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APPENDIX C

DRAFT AMENDMENTS TO THE GLOBAL AIR NAVIGATION PLAN
FOR CNS/ATM SYSTEMS (DOC 9750)

NOTESON THE PRESENTATION OF THE PROPOSED AMENDMENT

1 Thetext of the amendment is arranged to show deleted text with a line through it and new
text highlighted with grey shading, as shown below:

Fextto-be-deletedHsShownwith-atine through-t text to be deleted

New text to be inserted is highlighted with grey shading. new text to be inserted

Fedtto-bedeetedHsshewnwith-atine through-t followed new text to replace existing text
by the replacement text which is highlighted with grey
shading.
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GLOBAL AIR NAVIGATION PLAN FOR CNS/ATM SYSTEMS

Editorial Note— Thetable of contentsis reproduced in part and expanded to highlight, in bold, the
parts of the document that are affected by this amendment.
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PART |

Operationa Concept and General Planning Principles

Chapter 1
INTRODUCTION TO CNS/ATM

A BRIEF LOOK AT CNSATM

Navigation

1.20 Improvementsin navigation include the progressive introduction of area navigation (RNAV),

egpabiities-ateng-with-the supported by an appropriate combination of global navigation satellite system
(GNSS), self-contained navigation systems (IRU/IRS) and conventional ground-based navigation aids. The

ultimate god isatrangition to GNSSthat would eliminate the requirement for ground-based aids, although the

121 GNSS provides for globa navigationa coverage and is being used for oceanic, en-route and
termina navigation and for non-precision approaches. With appropriate augmentation systems and related
procedures, GNSS supports approaches with vertical guidance and precision approaches. 6NSS-Core
satellite constellation(s) with proper augmentation as specified in Annex 10,~wi# provides a high-integrity,
high-accuracy and all-weather-wertehwide global navigation service. The-saeeessfut full implementation of
GNSSwedtd will enable aircraft to navigate in adl types of airspace, in any part of the world, using on-board
avionics to receive and interpret satellite signals.

1.22  Theintroduction of GNSS offersing the possibility for many States to dismantle some or al
of their existing ground-based navigation infrastructure. However, the remova of conventiona radio
navigation aids should be considered with caution and after a safety assessment has demonstrated that an
acceptable level of safety can be met and after consultation with users through the regional air navigation
planning process.
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123  The mgor benefits from the introduction of these navigation elements are summarized in
Figure I-1-2.

Editorial Note.— Renumber subsequent paragraphs accordingly.

Amend Navigation section of Figure I-1-2 as follows:

Navigation

High-integrity, high-reliability, all-weather global navigation
services-wottewite

Improved four-dimensional navigation position determination
accuracy

Potential €cost savings from the reduction or non-implementation
of ground-based navigation aids

BetterMore efficient airspace and airport ane+arweay-utilization

improved approach capabilities-at-presentiy-ren-eguipped
aifpers

Potential to Rreduced pilot workload

Ability to reduce the environmental impact through flexible routing
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Chapter 2
ICAO’SPLANNING STRUCTURE FOR CNS/ATM

APPENDIX A TO CHAPTER 2
STATEMENT OF ICAO POLICY ON CNS/ATM SYSTEMS
IMPLEMENTATION AND OPERATIONS

Approved by Council (C 141/13) on 9 March 1994

6. GLOBAL NAVIGATION SATELLITE
SYSTEM

The globa navigation satellite system (GNSS)-shedtd is being implemented as an evolutionary progression
from existing global navigation satdllite systems, including the United States' global positioning system (GPS),
and the Russan Federatlon sgl obal orb|t| ng navlgatl on ﬂdllte system (GLONASS)—tewaFeIs—aFHHtegrated

States may obta| n better control over the use of GNSS through the depl oyment of i ndependent mteroperabl e
systems or theimplementation of augmentation systems, e.g. satellite-based augmentation systemsor ground-
based augmentation systems.

