulkscde deflection: £1 NM for RNP 1)

All pilots are expected to maintain route centrelines, as depicted-bgpam lateral
deviation indicators and/or flight guidancarohg all RNAV operations described in

this manual, unless authorized to deviate by ATC or under emergency conditions. For
normal operations, crodsack error/deviation (the difference between the RNAV
system computed path and the aircraft position x&at the path, i.e. FTE) should

be limited to £% the navigation accuracy associated with the procedure or route (i.e.
0.5 NM for RNP 1. Brief deviations from this standard (e.g. overshoots or
undershoots) during anchmediately after procedure/route taymup to a maximum of
onetimes the navigation accuracy (i.e. 1.0 NM RNMP 1), are allowable.

Note: Some aircraft do not display or compute a path during turns, therefore, pilots
of these aircraft may not be able to adhere to the +% lateral navigation
accuracy during procedural/route turns, but are still expected to satisfy the
standard during intercepts following turns and on straight segments.

If ATC issues a heading assignment taking the aircraft off a route, the pilot should not
modify the flightplan in the RN system until a clearance is received to rejoin the
route or the controller confirms a new route clearance. When the aircraft is not on the
published route, the specified accuracy requirement does not apply.
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Manually selecting aircraftb&n | i mi t i ng functions may red
maintain its desired track and are not recommended. Pilots should recognize that
manually selectable aircraft bafikiting functions might reduce their ability to

satisfy ATC path expectations, espally when executing large angle turns. This

should not be construed as a requirement to deviate from aeroplane flight manual
procedures; rather, pilots should be encouraged to limit the selection of such functions
within accepted procedures.

18.3.3 RNP 1SID specific requirements

Prior to commencing take f f , the pilot mu sPtlsystemris f y t h
available, operating correctly, and the correct airport and runway data are loaded.
Prior to flight, pilots must verify their aircraft navitan system is operating correctly

and the correct runway and departure procedure (including any applicaldaten

transition) are entered and properly depicted. Pilots wh@assigned a RN&eparture

procedure and subsequently receive a change of gympracedure or transition must

verify the appropriate changes are entered and available for navigation prior-to take

off. A final check of proper runway entry and correct route depiction, shortly before
takeoff, is recommended.

RNP 1 emgagement altituel The pilot must be able to use RNBquipment to follow
flight guidance for lateral navigation e.g., LNAV no later than 153 m (500 ft) above
the airport elevation.

Pilots must use an authorized method (lateral deviation indicator/navigation map
display/flight director/autopilot) to achieve an appropeidével of performance for
RNP1.

GNSS aircraft. When using GNSS, the signal must be acquired before theothike

roll commencesk-or aircraft using TS@129a avionics, the departure airport must be
loaded into the flight plan in order to achieve the appropriate navigation system
monitoring and sensitivity. For aircraft using T&245()/C146() avionics, if the
departure begins at a runway waypoint, then the departure airport does not need to be
in theflight plan to obtain appropriate monitoring and sensitivity. If the RNP 1 SID
extends beyond 30 NM from the ARP and a lateral deviation indicator is used;its full
scale sensitivity must be selected to not greater than 1 NM between 30 NM from the
ARP andthe termination of the RNP 1 SID (see 18.4 below).

For aircraft using a lateral deviation display (i.e. navigation map display), the scale
must be set for the RNP 1 SID, and the flight director or autopilot should be used.

18.3.4 RNP 1STAR specific requements

Prior to the arrival phase, the pilot should verify that the correct terminal route has
been loaded. The active flight plan should be checked by comparing the charts with
the map display (if applicable) and the MCDU. This includes confirmatfotine
waypoint sequence, reasonableness of track angles and distances, any altitude or
speed constraints, and, where possible, which waypoints aby fand which are
flyover. If required by a route, a check will need to be made to confirm that updating
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Note: As a minimum, the arrival checks could be a simple inspection of a suitable
map display that achieves the objeesi\of this paragraph.

The creation of new waypdms by manual entry into the RNPs¥stem by the pilot
would invalidate the route and is not permitted.

Where the contingency procedure requires reversion to a conventional arrival route,
necessary prepations must be completed before commencindriN® 1 procedure

Proceduramodifications in the terminal area may take the form of radar headings or
Adirect too clearances and the pil ot mu s
This may include th insertion of tactical waypoints loaded from the database. Manual

entry or modification by the pilot of the loaded route, using temporary waypoints or

fixes not provided in the database, is not permitted.

Pilots must verify their aircraft navigation $gm is operating correctly and the
correct arrival procedure and runway (including any applicable transition) are entered
and properly depicted.

Although a particular method is not mandated, any published altitude and speed
constraints must be observed.

Aircraft with TSOC129a GNSS RNP systems: If the RNP 1 STAR begins beyond 30
NM from the ARP and a lateral deviation indicator is used, then full scale sensitivity
should be manually selected to not greater than 1 NM prior to commencing the
STAR. For aicraft using a lateral deviation display (i.e. navigation map display), the
scale must be set for the RNP 1 STAR, and the flight tiresr autopilot should be
used (see 18.4 below).

18.3.5 FMS Systems

Aircraft equipped with a flight management systermgnmally integrate positioning
from a number of sources (radio navaids, GNSS) often using amuiie receiver
(MMR) with IRS.

In such systemshe navigation capability, alerting and other functions are based upon
an RNP capabilityThe RNP for a partidar operation may be a default value, a pilot
selected value or a value extracted from the navigation database.

There is normally no automatic mode switching (as in the case of a-altared
receiver), although the default RNP may vary with the phadegbt.f

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

The pilot must notify ATC of any loss of the RNBpability (integrity alerts or loss of
navigation), together with the proposed course of action. If unable to comply with the
requirements of a RNP 1 SID or STAR for any reason, pilots must advise ATS as
soon as possible. The loss of RNP capability inetuany failure or event causing the
aircraft to no longer satisfy the RNP 1 requirements of the route.

In the event of communications failure, the pilot should continue with the RNAV
route in accordance with established lost communications procedures.

18.4 Maintaining 1 NM scaling
18.41 Standalone GNSS Systems

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

In this arrangemenRNP 1 capability is provided when in terminal modetelirminal
mode:

(@) CDl scaling is automatically setatLNM full scale deflection

(b) HAL is automatically set to 1 NM (RAIM alert limit)

In the default mode (eroute) CDI scaling ineases t& 5NM and HAL increases to
2NM. Terminal mode cannot be manually selected but will be system selected
provided certain conditions exist.

For departure, provided the current flight plan includes the departure airport (usually

the ARP) terminal node will be active and annunciated. (An annunciator panel shall

be installed in accordance wit hBCAR® smanu
airworthiness regulations). In the general caseminal mode will automatically

switch to earoute mode at 30NMrom the departure ARP. If the RNP 1 SID extends
past30NM, the CDlscaling will no longer be adequate to support the required FTE

limit (£ 0.5NM). Hight crew action is necessary to manually seletNM CDI

scaling.

On arrival, provided the current fliglplan route includes the destination airport
(ARP) the receiver will automatically switch from-esute to terminal mode at 30NM
from the ARP. If the STAR commences at a distance greater than 30NM radius from
the destination, then ewoute CDI scaling oft 5NM is inadequate for RNP 1 and
must be manually selectedtd.NM.

Notel: Manual selection oft INM CDI scale (terminal scaling) does not change
the mode En- route RAIM alert limits apply.

CAP 11 Vol. 2 Initial 51 15 October 2017



KINGDOM OF BAHRAIN

z - 'f|;/£ 2%

W oIl

Ministry of Transportation
and Telecommunications

Note 2: If manual selection of £ NM is not available,rew procedures to maintain
FTE at+ 0.5 NM may be considered an acceptable means of compliance.

18.5 Integrity Availability

GNSS based operations require prediction that a service (with integrity) will be
available for the route. Most GNSS availabiliteg@iction programs are computed for

a specific location (normally the destination airport) and are unable to provide
predictions over a route or large area. HowglgrRNP 1 the probability of a loss of
GNSS integrity is remote and the prediction regument can normally be met by
determining that sufficient satellites are available to provide adequate continuity of
service.

186 Pilot Knowledge and Training

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

Execution of SIDs and STARspnnection with the eroute structure and transition
to approach procedures require a thorough understanding of the airborne equipment
its functionality and management.

Particular attention shall be placed on:

(@) The ability of the airborne equipment fig the designed flight path. This
may involve pilot intervention where the equipment functionality is limited

(b) Management of changes (procedure, runway, track)

(c) Turn management (turn indications, airspeed & bank angle, lack of guidance
in turns)

(d) Route maodification (insertion/deletion of waypoints, direct to waypoint)

(e) Intercepting route, radar vectors

Where GNSS is used, flight crews must be trained in GNSS principles related to en
route navigation.

Flight training for RNP 1 is not normally reiged asthe required level of competence

can normally be achieved by classroom briefing, computer based training, desktop
simulator training, or a combination of these methods. Computer based simulator
programs are available from a number of GPS manufastuwwhich provide a
convenient method for familiarity with programming and operation of shone
systems.
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Although not specifically mentioned i@AP 11, RNP 1 navigation specification,
where VNAV is used for SIDs and STARsttention shall be given tdhe
management of VNAV and specifically the potential for altitude constraints to be
compromised in cases where the lateral flight path is changed or intercepted.

Guidance on operational training requirements is containédgppendix 2 and CAP
11, Vols. 1land 3.

19. ADVANCED RNP (A-RNP)reserved
20. RNP APCH
20.1 General

RNP APCH is the general ICAO designator for PBN approach procedures that are not
authorization required operations.

As GNSS fulflls the basic requirement of RNP for-board perforrance and
monitoring, both RNAV (GNSS) and SBAS LPV procedures are types of RNP APCH
operations.

RNP APCH procedures will be identified as:

(&) RNP APCH LNAV- lateral positioningvith GNSS (basic constellation);

() RNP APCH LNAV/VNAV - lateral positionig with GNSS, vertical
positioning with barometric inputs;

(c) RNP APCH LPV- lateral and vertical positioning with SBAS,;
(d) RNP APCHLP - SBAS approach where \taral guidance is not available.

The published RNP APCH OCA/H are treated as:

(&) MDA/H for LNAV and LP minima,;
(b) DA/H for LNAV/VNAV and LPV minima.

Note: The current version of CAP 11, Volume 2, addresses only LNAV and
LNAV/VNAV procedures; the next version will include LP and LPV
procedures.

20.2 Characteristics

The main characteriss of RNP APCH LNAV operations are:

(@) Instrument Approach Chart titted RNAV (GNSS)
(b) Approach path constructed as series of straight segments

(c) Descentto an MDA which is published as an LNAV minima
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(d) Can be flown using basic GNSS (TSOC129a) equipmeRiN#? 0.3 capable
aircraft

(e) Obstacle clearance lateral tolerances not based on RNP value

(f) Vertical flight guidance (e.g. BatrdNAV) may be added

20.3 Flight Procedure Design

Although RNAV (GNSS) approach procedures are designated in the PBN tascep
RNP APCH LNAV proceduregshere has been no change to the method of procedure
design which is in accordance with PANBS RNAV(GNSS) design criteria.

Instrument approach charts continue tdude RNAV (GNSS) in the titland descent
is made to a mimum descent altitude which is shown as an LNAV minimum or
LNAV/VNAYV where vertical guidance is available.

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

The RNAV (GNSS) Approaciplate shown in Fig20.1 is anexample of an RNP
APCH LNAV/VNAYV procedure.Although there is no specific notation on the chart,
this type of approach can be flown by aircraft equipped with either a-alane
GNSS receiver or an FMS equipped aircraft with RNP 0.3 capability.

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

Note: In this examplgasthere is no missed approach turning or holding fix and a
pilot-interpreted heading is flownp track guidance is provided after the MAPt.

In this cas, the 3° VPA and the oslope altitude at CO2LS are advisory only
(although recommended)hereforethe flight crew responsibility is to ensure descent
not lower than 660ft until passing CO2LS.

1f flown as an LNAV/VNAYV approach, the fix aradtitude limtation atCO2LS is not
relevantand from the FAF at CO2LRhe approach is flown as a VNAV approach to
the OA (530"). The MAPt in this case is not relevant.

Caution: Different coding is required for approaches flown using stalmthe GNSS

equipment and=MS equipped aircraft, as staralone receivers require
specific identification of certain waypoints (FAF and MAPt ) in order to
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initiate automatic CDI scaling, alerting levels and waypoint seque.
FMS equipped aircraft doot require such coding. Ino@ct coding can
lead to some FMS equipped aircraft interpreting a MA&tated prior to
the threshold as the origin of the VPA. ndershooting cartherefore
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Figure20.1 RNAV (GNSS) Approach Chart with LNAV and LNAV/VNAV Minima
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20.4 System Requirements

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

The RNP APCH system requirements are as follows:
(a) asingle area navigation system;

(b) GNSS sensor only receiversmust be approved in accordance with ETSO
C129(a), TSEC129(a) or later;

(c) anavigation database containing the approach procedures;

(d) continuous indication of aircraft position relative to track to be displayed to the
pilot flying (and the pilotnot flying) on a navigation display situated in the
primary field of view;

(e) identification of active waypoint;

() display of distance and bearing to the active (To) waypoint;

(g) display of ground speed or time to the active (To) waypoint;

(h) lateral deviation display must have scaling and FSD suitable for RNP AR@H
maximum FTE permitted is:

(1) 0.5 NM for initial, intermediate and missed approach;
(2) 0.25 NM for final approach;
Note: Angular display systems may be considered
() aubmatic leg sequencing and-by or flyover turn functionality;

j) execution of leg transitions and maintenance of tracks consistent with ARINC
424

(1) CAIFA;
(2) CF;
(3) DF;
(4) HM;
5 IF;

(6) TF;

(k) area navigation system failure indication;

() indication when NSE alert limit is exceeded.
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20.4.1 Navigation §stems(RNP APCHLNAV system}

In generalthe navigation systems available for RNP APCH LNAV operations fall
into two distinct categries:

(@) Standalone GNSS receivers

(b) RNP capable FMS equipped aircraft

Although both types of navigation systems have similar capabilitgre are
significant differences inuinctionality, cockpit displayand flight crew procedures.

(@) Standalone §stems

This type of system is commonly represented by a paoeinted selcontained unit
comprising a GNSS receiver incorporating a control unit, a lateral deviatarator
and an annunciator panel. In some cases the unit may also include a map display.

For IFR approach operations, the installation must provide a lateral deviation

di splayed on a CDI or HSI in the pilotos
by eitherconnecting the GNSS receiver output to a dedicated CDI or by enabling the
selectionof the navigation source to the primary HSI/CDI to be selected. (Fheilin

CDI provided on most staralone GNSS receivers is generally not considered
adequate, even if the unit is).installed i

An annunciator panek standard equipment for approach operations and must be
located in a suitable position on the instrument panel. Navigation mode annunciation
in the terminal modefiapproach armedandfapproach actiwe- arerequired.

In this type of installation, mod&witching from erroute,to terminal ando approach

is automatic, providea suitable flight plan is loaded which enables the receiver to
identify the destination airporCDI scaling automatically reduces from +5 NM-en
route mode scaling to £1 NM tern@l mode scaling at 30 NM from the ARP. The
RAIM alert limit reduces similarly from 2 NM eroute mode to 1 NM terminal
mode

At 2NM from the FAF, the receiver checks that approach RAIM will be available and
provided the aircraft is on or close to tratke receiver will ARM and the CDI
scaling will gradually reduce to +0.3NM. Any offtrack deviationas the FAF is
approachedwill be exaggerated as CDI scaling changBise flight crew can be
misled if the aircraft is not flown accurately or if théfext of scale change is not
understood.

An AAPPROACH) annunciation must be observed before crossing the FAF and
continuing with the approach. RFAPPROACH is not annunciatedthe approach
must be discontinued.

During the approaghistance to run is gen to hefiNext WPTo in the flight planand
not to the runway. Minimum &ludes are commonly specified at a WPT oraat
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distancefrom a waypoint. Situational awareness can be difficult and it is not
uncommon for pilots to confuse the current segmentasdend prematurely.

Crosstrack deviation shall be limited to % scale deflectig@.5NM) on
initial/intermediate/missed approach segments arBNM on final. A missed
approach shall be conducted if these limits are exceeded.

Note: Although the designfdRNP APCHi LNAV procedures is not based on the
RNP level, they malge flown by aircraft capable of RNP 0Bor aircraft
operations based oRNP capability normaloperatingpractice requires a go
round atl x RNP For standalone systemgsherefore a go-round must be
conducted at fulkcale deflection (0.3NM).

At the MAPt, which is commonly located at the runway thresheldypoint
sequencing is inhibited, on the assumption that the aircraft is landing. If a missed
approach is conductegilot action 5 normally required to sequence to the missed
approach. Depending on the procedure desrgok guidance in the missedppach

may not be provided. Fligltrews need to understand the navigation indications that
are provided and the appropriate technitprenanaging the missed approach.

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

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

(b) Flight Management Systems

RNP APCH LNAV operations conducted in aircraft equipped with an FMS and
GNSSare managed very differently to staaldne systems.

As discussed above, RNP APCH procedures are designed using RNAV (GNSS)
criteria which were developed orethasis of GNSS performance rather than an RNP
requirement. Howeveit can be shown that an aircraft capable of RNP 0.3 approach
operations meets or exceeds the navigation tolerance requirements for RNAV (GNSS)
approach procedure design. FMS equippedrairaherefore are able to fly RNP
APCH LNAYV procedures provided RNP 1.0 is selected for the initial, interngediat
and missed approach segmeartsd RNP 0.3 for the final approach segment.

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

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

Lateral deviation in this type of system is commonly displayed as a digitattcacks
deviation on a map display. Digitatasstrack deviation is normally displayed in
1/10thof anNM, although 1/108 of an NMis often available as an option. Digital
crosstrack deviation may also be subject to rounding. For exawblere the display
threshold is set at 0.15NM on a displegpable of only 1 decimal place, the first
digital indication of crosg¢rack deviation is displayed as 0.2NM. In the same
example, as crodsack deviation is reduced, the lowest value displayed is 0.1NM
rounded down when the actual deviation reachesNML

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

A go-round shall be conducted if the crdasack error reaches 1 x RNP (0.3NM)
unless the pilbhas in sight the visual references required to continue the approach

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

Additional crosdgrack deviation information may also be available on the
CDU/MCDU which although outside the normal field of viesan be monitored by
the PNF/PM. In such casethe evaluation of cockpit displays mudsatake into
consideration crew operation procedures ealtbuts etc.

As turns for RNP APCH LNAV approaches are TF/THsitions and initiation is
basedon turn anticipation logic, track guidaeaduring turns is not provided. Also,
crosstrack deviation indications are not provided with respect to a defined turning
path. The lack of a defined path is accommodated in thigrde$ the approach
procedure; however, it is necessary for the turn to be initiated and correctly executed
so thatthere is no significant under over shooting of the subsequent leg.

In the evaluation crostsack deviation monitoring, track adherentng autopilot or

flight director for normal operations is generally very good and bitleo crosstrack
deviation is observed. The evaluation shall therefore concentrate on determining that
in the unlikely event of a deviatipthe crew has sufficigrindications to detect and
manage any deviation. Deviations can also occur due to delayed or incorrect NAV
selection, delay in autopilot connection, autopilot inadvertent disconnection,
turbulence, excessive adverse wind, OEIl operations and other ranal mmr no-
normal events.
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Navigation system alertingavies between aircraft systeraad unlike stanealone

systemsit is determined bYDEM logic. Although the operational approval will not

normally need to consider the methodology used, the basit®e ddlerting system

must be understoodhea ppr ov al needs to determine th
procedures and training is consistent with the particular aircraft system.

The appropriate RNP for the initial and intermediate segment is RNP 1t@& final
approach segmeRRNP 0.3and RNP 10 for the missed approach. The most common
method used to manage RNP is &dest RNP 0.3 prior to the IABNd retain that
selection throughout the approach and missed approach. In somgacastsul

RNP forapproaches may applyh@& crew therefore needs only to confirthat the
correct RNP is available. In other casesew selection of RNP 0.3 prior to
commencement of the approach is necessary. Changing the RNP after passing the IAF
is not recommended as iiicreases crew workload, introduces the opportunity for
error (forgetting to change the RNRhd provides little or no operational advantage.
For RNP 0.3 operationavailability isnormally close to 100% andlthough RNP 0.3

may not be required for thmajority of the approach (initial/intermediate segments)
the probability of an alert due to the selection of a lower than necessary RNP is
extremely low, especially as prediction for RNP 0.3 availability is required to conduct
an approach.

Less commonlysome systems allow the RNP to be automatically extracted from the
navigation database.

20.4.2 Using VNAV Advisory Information

Barometric VNAV (baroVNAYV) is commonly available on modern jet air transport
category aircraft equipped with FMS. Other VNAYstems are also available (e.g.
SBAS) although few aircraft in this category are fitted.

Aircraft in the general aviation, commuter and light airline categories are generally
not equipped with an integrated lateral and vertical gaion (LNAV/VNAV)
sysem, (typically stanehlone GNSS systems) althougincreasingly business jets

are fitted with capable VNAYV systems.

RNP APCH LNAV approach procedures are not dependent upon VNAV and normal
nornt precision approach principles apply in which obstacle aeasras dependent
upon minimum altitudes.

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

It must be clearly understood that VNAYV used in this way does not resolve the crew
from the responsibility to ensure obstacle clearance is maintained by strict adherence
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to minimum attitudes by use ofdlpressure altimeter. Descent is made to the LNAV
minima which is an MDA. An acceptable alternative method is to add a niariie
LNAV minimum altitude (typically 56100ft) and to treat the higher MDA as a DA,
on the basis that any height loss during ¢feround will result in descent not lower
than the published MDA.

The operational approval needs to carefully examine the aircraft capability, VNAV
functionality, mode selection and annunciation, mode reversion, operating procedures
and crew knowledgend training. Because the flight path guidance provided by a
barometric VNAV system is directly affected by the barometric pressure subscale
setting, particular attention needs to be paid to pressure setting procedures and
associated aircraft systems.

Normally an approach will be designed so that the vertical path clears all minimum
altitudes in the final approach segment by a convenient margiiO&®). This
allows for some tolerance in the VNAV system and avoids any tendency to level off
in order to obsrve any hard altitude limitations. Where a suitable tolerance is not
provided consideration shall be given to revising the design of the procedure to be
more VNAV friendly.

20.4.3 VNAV Approach Quidance

Where an LNAV/VNAV minimum is publishedhe procéeure has been designed as a
vertically guided approach and obstacle clearance in the final approach segment is
dependent upon the use of an approved VNAYV system. Descent in this case is made to
the LNAV/VNAV minimum which is a DA Minimum altitudes in th&AS therefore

do not apply.