The future GNSS will consst of multiple constellations and multiple frequency signas from the core
congdlations GPS, GLONASS and GALILEO which is being developed by the European Union member
States. GPSwill be enhanced by the addition of asecond civil signd on L2 and, more importantly for aviation,
a third civil sgna on L5 which is in a protected aeronautical radio-navigation service (ARNS) frequency
band. GLONASS is dso evolving to add multiple frequencies available to civil users with the advent of the
GLONASS-M and GLONASSK satdlliteswith second civil signa on L3 inthe ARNSband. The GALILEO
systemwill offer another congtellation of navigation satellites with multiple frequency signals availableto cvil
aviaion. |CAO shal-continues to explore, in consultation with Contracting States, airspace users and service

providers, the feasbility of eehteving-aciviHnternationay-eontreledthe use of multiple, interoperable GNSS

elements.
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Chapter 4
AIR TRAFFIC MANAGEMENT

Note.— Chapter 4 is under review on the basis of material developed by the Air Traffic
Management Operational Concept Panel (ATMCP). Proposed amendments to this
chapter will be presented separately. Tables 1-4 will be deleted in revised Chapter 4.

Chapter 6
NAVIGATION SYSTEMS

REFERENCES

Annex 10 Aeronautical Telecommunications
Guidelines for the Introduction and
Operational Yse-ef-the-Global Navigation
Satellite System (GNSS) Manual {Eiredtar264
(Doc ....)

Manual on Required Navigation Performance
(RNP) (Doc 9613)

Annex 11 Air Traffic Services

Procedures for Air Navigation Services —
Aircraft Operations (Doc 8168, PANS OPS)

OBJECTIVES

6.1 Thenavigationdement of CNS/ATM systemsis+eant intended to provide an accurate, reliable
and seaml esspestier-determtnatton global navigation (positioning) capabilitywerewide throughatreduetion
of-sateltite-based-aeronadtical-Ravigation. Positioning is established using an appropriate mix of capabilities
provided by satellite-based, self-contained navigation systems and/or ground-based navigation facilities.

REQUIRED NAVIGATION
PERFORMANCE (RNP) AND
AREA NAVIGATION (RNAV)
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6.2 Modern aircraft are mcreas ngly equipped W|th RNAV wstems the use of which famhtates
a erX|bIe route system Als A

use+HteFHaHeHd4y—rs&|-H—requrred— The appl ication of RNAV in various parts of theworld hasa ready been
shownto provide anumber of advantages over conventional station-referenced navigation and benefits such

as more direct routing.

6.3 The RNP concept appliesto navigation performance within an airspace and therefore affects
both the airspace and the aircraft. RNP is intended to characterize an airspace through a statement of the
navigation performance (RNP type) to be achieved by aircraft within this airspace. The RNP concept for
en-route operations has been approved by ICAO (Annex 11, Chapter 2) and RNP types are described in the

Manual on Required Navigation Performance (RNP) (Doc 9613)-hasbeen-extendedto-coverapproach;
- » RS,

6.4 RNP aone cannot be used in the selection of separation minima, and a decision to establish
route spacing and aircraft separation minima should aso take into account the level of communications,
surveillance and air traffic services in the airspace concerned.

GLOBAL NAVIGATION
SATELLITE SYSTEM (GNSS)

6-7.5 The GNSSisawerewide global postion and time determination system, which includesere
oe—mere core satellite constellations, aircraft receivers—and system integrity monitoring, and adgmented
augmentation systems that enhance performance of the core constell ati ons-as-heeessary-te-suppertthe RNP

for-the-actualphase-of-operation.
6:8.6 The satdlite navigation systemsin operation are the globa positioning system (GPS) of the

United States and the gGL Obal-erbiting aNavigation sSatellite sSystem (GLONASS) of the Russian
Federation. Both systems were offered to ICAO as a means to support the evolutionary development of
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GNSS. In 1994, the ICAO Council accepted the United States offer of the GPS, and in 1996 it accepted the
Russian Federation’s offer of GLONASS.

6:9.7 The nomina GPS space segment is composed of twenty-four satdllitesin six orbital planes.
The satellites operate near-circular 20 200 km (10 900 NM) orbits at an incli-nation angle of 55 degrees to
the equator, and each satellite completes an orbit in gpproximately 12 hours.

6:20.8 The nomina GLONASS space segment consists of twenty-four operational satellites and
severd spares. GLONASS satdllites orbit at an atitude of 19 100 km with an orbital period of 11 hours and
15 minutes. Eight evenly spaced satellites are arranged in each of the three orbital planes, inclined 64.8
degrees and spaced 120 degrees apart.