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

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

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

A low temperature limit may be published to ensure obstacle clearance is maintained
at the lowest operating temperature. Temperature compensated VNAV systems are
available which enable the design vertical flight path to be flown irrespective of
temperatue, although compensation is not commonly fitted to jet transport category
aircraft.
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to better manage interception of the VNAV path.
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When conducting an LNAV/VNAV appexh, the primary means of obstacle
clearance is provided by the VNAWstem rather than the altimeteFherefore
adherenceo the verticaflight path within reasonable tolerance is required.

Note: ICAO Doc 8168 PAN®PS Volume 1 provides operational gamce on the
conduct of approach with barometric VNAV guidance. Vertical deviations
from the defined path shall be limited to +1EDft.

20.4.4 Altimeter Setting Pocedures

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

20.4.5 Vertical Navigation Systems

Most commercial jet transport aircraft are equipped with a-B&tAV system that is
compliant with FAA AC 20129 which has been in existence for many years.

It can be difficult to reconcile the specified minimum barometric VNAV system
performance requirements @AP 11 Vol. 1,Chapter §which are derived from FAA

AC 20-129) with actual VNAV operating practice. Howeyéhe actual performance

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

FAA AC 20-129 makes the assumption thatraétry system error (ASE) will be
compensated andonsequentlyno allowance is made for altimetry errors in the
estimation of vertical TSE. In practice a residual error does exist in most aircraft and
manufacturers are generally able to provide data.a Aside, ASE is typically less
than60ft.

The FTE standard i€@AP 11 Vol. 1(andFAA AC 20-129) is larger than is normally
observed during approach operations. For example, the FTE requirement applicable to
most approach operations is 200ft, compareab&erved values which are commonly

l ess than 60ft (3 Q).

Potential errors associated with waypoint resoluti@ntical path angle definitioand
ATIS errors are not included.

Although a statistical analysis of VNAV component errors is not requireddsic b
BaroVNAV operations, it may be helpful to assess the typical VNAV errors, in a
similar manner to that applied to BavtNAV for RNP AR APCH operations.

Note: Horizontal coupling error or ANPE is considered separately in PANS
and does not need be included.
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This value is slightly higher than the figure givien the CAP 11 Vol. 1value (224ft)
but less than the 246ft MOC used in design.

Given that the commonly observed VNAYV errors, including FTE (with autopilot) are
significantly less than thealues used in this example, the performance of a VNAV
system compliant with FAA AC 2029 can be expected to be consistent with the
assumption of a 246ft fixed MOC.

Additional mitigation is also provided by the operational requirement to monitor the
vertical FTE and conduct a gound if the deviation below the vertical path exceeds
50ft (or 75ft if amended

For aircraft approved for RVSM operations the ASE and VNAV errors can be
expected to be small. If any doubt exists as to the suitability of aylartivVNAV
system, additional data on actualsirvice performance shall be sought.

20.4.6 GNSS Availability Prediction.

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

Availability of RNP APCH operations is normally limited by the approach HPL
which is set to 0.3NM by default for staatbne GNSS receivers. At this level of
service, the periods when an RNP servis unavailable are short. Aelay in
departure or enrouteis thereforeoften sufficient to schedule an arrival when the
service is predicted to be available.

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

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

While satellite prediction services are normally accurate and reliable it shall be noted
that an unpredicted loss of service can occur at any time. Howsafek is not
compromised (provided adequate fuel reserves are carried) anahaoth monitoring
assures that the crew will be alerted and the approach can be discounted, delayed or
an alternative approach conducted.
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20.4.7 Radio Wdating.

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

The computed aircraft position is naaty a mix of IRS/GPS and in some cases also

DME and VOR combined wusing a Kal man fi |1
capability shall take into account the method used to compute position and any
weighting of navigation sources.

In the typical caselRS position is updated continually by GNSS and radio aid
updating is either inhibited or weighted so as to have ldtleno effect on the
computed position. When a source of updating is thstposition will be determined

in accordance with a reversionampode. If GNSS updating is lost, IRS position is
normally updated by DME if available and VOR if insufficient DME stations are in
view. As DME and, particularly VOR updating is much less accurate than GNSS
there is some potential for degradation in thsifion accuracy.

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

However, it can be difficult to obtain carhation d the effect of radio updatingnd
where his cannot beleterminedradio updating shall be selected OFF. Most systems
provide for a means for eelection of radio updating, either manually or by a pin
selection option. Manual eeelection can be an inconvenient additional crew
procedure, althougon at least one aircraft type single button push ekelection is
available. Where possihla default optionwhere radio updating is normally OFB
preferred, with the option of crew selection to ON in the unlikely event of a loss of
GNSS updating.

20.5 Operating Procedures

In recent yearsmost manufacturers have developed recommendations for RNAV
(GPS)/RNAV (GNSS) procedures. Although the manufacturer recommendations shall

be followed, the operational approval shall include an independent goaloé the
operatorsd proposed procedures. RNP APCH
with the operatords nor mal procedures whe
factors elements associated with the introduction RNP operations.

Airworthiness certification alone does not authorize operator to conduct RNP APCH
operatios. Operational approval is also required to confirm the adequacy of the
operator's normal and contingency procedures for the particular equipment
installation.

20.5.1 Procedue Selection and &iew
Operating procedures need to address the selection of the approach from the

navigation database and the verification and review of the displayed data. Commonly
some changes to an oper at o.rTbesevamion wilh | pr a:

CAP 11 Vol. 2 Initial 64 15 October 2017



KINGDOM OF BAHRAIN

z - 'f|;/£ 2%

W oIl

thereforeneed to recognise that new techniques may be appropriate to RNP approach
operations.
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In most cases the instrument approach chart will contain RNAV (GNSS) in the title
and the clearance issuedll refer to RNAV, the runwayand usudly, a suffix letter

e.g. RNAV (GNSS) RWY 20 X. Due to avionics limitatiotise available approaches
may be displayed in an abbreviated format e.g. RNVX. In soases the suffix
letters (X, Yand Z) may not be supportellight crew proceduresnusttake into
account these limitationt® ensurethat the correct procedure is selected and then
checked.

It shall be recognised that the approach chart assumes less importance for an RNP
APCH procedure once the procedure is loaded in the FMS and checked. haring
approach only limited reference to the approach chart is normally required.

20.5.2 Use ofthe Autopilot and Flight Drector

The manufacturerds guidance wil/l nor mal |
autopilot and/or flight director. In generaRNP APCH procedures shall be flown

with autopilot coupled if the aircraft is equipped, enabling the crew to place greater
attention to monitoring the approach and taking advantage of the reduced FTE
normally availableThis policy shall not preclude these of flight director (consistent

with manufacturer procedures) when autopilot is not available or in other
circumstances (e.g. OEI operations).

Note: The FTE used by the aircraft manufacturer to demonstrate RNP capability
may be dependent upon the useaaoupled autgilot or flight director. A
lesser RNP capability may be applicable to procedures flown manually using
a map display.

20.5.3 GNSS pdating

RNP APCH procedures are dependent on GNSS positioniigrefore, the
availability of GNSS, (as weas the available level of RNP) shall be checked prior to
commencement of an approach.

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

A loss of GNSS updating due to a loss of signal may occur at any time, but an alert
will not normally be generated immediately. Where position integrity can be
maintained following the loss of GNSSalid position continues to be displayed.

When the required performance cannot be sustained an aldsevgéneratednd the

normal procedure is to conduct a-gmnd, unless the approach can be conducted
visually.
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Inspectors shall be familiar witlné alerting system applicable to the specific aircraft
under consideration to ensure that operating procedures and crew knowledge and
training is consistent with the system functionality.
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20.6 Flight Crew Knowledge and Training

Successful RNP APCH LNAV ral LNAV/VNAV approach operations depend
heavily on sound flight crew knowledge and training.

The type of navigation system has a significant effect on the conduct of this type of
procedure and flight training must take this factor into account.

Crews opeating aircraft equipped with basic staaldne systems typically require
significantly more flight training than crews operating FMS equipped aircraft. The
amount of training will vary depending on the flight e wo s previous
experienceHowever thefollowing is providel as a guide:

(a) Ground training:

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

(b) Simulator training. For FMS systems operated by crews with experiertbe in
use of the FMS for the conduct of conventional approach proceduresflglupre
briefing session and one 2 to 4 hours simulator session per crew is commonly
sufficient.

For operators of staralone systems, simulator or flight training may requi 2

more training sessions. Proficiency may be achieved in normal uncomplicated
operations in a short period of timeowever additional flight time needs to be
scheduled to ensure competency in the management of approach changes,
go-round, hotling and other functions, including due consideration of human
factors.Necessary initiatraining shall be supplemented by operational experience

in VMC or under supervision.

Guidance on operational training requirements is contaipgendix 2 and CAP 1,
Vols. 1 and 2.

20.7 Navigation Database

RNP APCH operations are critically dependent on valid dafP 11includes the
basic requirements associated with the use and management of navigation databases.

Although the navigation database shall be olg@difrom a qualified source, operators

must also have in place sound procedures for the management of data. Experienced
RNAV operators who understand the importance of reliable data will normally have
such preedures establishedHowever less experiencedperators may not fully
understand the need for comprehensive management procedures and may need to
develop or improve existing procedures.
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It shall be noted thatlespite the requirement for the database supplier to comply with
RTCA DO0200A/EUROCAE docunmt ED 76 data errorswill still occur and
dependence on quality management alone is not sufficient.
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Cyclic Data Updates: There is no specific requirement in RB& navigation
specification to implement checks of RNP APCH approada @ each update.
Despite this,operators shall be encouraged to implement an electronic means of
ensuring that the data loaded onto the aircraft remains valid. Although the operating
tolerances for RNP APCHrpvide a level of conservatisland GNS&driven
approach procedurese inherently extremely accurate, electronic data errors are not
in any way related to these factors and gross errors can occur just as easily as minor
ones.

A cyclic comparison of new versus old data must be designed to identify changes that
have not ben ordered prior to the effective date for each database cycle. Action can

then be taken to rectify the problem before the effective date, or issue corrective
action such as notices to flight crew, withdrawal of procedures etc.

In cases where an effectieéectronic cyclic data validation process is not available, it
may be necessary to conducivadidation of procedures at each cycle. This is atime
consuming and complex procedure which shall be avoided wherever possible.

21. RNP AR APCH
21.1 General

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

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

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

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

21.2 Authorisation Required
All operations involve some form of authorisat, either specific or implied.

Consequently questions are often raised with regard to the use of the term
authorisation reqted in the context of RNP AR APCH operations.
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Early development work on RNP approach procedures was carried out in the United
States. Under the US Federal Aviation Regulations, all instrument approach
procedures that are in the public domain are devdlapeler FAR Part 97. Where
approach procedures (for whatever reason) do not comply with FAR Part 97, the FAA
can approve an operation (for a specific operator) as a Special Airworthiness and
Aircrew Authorisation Required (SAAAR) procedure.

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

Subsequently the FAA developed proceduesigh rules (FAA Order 8260.52) and
airworthiness and operational rules (FAA ACB01) to support FAA Part 97 RNP
SAAAR operations, referred to Public RNP SAAAR.

In 2005, when the then Obstacle Clearance Panel (now Instrument Flight Procedures
Panel) in CAO decided to harmonise ICAO procedure design rules with FAA Order
8260.52, it was recognised that there was no equivalent process in ICAO which
related to norconforming or special procedures. Consequentlyvas decided to
abbreviate the term to Authsation required or AR for ICAO application.

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

AR therefore requires theperator to conduct a full evaluation of all aspects of the
operation before thBCAA will issue an approvallhereforepnly qualified operators
are permittedto conduct RNP operations which are identified as Authorisation
Required.

An operator which is approved for RNP AR Approach operations in accordance with
this CAP is authorized to conduct RNP AR Approach operations at all airports where
RNP AR Approach mrcedures are published in the Bahrain AlP.

Note that whilst this CAP provides for a blanket RNP AR Approach operational
approval, operators are to ensure that they comply with any additional published
requirements at specific airports and specific RNP ARproach procedure
requirements where applicable.

21.3 Characteristics

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

(@) Support for RNP less than 0.3 (RNP 0.1his lowest currently available)
(b) Obstacle clearance lateral tolerance 2 x RNP

(c) Final approach vertical obstacle clearance provided by a vertical error budget
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(d) Radius to fix (RF) legs enabling circular flight paths to be flown

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

21.4 Procedure Design

RNP AR APCH procedures are designed in accordance with ICAO Doc 9905
Required Navigation Performance Authorization Required (RNP AR) Rocedure
DesignManual

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

21.5 Operational Approval

RNP AR APCH procedures depend upon the integration of aircraft, operations and
procedue design to deliver a safe and efficient outcome. Conventional navigation
systems which have been in common usage for many years depend on aircraft
equipment & avionics, operating procedures and procedure design that have benefited
from many years of commousage and we are generally able to consider each
element in isolation. For example ILS receivers are manufactured by many different
companies, the operation anckw interface is standard. gilot qualified to fly ILS

can thereforedo so on any aircrafivith minimum of crosdraining. ILS operating
procedures are common and it is not necessary to apply different procedures for
differing aircraft or avionics. Similarly the procedure designer develops ILS
approaches without reference to specific avionigmbdities or operating procedures.

All of these aspdes are common, well understo@hd standardised throughout the
industry.

The same cannot be said of RNP AR APCH operations. In most cases, aircraft
avionics were installed before the concept of RNPregughes was developed and
equipment has been adapted to provide RNP AR APCH capability. Conseguently
there is nocommon standard yet available for RNP AR APCH avionics, cockpit
displays, alerting and other functions. In some cases modification of upgfade
aircraft systems may be available, in other cases evaluation may be required for
systems which cannot be upgraded.

Operating procedures also need to be matched to the aircrafhicay cockpit
displays, etc.,and therefore, theywill vary consideraly between aircraft types,
models and configurations. Both operating procedures and aircraft
equipment/capability need to be evaluated against the basis upon which RNP AR

CAP 11 Vol. 2 Initial 69 15 October 2017



KINGDOM OF BAHRAIN Gy dl &=l

LG

Ministry of Transportation
and Telecommunications

APCH procedures are designed, and therefore consideration of the basic procedure
desgn principles needs to be included in the operational approval process.

21.6 Evaluation Team

A team approach shall be used in the conduct of an RNP AR APCH evaluation. As
the first such operational experience will be a learning experience for all cedaern
can be very useful to involve all parties, including the applicant, in a consultative
approach to the approval process.

A project lead shall be appointed to-aalinate the combined efforts of the project
team. As the outcome is an operational apalrahe project lead shall be a person
experienced in flight operations assisted by experts in other specialist fields as
required. The project lead and other participants on the team shall be encouraged to
learn as much as possible about areas outsidieith@ediate area of expertise. A

vital part of a successful approval process is the synergy between all aspects of the
operation that leads to a successful safety outcome.

217 Operatoro6s Application

An important contributor to a successful RNP AR APi@hblementation project is a
well-developed and comprehensive application. Howeat/@eeds to be realised that
the operator is likely to be inexperienced in this type of operation and will be
developing their knowledge and expertise during the authansatiocess, so some
allowance will need to be made. The applicant shall be encouraged to passent
clearly as possiblethe details of how the operation is to be conductée must
thereforebe prepared to discuss tpeoposal with theBCAA so that a safactory
outcome is achieved.

It needs to be recognised that while the assistance of a competent operational
approvals consultant can be very helpful, at the end of the operational approval
process both the applicant and the approving authority neetstweethat they have
comprehensive understanding of all aspects of the operation. Leaving it to a
consultant to @pare a conforming applicatiamd thenj ust Ati cking t he
little to validate the Authorisation Required process.

21.8 System Requirements
20.8.1 Aircraft Eligibility

As the airworthiness requirements for RNP AR APCH operations are relatively recent
(e.g. FAA AC 90101 published December 2005) few aircraft have yet to be
specifically approved for RNP AR APCH operations. Commaindyeligibility for an
aircraft to conduct RNP AR APCH operations needs to be established during the
operational approval process.

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

Somemanufacturers have applied fmrapectivlRNP AR
aviation authorityand where such documentation is available, the issue of aircraft
eligibility is very much simpler to determine.

However there remain a significant number ofcaaft that are RNP AR APCH
capable but which do not have an RNP AR APCH airworthiness approval that is
consistent with the requirements of RNP AR APCH navigation spatidn. The
reasons are varie@gnd may include a lack of operator demand leading the
manufacturer to apply for approval, a disagreement between the manufacturers and
approving authority, an inability to meet one or more specific requirements, or a lack
of supporting data.

The absence of an RNP AR APCH airworthiness approval does not hedatine
aircraft is not suitable for RNP AR APCH operations, but that this capability has not
been demonstrated against available airworthiness guidelines. In many cases an
operational procedure or mitigation is required to overcome the inability to @rtain
airworthiness approval. In fact many operational approvals have been issued for
aircraft that do not have an RNP AR APCH airworthiness approval.

Where the eligibility needs to be established by operational approval, the normal
process is to obtain spprting data from the aircraft manufacturer. Leading
manufacturers are increasingly coming under pressure from customers to provide
support for RNP AR operations and the amount and detail for information available is
increasing steadily.

States with limiéd resources may be able to request advice and assistance from States
that have previously issued operational approvals in respect of specific aircraft. Care
shall be taken to identify the specific basis of such approvals as there are many
variations in aicraft equipmety software, displays, optionand other relevant
features that vary between aircraft of the same type and model.

21.8.2 Flight Technical Error

The manufacturer will normally use flight technical error data obtained during flight
trials to establish the RNP capability depending upon the phase of flight and the
method of control. Typically the lowest FTE and therefore the lowest RNRased

with autepilot coupled.However other values may be applicable to the use of flight
director ormap mode.

If there is any concern over the FTE data, then the operator can be required to gather
additional inservice data. This can be achieved during initial operations, which shall
be limited to a conservative RNP (e.g. RNP 0.3). FTE data can baempia on

board engineering monitoring systems or the Quick Access Recorder (QAR). The
standard deviation of FTE observed can then be used to calculate the RNP capability
based on the formula @AP 11 Vol. 1.
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Despite the values used for FTE, a furtbensideration is the monitoring of FTE
performance in flight. To illustrate this point, an aircraft may demonstrate very low
FTE values and therefore the calculated RNP capability could be low, but no cockpit
display is available to permit the monitoring) this performance in real time. The
aircraft, while able to meet RNP performance requirements would not qualify for
RNP AR APCH because it could not meet the requirement for on board performance
and monitoring of the FTE. As the sthard of cockpit disphavariesand therefore,

the ability for the flight crew to monitor FTE also varies, this has a bearing on the
RNP capability.

The preferred standard of display of lateral FTE is therefore:

(@) A lateral deviation indicator; and

(b) A numeric display of .DNM

However in many cases, particularly for older aircraft, this level of display is not
available. The question then arises as to the eligibility and if so the RNP capability.

The purpose of the lateral display of dion is (as stated above)atow the pilot to
readily distinguish if the crogsack deviation exceeds the navigation accuracya(or
similar value).

Where the specified standard of display is not provided, an operational evaluation
needs to be conducted to determine if the displaynfafrmation is adequate to
support RNP AR APCH operations. The evaluation may determine, for example, that
crosstrack deviations of 0.3NM can be adequately monitored, but that less than that
value the displays are considered inadequate. An operationalvappright be given

in these circumstances for RNP AR APCH operations limited to not less than RNP
0.3.

21.8.3 Demonstration of Path Steering Performance

CAP 1lincludes a requirement that path steering performance (i.e. FTE) is evaluated
under a numbeosf conditions, including noemormal conditions.

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

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

21.8.4 Navigation Sgtem Monitoring and Alerting

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

Depending upon the manufactyrdre parameters useddathe alerting levels will

vary. However the method used is not moally an issue with regard to aircraft
eligibility, although there can be implications in operating procedures. Information
shall be obtained on the parameters that are monitored, the relevant alert limits and
the method of annunciation of the alert.

Nawvigation system accuracy is commonly represented by Horizontal Figure of Merit
(HFOM) or Estimated Positiogrror (EPE). These parameters represent an estimate
of the position solution assuming that the satellite system is operating within its
specific perbrmance. An alert is normally generated when HFOM or EPE equals or
exceeds a limit, normally 1 x RNP.

Integrity is commonly monitored by Horizontal Protection Level (HPL), sometimes
called Horizontal Integrity Limit (HIL). An alert is provided when HPLuats or
exceeds a limit relative to the selected RNP.

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

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

21.8.5 GNSS Latent FailurerBtection

GNSS systems must provide protectiomirtatent GPS satellite failure. Protection is
provided by an integrity monitoring system

For RNP AR APCH operationsvhen HIL = HAL, the probaility that the aircraft
will remain within the obstacle clearance volume used to evaluate the procedure must
be greater than 95 percenboth laterally and vertically. Normally the manufacturer
will provide documentation that this condition is met.

21.9 Operating Procedures

In recent years most manufacturers have developed recommendations for RNP AR
APCH operéing procedures. Although the manufacturer recommendations shall be
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followed, the operational approval shall include an independent evaluation of the
operator so proposed procedur es. RNP AR
consi stent widrnml ptotedures where @ossible id grdemto minimise

any human factors elements associated with the introduction of RNP AR APCH
operations.

Ministry of Transportation
and Telecommunications

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

21.9.1 RNP Availaility Prediction.

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

Commonly, even for low RNP levels, the periods when an RNP sdsvimavailable
are short. Adelay in departure or emouteis thereforeoften sufficient to schedule an
arrival when the service is predicted to be available.

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

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

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

21.9.2 Radio Udating

The operational approval needs to consider the method used to determine the
computed aircraft position.
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The computed aircraft position is normally a mix of IRS/GPS and in some cases also
DME and VOR combined wusing a HKaedRNPh f il t
capability shall take into account the method used to compute position and any
weighting of navigation sources.

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

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

However, it can be difficult to obtain confirmatiohtbe effect of radio updatingnd

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

At least one manufacturer has identified thahere reversion to updating from a
single VOR is possiblesignificant msition degradation may occutt therefore
recommends that radio updating is selected OFF for all RNP AR APCH operations.

21.9.3 Procedure Selection andceiew

Operating procedures need to address the selection of the approach from the
navigation datalse and the verification and review of the displayed data. Commonly
some changes to an oper at or 0Be BiMA Ardasl pr
evaluation willthereforeneed to recognise that new techniques may be appropriate to

RNP approach operations.

In most cases the instrument approach chart will contain RNAV (RNP) in the title and
the clearance issuedll refer to RNAV, the runwayand usually, a suffix letter e.g.