GNSSAUGMENTATIONS

ii RS a i1 e satisfy aviation performance
requirements (accuracy integrity, avallablllty and conti nwty of service) for al phases of flight and to enable
a degree of independent monitoring, GPS and GLONASS require varying-degrees levels of augmentation.

Augmentations are classified in three broad categories: aircraft-based, ground-based and satellite-based (see
Table I-6-1).

Aircraft-based augmentations
63210 Aircraft-based augmentation system (ABAS) integrates the information obtained from

GNSS with other information available on board the aircraft. One-type-efaireraft-based-augmentation
QABA—S}ﬁeal-ledform of ABAS is recelver autonomous mtegrlty monltorl ng (RAI M) WhICh eaﬁ—beused#

d&&mma&en—ea#euta&en& uses onIy characterlstlcs mherent in the core GNSS constellatlon If sgnals of
more than four satelliteswith suitable geometry are received, RAIM makes use of the redundant information
to provide an integrity check.

6:43.11 Other aircraft-based augmentations can al so beimplemented and are usualy termed aircraft
autonomous integrity monitoring (AAIM). An inertial navigation system, for example, can aid GNSS during
short periodswhen the satdllite navigati on antennas are shadowed by the aircraft during manoeuvresor during
periods when insufficient satellites are in view. Augmentation techniques particularly useful for improving
avalability of the navigation function also include atimetry-aiding, more accurate time sources or some
combination of sensor inputs combined through filtering techniques.

Ground-based augmentations
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6:34.12 Fer-gGround-based augmentation systems (GBAS), a+neniter+s-located at or near the
arport ~where supports precision approach operations, and can aso support area navigation in the terminal
area as necessary-are-desred—Signals It includes two or more reference receivers that monitor satellite
signals. GBAS broadcast signals are sent directly to the aircraft in the vicinity (approximately 37 km
(20 NM)). These signals provide correctionsto localy increase the position accuracy-+eeshy-aeng-with and
provide satdliteintegrity information. This capability requiresdatatink{s)betweenthe ground-andthe-aireraft
aVHF ground-to-air databroadcast channel . Standardsfor aground-based system which can providean area
navigation service in a larger area are under development (ground-based regional augmentation system
(GRAY)).

Satellite-based augmentations

A ‘ .Satelllte—based augmentanon system
(SBAS) prowdes augmentanon coverage over Iarge areas. SBAS uses a network of monitoring stations to
collect information about the signals from each of the navigation satellites and broadcasts differential
corrections and integrity data over awide area using goestationary satellites.

———6:36-The provision of satdllite-based augmentation by geostationary satellites has certain limitations
and-therefere in many cases cannot be expected to support al phases of flight, especially precision approach
and landing-ef-htgher-eategeries. Since these satellites orbit above the equator, their signals would not be
available in polar regions and may be masked by aircraft structure or terrain. This suggests that other GNSS
augmentation satel lite orbits and/or ground-based augmentation might need to be considered to dleviate these
shortcomings for certain regions or operations.

FUTURE GNSS SIGNALSAND THEIR COMBINED USE

6.14 GPSand GLONA SSare being enhanced to provide additional signalson protected frequencies.
GALILEO is being developed to provide an additional constellation of navigation satellites also providing
multiple Sgnals on severa frequencies. The increasing number of GNSS signals and constellations has the
potential to offer sgnificant benefitsto civil aviation including improved performance and robustness, GNSS
ground architecture ssimplification and aleviation of ingtitutional concerns. The introduction of these new
elements also raises some technical and ingtitutional issues. Asthese future signals and system elements are
developed, ICAO will provide guidance to States as to how to best make use of these additiona signasand
elements in combination and to maximize the opportunities from the capabilities being offered.

AVIONICS
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63715 SHpleGRSer-GEONASS-GNSS receivers that do not include-RAHW ABAS, SBAS or
GBA Scapability (or-smiter future forms of integrity monitoring) generally cannot meetthe aviation navigation

requirementsferaphasesef-Hight.