RNAYV (RNP) RWY 20 X. Due to avionics limitations the available approaches may
be dispayed in an abbreviated format e.g. for RNVX. In sarases the suffix letters

(X, Y and Zetc) may not be supported. Care needs to be taken that flight crew
procedures take into account these limitation and that the correct procedure is selected
and therchecked.

The procedures normally applied to the review and briefing for a conventional

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

Other key elements are:
(@ Minimum altitudes
(b) Location of VIP and FAF
(c) Speed limitations

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

21.9.4 Required List of fuipment.

Separate from the MEL, RNP AR APCH brings in the idea of required equipment.

This list, which sh | | be readily available to the ¢
in regard to items of equipment that must be serviceable prior to commencement of an
RNP AR APCH. This list shall be consistent with the requirements for conéltiot

particular apprach andt he oper at or 6s S,avhiehtwill idddlifys k As s
and asses the risks associated with equipment failure during an approach.

For example, for RNP AR APCH where RNP is less tbanthere shall be no single
point of failure. Many operatorwill specify redundant equipment for approaches
irrespective of the RNP, particularly where terrain is an issue.

21.9.5 Use of Autopilot and Flight Dector

The manufacturerds guidance will nor mal |
autopilot and/a flight director. Irrespective of this guidance, the underlying
philosophy of RNP AR APCH is that maximum use is made of the aircraft systems

and autacoupled approaches shall be regarded as standard practice. This shall not
preclude the use of flight @ictor (consistent with manufacturer procedures) when
autopilot is not available or in other circumstances (e.g. OEI operations).

Note: The FTE used by the aircraft manufacturer to demonstrate RNP capability

may be dependent upon the use of a coupled-@lab A lesser RNP
capability may be applicable to procedures flown using flight director.
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21.9.6 RNP Slection.

The RNP for an approach or segment of an approach can be set by a number of
means, including a default value (commonly RNP 0.3), autoreatiaction from the
navigation database or pilot selection.

In all cases a crew procedure is necessary to check that the required RNP is selected
prior to commencement of the procedure.

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

21.9.7 GNSS Updating

RNP AR APCH procedures are aglent on GNSS positioningh& availability of
GNSS, (as well as the available level of RNP) stisreforebe checkedorior to
commencement of an approach.

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

A loss of GNSS updating due to a loss of signal may occur at any time, but an alert
will not normally be generated immediately. Where position integrity can be
maintained following the loss of GNSS a valid position continues to be displayed.

When therequired performance cannot be sustaiardalert will be generatedhe
normal procedure is to conduct a-gmund, unless the approach can be conducted
visually.

During the operational approval attention must be placed on determining the alerting
proto®l| associated with both loss of a receiver and loss of signal and the operating
procedures evaluated accordingly.

21.9.8 Track Deviation Mbnitoring.

A basic principle of RNP is performance monitoring and alerting. In most cases the
monitoring of FTE is dlight crew responsibility and is not provided by an automated
system.

The acceptable tolerance for normal operations is ¥2 the navigation accuracy. In
practice FTE, normally managed by the autopilot, is very small for both straight and
turning flight. An observed crossack standard deviation of less than .01NM is
typical and while the flight crew must understand their responsibility in regard to
monitoring of FTE, there is normally no action required at all.
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Deviation from track is most likely to occudue to a loss of AP guidance
(disconnection of failure to connect), inadvertent limitation of bank angle reatar
delayed mode selecti@nd in rare cases, excessive wind during turns. In the event of
an excursion from the flight planned path, immaéel action shall be taken to regain
track, or a geround conducted if the crosiack error reaches 1 x RNP. The lateral
navigation mode must be engaged (eengaged) during the gound and accurate
tracking regained.

Note thatwhile the allowable tlerance is relative to RNP the actual FTE is
independent of the selected RNP.

FTE monitoring and management is of greater interest in regard toanoral events.
Attention shall be placed on OEIl operations, autopilot disconnect, loss of lateral
navigation guidance, goound and similar events. FTE limits can also be exceeded in
turns if bank angle is not maintained, airspeed is excessive or winds are stronger than
designed.

Sound procedures need to be in place to recognise any deviation, including crew
callouts and appropriate recovery origand actions.

Automation induced complacency given the accuracy and reliability of track
adherence in normal operations is a concern and attention shall be placed on
awareness of potential factors that might lead t6TE increase, rather than simple
reliance upon crew monitoring.

The evaluation of cockpit displays (refer aircraft eligibility) shall also be considered
against the background that in normal circumstances track adherence is excellent and
recognise thathe primary function of crossack error display is to provide adequate
indication to the flight crew shall a deviation occur.

21.9.9 Vertical Navigation

At the present time RNP AR APCH uses barometric VNAV which is currently
available on most aircrafitherwise capable of RNP AR APCH operations. Other
VNAYV systems will become available (e.g. SBAS) but only BeMAYV is discussed

in this section.

Most commercial jet transport aircraft are equipped with a Baro VNAV system that is
compliant with FAA AC ®-129 which has been in existence for many years. The
vertical performance parameters contained in A€L29 were developed at a time
when the use of BafdNAV for RNP AR APCH operations had not been envisioned
and do not match the requirements for RNPASRCH.

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

It is therefore necessary to obtain data to substantiate the VNAV perform&hee.

basis of the procedure design is the VEB which in comprised of the following
elements:
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(@) Altimetry System Error (ASE)

(b) Flight Technical Error (FTE)

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

(e) Vertical angle error (VAE)

(H ATIS Error

ASE shall be determined by the manufacturer and documentation provided to show
that the aircrafmeets the minimum requirement.

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

(a) ASE =-8.8 x 108 x H2 + 6.5 x168 x H + 50 (ft)

(b) Where H is the true altitude of the aircraft.

This information may be obtained from the maéacturers in most cases, or from
other regulatory authorities that have conducted an operational approval for the
particular aircraft.

Where insufficient data exists, -service data can be collected using-board
engineering or QAR data collectioryrthg the initial implementation period.

Aircraft which are RVSM compliant shall have no difficulty in meeting the ASE
requirement.

The value for FTE used in the calcul atio
needs to be established that the aitcraAn meet this requirement. Most
manufacturers will provide a statement that the B8E % is less than this valaad
performance is typically of the order of 60 ft. Where the manufacturer supplied

data is unavailable, insufficient on inconclusittee FTE values can be substantiated

during initial operations by collecting dyoard data from the engineering monitoring

system or QAR. Operations may need to be limited to a high minima or visual
conditions during the data collection periods.

Vertical angle error (VAE) is a value nornialset by the FMS manufacturand
therefore, itshall be equal or less than 0.01°. As many FMSs were designed when
there was no requirement for such as accurate definition of vertical flight path angle,
the value couldbe as high a$.1°. This of itself does not mean that the aircraft is
unable to qualify as the VEB issam of all the contributing errors. An analysis of the
sum of all the errors, including a high value of VAE shall demonstrate that the VEB
remains witim the design limit.
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21.9.10 Vertical Deviation Mbnitoring.

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

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

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

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

21.9.11 Maximum Airspeeds

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

Bank angle authority is subject to a number of factors including crew selection,
airspeed, altitude, ground proximity, loss of systems (e.g. RADAINO can result in
an unplanned reduction of commanded bank angle leading to a deviation from track.

The minimum radius for an RF legs is determined by the assumed maximum bank
angle (25°/ 8° above/below 121m (400ft) respectively) at the maximum desigmdg
speed. The maximum groundspeed is a function of the assumed maximum true
airspeed, (which is affected by altitude and temperature) and an assumed rare normal
tailwind component. In normal operations, as flight is well within the maximum limits
(i.e. light winds), observed hak angles are low. However, showdsign rare nonal

tailwind conditions exisand/or the maximum design airspeed is reached or exceeded,
then the aircraft will command up to the maximum bank angle in order stay on the
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flight path If the maximum bank angle is reached, any further increase in
groundspeed will result in a deviation from the flight path.

It is necessary that flight crews understand the effect of airspeed on track keeping in
RF turns and limit speeds to the maximused in design. The design airspeeds used

for various phases of flight and aircraft category are publish€hRia 11 Maximum
airspeeds may also be programmed in the navigation database enabling less reliance
on flight crew memory to manage airspeed.

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

21.9.11 Limiting Temperature

Obstale clearance in the final approach segment is adjusted to allow for the change in
flight path with temperature. In temperatures below ISA the actual vertical flight path

is flatter than the nominal designed gradient and obstacle clearance is reduced. The
procedure designer, in order to maintain minimum clearance from obstacles beneath
the final approach path, may need to limit the operating temper&ansequentlya
minimum temperature is published on the approach chart.

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

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

21.9.12 Altimeter Setting Pocedurs

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

21.9.13 TOGA Navigation Functionality

The Takeoff Go Around(TOGA) function in most existing aircraft installations was
designed to assist in the conduct of a missed approach in circumstances where the
general requirement is to maintain the approach track during the missed approach. For
RNP AR APCH operations thigypical functionality is no longer an appropriate
solution and the requirement is that missed approach guidance is provided such that
continual lateral navigation guidance is provided in theaqymd. The terms TOGA to

LNAV or TOGA to NAV describe this factionality in common usage.

This feature is becoming standard on production aircraft and is available as an

upgrade on many later model aircraft. Where the function is not available, special
crew procedures and training may be developed to overcomarthiéion. Normally
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it will be necessary to overde the normal TOGA track hold function and manually
maintain the RNP track until the normal RNP navigation can{eagaged.

21.10 Flight Crew Training

Properly conducted RNP AR APCH operations arehaes the simplest yet most
efficient approach operation available. The fact that normal operations, routinely
conducted using the aircraft atftight system, provide excellent repeatable and very
accurate flight path guidance can mislead operators ifaise@sense of security.

It must be recognised that the improvements in operational capability and efficiency
need to be matched by an enhanced awareness and sound operating procedures. One
of the subtle risks to RNP AR APCH operations is the reducetslefalertness that

may occur simply due to the confidence that crews have in the operation.

Thorough flight crew training is essential to ensure that crews are fully conversant
with the aircraft systems and operations and are able to manage all nodmaira
normal operations with confidence. Training needs to emphasise the role of the flight
crew to monitor the aircraft systems and a thorough understanding of aircraft systems
management.

Training requirements will vary significantly depending on tipeeor at or 6 s pr e\
experience. Operators familiar with the conduct of RNP APCH (RNAV GNSS)
operations will find the transition to RNP AR APCH less demanding. Operators
without relevant experience would be well advised to progress slowly and introduce

RNP AR APCH operations under a phased implementation program.

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

Guidance on operational training requirements is containégppendix 2 and CAP
11, Vols. 1 and 2.

21.11 Navigation Database

CAP 11lincludes a number of requirements associated with thigataon database as
follows:

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

(b) Data Suppliers;The requirement for a data supplier to have an approval in
accordance with RTCA DO200A/Eurocae ED76 is now common practice. It
is common for St@s to recognise a LoA issued by the State where the data
base supplier is located. It shall be noted that despite the requirement for a
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(c) Initial Data Validaion: The procedure designer is required conduct an initial
flight validation in an RNP capable aircraft. Experience has beerdtsgiite
the validity of the data originating in the design offiegrors can occur
downstream in data packing, reading amerpreting of data, data execution
and functionality It is thereforenecessary for each operator to conduct an
initial data validation to ensure correct operation in the particular type/model
of aircraft to be flown.

While this requirement is necessdtrgan present problems in practice. If the
validation is to be done in a simulator, then the simulator shall accurately
replicate the aircraft. In many cases this is not possible as simulators tend to
lag behind aircraft in terms of upgrades. Considenathay need to be made

for the simulator compatibility, complexity of the procedure, past experience
and other factors. If a suitable simulatemot available then validation may
need to be conducted in the aircraft. This can be achieved with safety in
visual conditions during normal revenue operations without incurring
additional unnecessary expense.

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

(e) Data UpdatesChanges are routinely made to all approach procedures and
unless there is a significant clggnto the flight path, either laterally or
vertically, revalidation shall not be necessary. The cyclic comparison of new
versus old data must be designed to identify changes that have not been
ordered prior to the effective date for each database cyctmnAcan then be
taken to rectify the problem before the effective date, or issue corrective
action such as notices to flight crew, withdrawal of procedures etc.

In cases where an effective electronic cyclic data validation process is not
available, it nay be necessary to conductvaidation of procedures at each
cycle. This is a timeconsuming and complex procedure which shall be
avoided wherever possible.

21.12 Flight Operational Safety Risk Assessment

NOTE:The Flight Operational Safety Risk Assegnt is in principal equated to the
ICAO FOSA as specified in ICAO DOC 9613.

The improved capability of RNP AR APCH operations enables approach procedures
to be designed to low decision altitudes at locations where conventional approach
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The safety of normal RNP AR APCH operations is not in quesBGompliance with

the requirements of the RNP AR APCH navigation specification is regarded as
sufficient to meet the required level of safety. The Safety Risk Assessment is intended
to provide assurance that the level of safety is maintained in the exenbahormal

event.

ICAO instrument approach procedure design criteria do not make provision for non
normal events anadonsequentlyapproach procedures are designed without regard to
the consequences of failuresn Aaircraft could thereforebe placeal in a situation
where there is increased exposure to risk in the event of a system failure.

While there are elements of an approach procedure that are associated with the air
navigation service proger, the aircraft manufacturand the procedure designére
fundamental responsibility for the Safety Risk Assessment rests with the operator.

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

to the Safety Risk Assessment.

The following hazard conditions are examples of some of the more significant hazards
and mitigationsaddressed by the specific aircraft aoperational and procedural
criteria of this navigation specification

(a) Aircraft failures

(1) Failure of a navigation system, FGS, flight instrument system for the
approach or missed approach (déogs of GNSS updating, receiver failure,
autopilot disconnect, FMS failure) may be addressed through aircraft design
or operational procedure to cresBeck guidance (e.g. dual equipage for
lateral errors, use of TAWS).

(2) Crew procedure crossheck between two independent systems mégtte
malfunction of the air datsystem or altimetry.

(b) Aircraft performance

(1) The aircraft qualification and operational procedures ensure that the
performance is adequate on each appradaohsideration should be given to
the impact of aircrd configuration during approach and any configuration
changesssociated with a garound (e.qg. flap retraction).

(c) Navigation services

(1) Aircraft requirements and operational procedures must be developed to
address the risk that a NAVAID issal outside of designated coverage or
while it is in test mode.
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(d) ATC operations

(e)

(f)

(9)

(1) Operators are responsible for declining clearances for procedures assigned to
nonapproved aircraft.

(2) ATC training and procedures must ensure that obstacle clearance is
maintained until th aircraft isestablished on the procedure. ATC should not
vector aircraft to intercept on, or just prior to, the curved segments of the
procedure.

Flight crew operations

(1) Pilot entry and crossheck procedures are required to mitigate thle ofs
erroneous barometric altimetastting.

(2) Pilots must verify that the loaded procedure matches the published
procedure using the map display ander to mitigate the risk that an
incorrect procedure is selected or loaded.

(3) Pilot training mt emphasize the importance of flight control modes and the
need for independeptocedures to monitor for excessive path deviation.

(4) Pilots must verify that the RNP loaded in system matches the published
value.

(5) Pilot training must include bagkl landing or rejected landing at or below
DA/H.

Infrastructure

(1) GNSS satellite failure is evaluated during aircraft qualification to ensure
obstacle clearance can bmintained, considering the low likelihood of this
failure occurring.

(2) Relevant independent equipage (e.g. IRU) is required to address the loss of
GNSS signals for RNP ARAPCH procedures with RF legs, a lateral
navigation accuracy less than RNP 0.3 and/or a lateral navigation accuracy
for the missed approach less than RNR. 1For other approaches,
operational contingency procedures can be usedapgproximate the
published track and climb above obstacles.

(3) Aircraft and operational procedures are required to detect and mitigate the
effects of any testing of groumdAVAID s in the vicinity of the approach.

Operating conditions

(1) Excessive speed, due to tailwind conditions, on RF legs will result in the
inability to maintain track. This iaddressed through aircraft requirements
on the limits of command guidanc&clusion of 5 degrees of bank
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manoeuvrability marginconsideration of speed effeantd crew procedure to
maintain speeds below the maximanthorized.

(2) Nominal FTE is evaluated under a variety of wind conditioffse crew
procedure istherefore to monitor and limit deviations to ensure safe
operation.

(3) The effect of extreme temperature (e.g. extreme cold temperatures, known
local atmospheric or weathphenomena, high winds, severe turbulence) on
barometric altitude errors on the vertical pashmitigated through the
procedure design and crew procedures, with an allowance for aircraft that
compensate for this effect to condpcocedures regardless of the published
temperature limit. The effect of this error on minimum segment altitudes and
the DA is addressed in an equivalent manner to all other approach
operations.

Note: This list shall not be regarded as exhaustive.

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

Almost certain
Likely

Possible
Unlikely

Rare

Extremely Rare

Assess the consequences of each event, for example:

Minor
Moderate
Major
Severe
Catastrophic

Identify risk mitigators (including documentation)
Evaluate the overall risk

At the end of this proces a | | ri sk outcomes shall/l be
reasonably practical 0.

For example:
Risk: Loss of integrity during an approach with RF legs
Probability: Rare

Conseguences: Minor (Gound, IRS nav available)
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Risk Assessment: Low
22. RNAV VISUAL FLIGHT PROCEDURES
22.1 General

Reports indicate flighttrews sometimes descerd excessive rates on approach,
resulting in umrstabilized approaches. Many tifese reports come from flight crew
conducting visual approaches to runways not served by vertically guided approach
procedures. However, the events can also occur at airports with vertically guided
approach procedures when visual approach operationsegittude restrictions that
interfere with the flight crewbs ability
aircraft involved in these events are equipped WRNAV systems capablef
providing lateral, verticaland airspeed guidance/referencé?rocedures suclas
RVFP, which capitalize on the capabilities theseRNAV systems are beneficial
because they promote flight path repeatability, may reduce air traffic communications
and enhance safety.

The design and implementation of RVFP differnfradhat of charted visual flight
procedures in a number of regards. First, RVFP developed under this guidance are for
use onlyby pilots of aircraft equipped with instrument flight rulapproved RNAV
systems. Second, these proceduresre not publishedhithe Statés AIP, a separate
operational approval is required.

22.2 Weather Requirements

The ceiling and visibility values required to conduct these procedures must equal or
exceed the requirements for visual approach operations.

22.3 Operational Approval

The operator must ensure that the aircraft is equipped in accordance with the
functional requirements of the RVFP.

The operator must ensure the appropriate operating procedures.

The operator must ensure that the appropriate training has been ednaludtthat an
RVFP training program is in place.

The operator must also validdtg ability of the procedure in a simulator approved
for each make, model and series of aircraft intended for use of the RVFP.

Once the Authority is satisfied with the oper or 6 s ai rcraft equi pa

training program, the operator is approved to fly RVFP commensurate with their PBN
Operational Approval.
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22.4 Roles and Responsibilities.

Operators must train their pilots on RVFP. This training must include FRVF
phraseabgy and procedures.

The RVFP must be coded in the aircraft RNAV system database and retrievable by
name (i.e. line-selectable). Pilots are not authorized to build these procedures
manually.

Pilots must request the RVFP on initial contact with tontrolling agency, unless
previously coordinated.

Pilots must report the airport or preceding traffic in sight to receive clearance for an
RVFP.

Pilots must fly the published RVFP route and, unless otherwise cleared by ATC,
comply with charted mandaty altitudes and speeds.

By accepting an RVFP clearance, pilots also accept the requirements and
responsibilities associated with a visual approach clearance, e.g., visibility minimums
and cloud clearances.

Controllers must receive training on thesegadures, including RVFP phraseology,
Intervention policies and procedures, aimdaddition,actions to be taken if a pilot has
not reported the airport or preceding traffic in sight by the beginning of the procedure.

Controllers may allow an aircraft join the procedure at other than the initial fix.
However, ATC may not vector an aircraft to the initial fixaof RF leg, nor to any
intermediate location on the RF leg.

The controlling facility must radar monitor aircraft operating on any portion of an
RVFP.

CAP 11 Vol. 2 Initial 88 15 October 2017



KINGDOM OF BAHRAIN

z - 'f|;/£ 2%

W oIl

Ministry of Transportation
and Telecommunications

Appendix 1
FLIGHT CREW TRAINING
1.1 General

The amount and type of training required for flight crews varies significartly dependng
uponanumberof factorsinduding;

A Previoustrainingandexperience
A Complexity of operations
A Aircraft equipment

Consauently, it is not possble to spedfy for eachof the navigation spetficaions the
particular training that will be required. Therefore, same judgement is required in
determining the ontentandstructure of flight crew training. The naigation spedicdions
cover a wide range of operations, from basc to complex andthat training needsto be
appropriate to the particular adrcumstances.

Each navigation spedfication indudesguidanceon flight crew training although it shoud
be noted that the training spedfied for each opeation is genealy consdeed
independethy. It shoud berecanisedthat CAP 11is acompilation of guidancematerial,
same of which hasbeenin existencein otherforms for same numberof yeas. Thetraining
requiremerts may therefore not be entirely congstent acoss the range of navigation
spedficaions.

For enroute opeations,groundtraining is commonly sufficientto provide crews with the
necessyy knowledge. Delivery methodswill vary, but classroom training, computer based
training or in some caseglesk-top simulator trainingis normally sufficiert.

Arrival and depature opeations and paticularly appoach opeations normally will also
require some flight smulator training, in addtion to groundtraining and briefings.

Consdeaation shoud aso be placedupon the needfor flight crews to demondrate tha
competency standads are acheved andthe means of doaumertation of qudificaion.

1.2 Knowledgerequirements

For al PBN opeations the following areasof knowledge will needto be induded, with
varying content andcomplexity dependhg uponthe particular operations.

Areanavgation prindples. Areanavigation is the bass for all PBN operations The sane
gereral knowledge is thereforeapgdicale to all navigation spedficaions. Note that pil ots
with previous experiencemay notbe famili ar with same more advancedfeaures such as
Radusto Fix legs (RF) and theapgication of vertical nazigation.
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Navigation sysem principles. Flight crews stoud have a sound knowledge of the
navigation system to be usedThe relevanceof the navigation system to particuar PBN
navigation spedficaions shoud be clealy esalished.For example knowledge of inertial
navigation andupdaing is relevantto requiremerts for some oceanc andremote navigation
spedficaions, asis knowledge of GNSSisnecessg for RNP AR APCH opeations.

Equipment opeation andfundiondity. Condderable variation exists in the opeation of
navigation equipment, cockpit cortrols, dispays andfundiondity. Crews with experience
on one type of installation or aircraft may require addtional training on anaher type of
equipment. Spedal atention shold be placed on the dfferenes between sandaone
GNSS equipment andFlight Management Systems with GNSS updsting.