6:48.16 Multi-sensor systems, using GNSS as one of the sensors, are expected to bein-tse operation
for the foreseeable future. Such navigation systems—generaty exhibit—bettetevels—of more reliable
performancethan theindividual sensor or stand- aI one wstems A| rcraft usi ng muItr -Sensor havigation systems,
such as integrated-GN ' RNP combinations
of GNSS, IRS and DME, may prowde hlgher serV|ce avallabllty which could not be obtained by use of GPS
or GLONASS done.

WGESB84-COORBHNATESYSTEM-AND
AERONABTHECAEDATABASES COORDINATE DATA

6:29.17 The successful globa implementation of satellite navigation is predicated on the existence
of a coordinate and procedures database of a very high guality accuracy and integrity. Acedrate-Rdiable
satellite navigationisonly possiblewhen thegreuﬂd-elewed coordr nates, derlved from the navl gatr on database
of waypoints are of the required quality-caledta ‘

tse-the-same-geodeticreference-system.

6:20.18 In support of evolving navigation techniques-satelite-based-technelegy, ICAO adopted
WGS-84 as the common geodetic reference datum for civil aviation with an applicability date of 1 January

1998 (Annex 15). Implementation of WGS-84 involves, among other things, the possibility of coordinate
conversion for non-critica points (e.g. obstacles en- route) and preferred resurveyr ng of aII critical p0| nts
needed to high quality (e.g. runway threshold)-trans t tesal

to WGS-84.

6:2+.19 Aeronautical databases are built and updated through the use of surveys of existing
navigation aids, position fixes and runway thresholds and through the design of new routes or approach
procedures. Systems are to be in place to ensure the guahty-{accuracy, integrity and resolutiony- of position
data from the time of the survey, to the submission of information to the next intended user. Aeronautical
databases must be updated on aregular basis.

EVOLUTIONARY INTRODUCTION

6:22.20 GNSSimplementationwill be carried out in an evolutionary manner, allowing gradua system
improvementsto beintroduced. Near-term applications of GNSS are intended to enable the early introduction
of satellite-based-en-redte area navigation without any infrastructure investment, using the-existing core
satdlite-systems congtellations {GPS-and- GEONASS)-andprimarihy-ai+eraft-based-adgmentations integrated
multisensor airborne systems. The use of these systems already allows for increased reliability of non-
precision approach operations at some airports.
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6:23.21 Medium-term-Other applications will make use of existing satellite navigation systemswith
any sometype of augmentation, or combination of augmentations required for operation in a particular phase
of flight. Longer-term applications will apply to future GNSS.

GNSS-based operations can be approved with a variety of operational procedures, depending on the GNSS
level of service and the operational requirements. These procedures can be very specific, either to particular
types of aircraft (based on equipage), the type of operation (e.g. non-precision approach), any unique
characteristics of the operation (e.g. ability to conduct approaches along curved path segments), or aspecific
location (e.g. airspace with low traffic density). Periods of system unavailability must be operationally
managed through NOTAMSs or an equivalent notification to the users. Some States have approved the use
of GNSS where the user is responsible for deciding if there is an operationaly significant outage.

SYSHEMSTO-SUPPORT-APPROACH;
EANBDINGAND BEPARTURESPERATONS

Editorial Note— Original paragraph 6.25 has been moved and modified. It is now paragraph 6.28.

. Operatl onal aoprovais for aircraft areﬂqerefere
|39Jed for partlcular operations and normaIIy |dent|fy specific conditions or restrictions to be gpplied. To this
end they may vary from State to State, and from operation to operation.

6:27.24  GNSS-sete-means approva may facilitate—+ts-therefere-a-neeessary—but-net-suffietent;

eondition-fortermination-efpresent the withdrawal of specific conventional ground-based radio navigetion
services. The withdrawal of ground-based navigation services should, however, be undertaken with due

consderation to the need for and methods of m|t| gatl ng GNSS vul nerabl I ities (see 6. 27) A—numbeleef—al-reiﬂaa‘{
y ‘ ‘ vex, The
a r#aﬁre navigation service prowder must then provide anavi gatl onservicetodl users concerned to support
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gh-relevant phases of flight without reliance on any conventional ground-based means of navigation. It is
therefore necessary to harmonize any withdrawal of conventiona navaids with the introduction of GNSS
navigation service. These considerations are not applicable to airspace wherepresent-navaids conventional
ground-based navigation aids are currently not available and GNSS aone can be introduced to benefit
GNSS-equipped users.

6:28.25 When introducing GNSS-based services, each State shall identify the elements of GNSS
that-areprevided are to be approved (e. g GPS GLONASS SBA—S—GBA—Sand augmentatlon systems) and
developan |mplementat|on plen v v by

The cost of |mplement| ng SBAS and GBAS should be tied to the provision of user beneflts and mcreesed
airspace efficiency associated with area navigation and the potential to support lower decision atitude/height
to more runways. Where navigation services such as VOR, DME and ILS aready exist, States could credit
the economic savings associated with the decommissioning of ground-based navigationa aids athough the
costs associated with the transition need to be fully understood and taken into account.

6-20.26  Advantages of GNSS-servi€es include the use-6F-GRPSABAS-provison of navigation
service for en-route-and through non-precision approach operations where the coverage of ground-based
navigation aids does not exist or islimited. In such an environment, GNSSweudtd becomes the only navigation
service as soon asit isintroduced. SBAS-basedprecison-appreach-eapabiity-A pproaches with GNSS-based
vertical guidanceto runways that currently only have anon-precision approachespabiity will provide further
advantages in terms of increased safety and operational efficiency.

MITIGATION OF GNSSVULNERABILITIES

6.27 A number of GNSS vulnerabilities have been identified, in particular the risk of intentional
interference or jamming. Adequate mitigations have been identified, including use of inertia navigation
systems, procedures, and terrestrial aids. Additional mitigations will be available with the provison of new
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GNSSsignasand constellations. States should assessthe vulnerability for their airspace and select mitigations
depending on the nature of the air traffic in the airspace in question and the operations that must be supported.
The appropriate mitigations will ensure safe operationsin the transition to GNSS and enable States to reduce
exiging terrestrial navigation aids, avoid the provision of new terrestrial navigation aids, and discontinue them
in certain regions. To date, no vulnerabilities have been identified that could not be addressed by appropriate
mitigation methods thus confirming the ultimate goa of transition to GNSS as a globa systemfor all phases
of flight.

SYSTEMS TO SUPPORT APPROACH,
LANDING AND DEPARTURE OPERATIONS

6:25.28 The standard non-visud aids for precision approach and landing are defined in Annex 10,
Volume |, Chapter 2. It is intended that the introduction and application of these non-visua aids will be in
accordance with the global strategy set forth in Annex 10, Volume |, Attachment B. Based on all relevant
considerations, tFhis strategy-wiH is to:

a) continue ILS operations to the highest level of service as long as operationally acceptable and
economically beneficial while making every effort to ensure airport access is not denied to ILS
equipment aircraft;

b) implement ML Swhere operationally required and economically beneficial while making every effort
to ensure airport access is not denied to IL S-equipped aircraft;

C) implement GNSS with augmentation as required for APV and Category | operations where
operationaly required and economically beneficid;
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d) promote the development and use of a multi-modal airborne landing capability;

€) promote the use of APV operations, particularly those using GNSS vertical guidance, to enhance
safety and accessibility;

f) identify and resolve operational and technical feasibility issues for GNSS with ground-based
augmentation system (GBAS) to support Category Il and Il operations. Implement GNSS for
Category Il and 111 operations where operationally required and economically beneficia; and

0 enable each region to develop an implementation strategy for these systems in line with the global

strategy.

GENERAL TRANSITION ISSUES

6:3229 Guidelinesfor transition to the future systems encourage equipage by usersfor the earliest

possble accrua of systems benefits. Provision and carriage of terrestria and satellite-based navigation
equipment are required during the trangition period when the reliability and availability of anew system must
be proven. Appendix A to this chapter lists the guidelines that States, regions, users, service providers and
manufacturers should consider when developing GNSS or when planning for its implementation.