Flight plannng. Knowledgeof therelevantaspets of eachof the navigation spedcfications
thatrelate to flight panrningis required.

Operating procedires The complexity of operating procedires varies consderably
betweenPBN opeations.RNP APCH andRNP AR APCH require a detail ed knowledge of
standad opeating proceduresfor bah normal and non-normal operations.

Monitoring and &erting. Flight crew responsilities for peformance monitoring and
alerting provided by the naigation system or other means(crew procedures) must be
undestood.

Limitations Operating limitations (e.g. time limits, minimum equipmert) vary bah
between andwithin the PBN navigation spedficaionsandflight crews needto be albe to
recogniseandplanacardingly.

Contingendes Alternaive meansof navigation or other contingency pocedwes must be
induded.

Air Traffic Control procedures Flight crews needto be aware of ATC proceduesthatmay
beapgicalleto PBN operations

1.3 Flight Training requirements

Approachand departure opeations and in some casesarrivals require flight training and
the demondration of flight crew competency.

The amount of flight training required varieswith the PBN opeation, previousflight crew
training andexperienceandother fadors. In the couse of opeational appoval al relevant
circumstancesneed to be consdeed and the training evaluaed for completenessand
effectivenessOngoing and reaurrent training should alsobe consdered.

Despte the variation in training requirements, some genegal guiddinesmay be hdpful in
evaludaing the extent of training that might be required. Sanme examples of "average"
casesreincludedbelow. Theseexamplesassumehatflight crewshavepreviousrelevant
experienceandhave completedaknowledge training curriculum.
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En-Route: In gereral flight trainingis not required.

Arrival & Depature: As depature and arrival opaationsrequire strict adheenceto track

during periods of higher workloadand in addition,are as®ciated with reducedcleaance
from terrain andincreasedraffic, crews needio befully cornversantwith the opeation of

the naigation system. Conseuently, unlesscrews have significantappropriate opeational
expeiencesimulator or flight training must be provided. Particular care shodd be takenin

the evaludion of this type of operation conducted with standalone GNSS equipment

where functionallimitationsrequire crew intervertion.

RNP APCH Training for RNP APCH conduded usng stand-alone GNSS equipment,
paticularly in asingle-pil ot aircraft normally requiresmultiple in-flight exerciseseachwith
pre-flight andpog-flight briefing. Consderalle attertion needso be givento programming
and maragement of the navigation system, induding in-flight re-programming, holding,
multiple approaches, mode sdedion and recognitions, human factors and the navigation
systemfundiondity.

Approachesconducted in FMS equipped aircraft, are gereraly much easer to manege
and aircraft are genedly fitted with good map disdays asssting situaional awareness.
Normal operations are geneally quite smple and competency can be achieved with one
or two appoacha. Additional training shodd be provided to acheve familiarity and
competency in opaationswhich involve chargesto the plannedappoach, gstem alerting

and missedappoach requiremert. Attertion also needsto be placedon the method of

vertical navigation, udng standad non-precision appoach proceadures (LNAV) or

baometric VNAV (LNAV/VNAV). As a guide initial training for crews with previous
relevant GNSS & RNAV expeiencetypicdly can achieve compeency duing onefull

flight smulator training sesson with assocated pre-flight andpostflight briefing.

RNP AR APCH RNP AR APCH opeaationsare abe to ddiver improvemerts in safety and
efficiencywhich are enabled by the Authorisaion Required processwhich ensuesthat all
areasof theopeaating are carefully examinedandappropriate attertion placedon all aspets
of the opeaation induding training. Accadingly training for RNP AR APCH opeaations
shoud be thorough and ensue that crews are alde to manaye opeaations sfely within
theaddtionaldemandsplacedon procedue desgn, arcraft andcrew procedues.

As a guide, crews without previous relevant experience(e.g. RNP APCH with Baro

VNAV), may require a course of ground training (1 - 2 days) plus smulator flight
training (4hrs or more) in orderto achieve compeency.
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Appendix 2

EXAMPLE O PERATIONS SPECIFICATION (OPS SPEC) ENTRIES

OPERATIONS SPECIFICATIONS
(subject to the approved conditions in the operatiananual)

ISSUING AUTHORITY CONTACT DETAILS

Telephone: Fax: Email:

AOC# Operator nafne Date Signature:

Dbatradina name:

Aircraft modet:

Types of operation: Commerci al ai’

Area(s) of operatioh

Special limitations

SPECIAL AUTHORIZATION YES NO SPECIFIC APPROVALS REMARKS

Dangerous goods O |0

Low visibilly operations

Approach and landing O | O | CAT RVR: mDH: |
Takeoff O |0 |RVRY _ m

RVSMPO N/ A O | O

EDT® O N/ A O | O | Threshold timé&* minutes

Maximum diversion tim&: minutes

Navigation specifications for| O | O 16

PBN operations

Continuing airworthiness >< ><

Other'® O | 0o
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Notes:

1. Telephone and fax contact details of the authority, including the country code. Email
to be providd if available.

2. Insert the associated AOC number.

.l nsert the operatorédés registered name and
|l nsert fAdbao before the trading name (for

4. Issuance date of the operations specifaai (ddmm-yyyy) and signature of the
authority representative.

5. Insert the Commercial Aviation Safety Team (CAST)/ICAO designation of the
aircraftmake, model and series, or master series, if a seagdeen designated (e.g.
Boeing737-3K2 or Boeing777-232). The CAST/ICAO taxonomy is available at
http://www.intlaviationstandards.org/

6. Other type of transportation to be specified (e.g. emergency medical service).

7. List the geographical an(s) of authorized operation (by geographical coordinates or
specific routes, flight information region or national or regional boundaries).

8. List the applicable special limitations (e.g. VFR only, day only).

9. List in this column the most permissi criteria for each approval or the approval type
(with appropriate criteria).

10.Insert the applicable precision approach category (CAT |, IlI, A, 1lIB or HlIC). Insert
the minimum RVR in metres and decision height in feet. One line is used per liste
approach category.

11.Insert the approved minimum takdf RVR in metres. One line per approval may be
used if different approvals are granted.

12ANot applicable (N/A)O box may be checked
below FL 290.

13.1f extended diversion time operations (EDTO) approval does not apply based on the
provisions in Annex 6, Part |, Chapter 4
and maximum diversion time must be specified.

14.The threshold time and maximum diviens time may also be listed in distance (NM),
as well as the engine type.

15.Performancebased navigation (PBN): one line is used for each PBN specification

authorization (e.g. RNAV 10, RNAV 1, RNP 4), with appropriate limitations or
conditions listedit he ASpeci fic Approval so and/ or AF
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16.Limitations, conditions and regulatory basis for operational approval associated with
the performancéased navigation specifications (e.g. GNSS, DME/DME/IRU).
Information o performancébased navigtion and guidance concerninghe
implementation and operational approval process, are contained Petfi@mance
based Navigation (PBN) ManuéDoc 9613).
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17.Insert the name of the person/organization responsible for ensuring that the continuing
airworthiness of the aircraft is maintained and tiegulation that requires the work,
i.e. within the AOC regulation or a specific approval (e.g. EC2042/2003, Part M,
Subpart G).

18.0ther authorizations or data can be entered here, using one line (or omdimaul
block) per authorization (e.g. special approaatthorization, MNPS, approved
navigation performance).

Example entres are ilustratedbelow

Special Authorizations Yes No Specific Approvals Remarks
Navigation specifications for RNAV 10 Primary sensor GNSS.
PBN operations

RNAV 5 Also valid for B-RNAV
routes.

Approval based upon GNSS
and DME/DME.

RNAV 1 and 2 Also valid for P-RNAV
routes/procedures.

RNP 1 Authorized for RF legs.

RNP APCH (LPV) Approval based upon SBAS.

Authorized for approaches to
LPV, LNAV/VNAV or LNAV
minima.

RNP AR APCH RNP 0.15
Authorized for RF legs.
RNP 0.2 in missed approach.

AP required.

Dual FMS/IRS required.
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Appendix 3

ACCEPTABLE METHODS FOR FLIGHT TECHNICAL ERROR (FTE )
ASSESSMENT

This appendix outlines criteria for assessment of "Flight Technical Error" (FTE)
related to RNP capability and other navigation applications (e.g. instrument approach
capability, etc.). These criteria are available for use for FMS/EFIS gsg#dtations,

RNP applications, or other navigation applications related to this CAP or as otherwise
determined to be acceptable by B@AA. It may be used in lieu of FTE assumptions
referenced in other publications.

1 Background

For RNPs of 0.3 NM pgreater, industry standard default values for FTE e.g. RTCA
DO-208, AC20130, etc are used and present a convenience to an operator or
applicant in enabling a quick determination of what combinations of systems,
capabilities, features and performance atlowable for the conduct of operations.
However, the default value is the dominant error as RNP values are reduced below 0.3
NM. As a result, use of the standard defaults limit the extent that a system may be
utilised, i.e. for RNP 0.15 an FTE of 0.128M is assumed when coupled to an
autopilot. For RNP less than 0.15 NM, the standard FTE values are insufficient such
that an aircraft may not be used even with a precision source such as GNSS, until
there is a reduction in FTE. FTE estimates or assumptoastypically added to
navigation system error characteristics to permit specification of "protected airspace"
for obstacle clearance or aircraft to aircraft separation (using various mathematical
statistical methods such as "Root Sum Squared"). Protedtspace may pertain to
procedure obstacle clearance surfaces, establishing route or airway widths, setting
oceanic track separation values, definition of ICAO Obstacle Clearance Limits, or
other similar applications.

Previous FTE assessments were basedery limited samples of normal performance

of a population of aircraft that included "worst case aircraft types and least capable
systems" and is not representative of modern, advanced aircraft. This penalises, or
does not appropriately credit, modesystems which have resulted in improved FTE
performance. Further, some assessments of FTE usually consider only "normal
performance”, and do not appropriately assess path displacements for "rare normal
performance” (e.g. strong winds), or "roormal perfemance” (e.g. flight path
performance related to failures engine failure while on RF turn, extraction, etc).

2 Obijectives
A major element of aircraft and navigation system performance assessment is the
proper characterisation of FTE. This appendix pdesi uniform criteria for assessing

FTE to be used in conjunction with AC1-20A, and other relevant regulatory and
industry references.
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This FTE method:

(a)

(b)
(c)

(d)

(e)

()

9
(h)

Establishes FTE for modern aircraft in a way that provides improved pilot
situation information wer that provided in previous generation aircratft,

Comprehensively considers the factors which affect FTE,

Establishes a means to provide credit to an aircraft and navigation system design
which includes features which provide for significantbgduced FTE,

Permits improved partitioning of the application and use of FTE between
airworthiness assessment, operational authorisation, and procedure development
and implementation (e.g. for definition of RNP routes, use of PANSOPS or
TERPS applicions etc.),

Provides operational incentives, and consequential design incentives for good
FTE performance,

Allows proactive rather than reactive applications (e.g. eliminate the need for
lengthy and costly in service data collection)

Properly addresses "real" safety factors related to functional hazard assessments,

Establishes consistent application with the desired navigation evolution to RNP,
4D, MASPS, etc.

(i) Permits the eventual introduction of new methods of risk asssest (i.e.
performance based design) as alternatives to the traditional, conservative
methods such as "Collision Risk Model (CRM)", and

() Facilitates the transition to GPS, GNSS, and other modern navigation
techniques.

3 Criteria

The criteria in he following sections provide a means for applicants to demonstrate
improved FTE performance which may be used in lieu of previous standard FTE
assumptions that may not be appropriate for certain modern aircraft and systems.
Items in section 4 address FTdemonstration criteria. Items in section 5 address
acceptable methods for data collection and presentation of results.

4 FTE Demonstration Criteria

(a)

Use of Realistic Tasks

Tasks selected should address relevant flight phases applicable to the FTE
measurements sought (e.g. takeoff, climb, cruise, descent, approach, landing, and
missed approach.). Tasks should be realistic in providing appropriate lateral,
vertical, and longitudinal elements, even though capability in only one or several
dimensions ieing assessed. Realistic and representative procedures should be
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used (e.g., number of waypoints, placement of waypoints, segment geometry, leg
types, etc.).
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(b) Representative Test Methods and Test Subjects
(1) Test Methods

An acceptable combinatioof analysis, simulation, and flight verification
should be used to establish alternative FTE performance. A plan acceptable
to theBCAA should be provided by the applicant prior to testing.

(2) Test Subjects

Test crews should represent an appropriatix of flight experience,
currency, and qualification (Captain, F/O, etc.

(c) Performance Assessment

Normal performance (straight and turning flight), Rare Normal Performance
(e.g. strong winds and wind gradient effects), and iNenmal Performance

(e.g engine failure, remote and extremely remote effects) should each be
considered. Functional hazard assessments should be the basis for deciding how
to assess nenormal performance. Characterisation of performance should
address "95%" and "limit performee" for a suitable sample size. Emphasis
should be on practical and realistic flight scenarios rather than on rigorous
statistical demonstrations that may not be representative of "in service"
conditions. Successful demonstration of procedures intendetkffiorinal area
applications (e.g. approach, missed approach) may generally be considered to
also cover enroute applications.

The demonstration of Flight Technical Error must be completed in a variety of
operational conditions; rare normal conditions arwh-normal conditions. This
should be documented in the appropriate aircraft operational support document.
Realistic and representative procedures should be used (e.g. Number of
waypoints, placement of waypoints, segment geometry, leg types, wind etc.).
The nornormal assessment should consider the following:

(1) Acceptable criteria to be used for assessing probable failures and engine
failure during the aircraft qualification is to demonstrate that the aircraft
trajectory is maintained within a 1XxRNP calor laterally and 75 feet
vertically.

(2) Acceptable criteria to be used for assessing remote failures during the
aircraft qualification is to demonstrate that the aircraft trajectory is
maintained within a 2xRNP corridor laterally and 75 feet veliyjica

(3) Extremely remote failure cases should be assessed to show that under these
conditions the aircraft can be safely extracted from the procedure. Failure
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cases might include dual system resets, flight control surface runaway and
complete loss oflight guidance function while in NAV.
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(4) The aircraft performance demonstration during the operational evaluations
can be based on a mix of analysis and flight technical evaluation using
expert judgment. RNP AR procedures with navigation accuracythess
RNP 0.3 or with RF legs require the use of autopilot or flight director
driven by the RNAV system in all cases. Thus, the autopilot/flight director
must operate with suitable accuracy to track the lateral and vertical paths
required by a specific RNRR approach procedure.

(d) Reference Path Selection

For FTE assessments a nominal path may be used (magenta line) that does not
include consideration of specific navigation sensor/system anomalies (e.g. DME
updating anomaly characteristics etc.). Thelagant should, however, indicate

how any FTE effects related to navigation system anomalies, if any, should be
operationally addressed.

5 Parametersto be Measuredand Presentation of Results
(a) FTE Assessment Parameter Measurement
Parameters meased should include:
(1) Pertinent lateral and vertical path displacements,

(2) Longitudinal performance as applicable (speed errors, ETA/RTA errors,
etc.),

(3) Other parameters as necessary to assure realistic operational performance
(bank anglespitch attitudes, thrust changes, track/heading variation, G
loading, etc.).

(b) FTE Assessment Methods

Unless otherwise agreed by the regulator, demonstrations should be based on
appropriate simulations, and be verified by flight trials.

(c) FTE Assasment Result Presentation
Data may be presented in various AFM provisions related to demonstrated
performance for levels of "RNP", instrument approach and landing capability,

etc.

6 Examplesof Regulatory Responsibility for Assessmenbf FTE and Use of FTE
Evaluation Results

The BCAA will:

CAP 11 Vol. 2 Initial APP 34 15 October 2017



KINGDOM OF BAHRAIN

z - :|;/£ 2%

W Sredogs

(a) typically conduct assessments of FTE in conjunction with Type
Certification/Supplemental Type Certification (TC/STC) projects, when a
TC/STC applicant has made such a request. Special circumstances may exist
where assessments acceptable to the CAA will be conducted by other
organisations (FAA, etc.),
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(b) participate in FTE assessments in conjunction with aircraft certification projects,
and assure that appropriate flight standardisation provisions are identif

(c) assure proper application of FTE as specified in AFMs for particular applications
(e.g. RNP authorisations),

(d) address crew qualification requirements necessary to achieve the intended FTE
performance.

7 FTE ASSESSMENT PROCESS

Applicants apply through normal channels to the CAA. The CAA will evaluate the
application for applicable criteria and specific evaluation plans.
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Appendix 4
FLIGHT OPERATION SAFETY ASSESSMENTS (FOSA)
1 Safety Assessment

The safety objectie for RNP AR operations is to provide for safe flight operations.
Traditionally, operational safety has been defined by a target level of safety and
specified as a risk of collision of 1D per approach. For RNP AR approaches a flight
operational safety ssessment (FOSA) methodology may be used. The FOSA is
intended to provide a level of flight safety that is equivalent to the traditional TLS, but
using methodology oriented to performarzased flight operations. Using the FOSA,

the operational safety oljgve is met by considering more than the aircraft
navigation system alone. The FOSA blends quantitative and qualitative analyses and
assessments for navigation systems, aircraft systems, operational procedures, hazards,
failure mitigations, normal, rareonmal and abnormal conditions, hazards, and the
operational environment. The FOSA relies on the detailed criteria for aircraft
gualification, operator approval and instrument procedure design to address the
majority of general technical, procedure and sx factors. Additionally, technical

and operational expertise and experience are essential to the conduct and conclusion
of the FOSA.

An overview of the hazards and mitigations is provided to assist States in applying
these criteria. Safety of RNP AR @ach operations rests with the operator and the
air navigation service provider as described in this chapter.

A FOSA should conducted for each RNP AR approach procedure where more
stringent aspects of the nominal procedure design criteria are applipgdRNP 0.1
missed approach, RF legs, and RNP missed approaches less than 1.0) or where the
application of the default procedure design criteria is in an operating environment
with special challenges or demands to ensure that for each specific set afiraper
conditions, aircraft, and environment that all failure conditions are assessed and where
necessary mitigations implemented to meet the operational safety objective. The
assessment should give proper attention to the interdependence of the elements of
design, aircraft capability, crew procedures and operating environment.

The following hazard conditions are examples of some of the more significant hazards
and mitigations addressed in the aircraft, operational and procedure criteria:

Normal performace: Lateral and vertical accuracy are addressed in the aircraft

requirements, aircraft and systems operate normally in standard configurations and
operating modes, and individual error components are monitored/truncated through
system design or crew prabere.

RareNormal and Abnormal Performance: Lateral and vertical accuracy are evaluated
for aircraft failures as part of the determination of aircraft qualification. Additionally,
other rarenormal and abnormal failures and conditions for ATC operaticnsw
procedures, infrastructure and operating environment are also assessed. Where the
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failure or conditionresults are not acceptable for continued operation, mitigations are
developed or limitations established for the aircraft, crew and/or operation.
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2 Aircraft Failures

(a) System Failure: Failure of a navigation system, flight guidance system, flight
instrument system for the approach, or missed approach (e.g. loss of GNSS
updating, receiver failure, autopilot disconnect, FMS failure etc.). Depgnah
the aircraft, this may be addressed through aircraft design or operational
procedure to crosscheck guidance (e.g. dual equipage for lateral errors, use of
terrain awareness and warning system).

(b) Malfunction of air data system or altimetry: Crg@nocedure crosscheck between
two independent systems mitigates this risk.

3 Aircraft Performance

(a) Inadequate performance to conduct the approach: the aircraft qualification and
operational procedures ensure the performance is adequate on eadcthppso
part of flight planning and in order to begin or continue the approach.
Consideration should be given to aircraft configuration during approach and any
configuration changes associated with aagound (e.g. engine failure, flap
retraction, reengagnent of LNAV mode).

(b) Loss of engine: Loss of an engine while on an RNP AR approach is a rare
occurrence due to high engine reliability and the short exposure time. Operators
will take appropriate action to mitigate the effects of loss of engineatimg a
go-around and manually taking control of the aircraft if necessary.

4 Navigation Services

(a) Use of a navigation aid outside of designated coverage or in test mode: Aircraft
requirements and operational procedures have been developed &ssadhuis
risk.

(b) Navigation database errors: Procedures are validated through flight validation
specific to the operator and aircraft, and the operator is required to have a
process defined to maintain validated data through updates to the navigation
database.

5 ATC Operations

(a) Procedure assigned to incapable aircraft: Operators are responsible for declining
the clearance.

(b) ATC vectors aircraft onto approach such that performance cannot be achieved:
ATC training and procedures must ensumastacle clearance until aircraft is
established on the procedure, and ATC should not intercept on or just prior to a
curved segments of the procedure.
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6 Flight Crew Operations

(a) Erroneous barometric altimeter setting: Crew entry and crosscheckdanes
mitigate this risk.

(b) Incorrect procedure selection or loading: crew procedure to verify loaded
procedure matches published procedure, aircraft requirement for map display.

(c) Incorrect flight control mode selected: training on importantélight control
mode, independent procedure to monitor for excessive path deviation.

(d) Incorrect RNP entry: crew procedure to verify RNP loaded in system matches
the published value.

(e) Go-Around/Missed Approach: Balked landing or rejecteddiag at or below
DA (H).

(f) Poor meteorological conditions: Loss or significant reduction of visual reference
that may result in or require a-goound.

7 Infrastructure

(&) GNSS satellite failure: This condition is evaluated during aircraftification to
ensure obstacle clearance can be maintained, considering the low likelihood of
this failure occurring.

(b) Loss of GNSS signals: Relevant independent equipage (e.g. IRU) is required for
RNP AR approaches with RF legs and approaches wheredcuracy for the
missed approach is less than 1 NM. For other approaches, operational procedures
are used to approximate the published track and climb above obstacles.

(c) Testing of ground Navaid in the vicinity of the approach: Aircraft and
operational procedures are required to detect and mitigate this event.

8 Operating Conditions

(a) Tailwind conditions: Excessive speed on RF legs will result in inability to
maintdn track. This is addressed through aircraft requirements on the limits of
command guidance, inclusion of 5 degrees of bank manoeuvrability margin,
consideration of speed effect and crew procedure to maintain speeds below the
maximum authorised.

(b) Wind conditions and effect on flight technical error: nominal flight technical
error is evaluated under a variety of wind conditions, and crew procedures to
monitor and limit deviations ensure safe operation.

(c) Extreme temperature effects of barometradtitude (e.g. extreme cold

temperatures, known local atmospheric or weather phenomena, high winds,
severe turbulence etc.): The effect of this error on the vertical path is mitigated
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through the procedure design and crew procedures, with an allowance for
aircraft that compensate for this effect to conduct procedures regardless of the
published temperature limit. The effect of this error on minimum segment
altitudes and the decision altitude are addressed in an equivalent manner to all
other approach opeians.
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