APPENDIX A TO CHAPTER 6

GUIDELINESFOR TRANSITION TO NAVIGATION SYSTEMS

GNSS should be introduced in an evolutlonaw manner, W|th |mprovements |n GNSS capablllty
generating increasing benefits-eomm W v A

benefitsshedtd- and culminateingin GNSSseLe—meaa&ep&a&en& supporti ng aII phases of fl|ght As
GNSS evolves, the planning for the removal of ground-based navigation aids should take account of
the issues described below:

The ground infrastructure for current navigation systems must remain available during the transition
period.

States/regions-shedtd can consider segregating traffic according to navigation capability and granting
preferred routes to aircraft with better navigation performance where this can be done without
reducing airspace capacity.

Before any existing ground infrastructure is considered for removal, users shall be given reasonable
trangtion time to alow them to equip with GNSS to attain equivalent navigation service.
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. As GNSS is introduced for enroute operation, States/regions should coordinate to ensure that
harmonized separation standards and procedures are developed and introduced concurrently in all
fllght |nformat|on reglonsalong maJ or trafflc rows to alow for aseamlesstranstlon to GNSSbased

. In planning the transition to GNSS, the following issues must be considered:

a) maintaining or improving the current level of safety;

ab) schedule for provision and/or adoption of a GNSS service, including aircraft and operator
approval processes;

be) extent of existing ground-based radio navigation services,

ed) strategy for transition schedule to GNSS capability (i.e. benefits-driven or mandatory);

de) appropriate level of user equipage with GNSS capahility;

ef) provision of other air traffic services (i.e. surveillance and communications);

f0) dengity of traffic/frequency of operations; and

gh) mitigation of risks associated with radio frequency interference fallures and ionospheric
issues:;

i) design and implementation of procedures; and

)

over-all economics and lead times to introduce aircraft avionics requirements.

Chapter 12
ORGANIZATIONAL AND INTERNATIONAL
COOPERATIVE ASPECTS

Global Navigation
Satellite System (GNSS)

12.11 The GNSSwill initidly be composed of-a satellite systems that provides standard positioning
service and system augmentations, which may-either have wide area or local area coverage. System

augmentation is required for meeting certain performance requirements-erterra-that+ray—be-rpesed.
Positioning signals are being offered free of charge by the two provider States concerned: at least up to the
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year 2010 by the Russian Federation (the GLONASS system) and, for the foreseeable future, with six years
advance notice of any change to that policy, by the United States (the-GPSsystem). Both these systemsare
origindly military systems, which are being made available for civilian use-BrtH Unless these systems are
replaced by (civilian) systems requiring financial commitments from the civil establishment worldwide, the
provision, as opposed to the use, of the standard positioning service does not appear to be dependent on
organizational issues needing to be addressed by States other than the-twe provider States. The GALILEO
core satellite congtellation, being developed by the European Union member States, is intended to be a civil
controlled and operated system designed to fulfil the requirements of avariety of usersincluding civil aviation.
Similar to GPS and GLONASS, GALILEO Open Service will provide a positioning service to aviation free
of direct user charges.

12.12 Systems augmentation gives rise to somewhat different considerations. For examplewide
area SBA Saugmentation could be provided by the same State(s) or entity that operates a core saellite
congelation providing globa standard positioning service. However, a group of States or a regional
organization might also undertake to operate the augmentation satellite service required, either by themselves
or by contracting with acommercial or government organization to do so on their behalf. Thus, the sametype
of options as outlined in 12.8 above apply. In each instance, costs would be incurred that would presumably
need to be recovered. From an organizational point of view, such augmentation would in fact be a
multinationa facility or service to which the guidance materia on the provision and operation of multinational
facilities and services, which is addressed later in this chapter, could apply, as long as the augmentation is
primarily to serve civil aviation. On the other hand, if civil aviation is only going to be a minority user of the
augmentation servicesprovided, and the entity will provideaugmentation servicesworldwide, ajoint concerted
approach through, for example, ICAQO, a regiona air navigation services providers association, or an
international aviation user association, for dealing with the service provider, may be the most appropriate.

12.13 Augmentation with local coverage would most likely not require internationa involvement
provided that the facility meets the specifications and Standards required for it to be listed as an internationa
avil aviation facility. Thefacility itself could be provided by the national or local government or under contract
by acommercia entity.

12.14 To capture the benefits associated with GNSS, the implementation of RNAYV is essential .
This will require a harmonized approach to the implementation of RNP and RNAV.



