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171.051.1. Definitions

ComplianceNote 1.! £ f NBEFSNByOSa (2 awlRA2 wS3dAFdA2ya
by the International Telecommunication Union (ITU). Radio Regulations are amended from time
to time by the decisions embodied in the Final Acts of World RadiocommunicationeGoeder

held normally every two to three years. Further information on the ITU processes as they relate to
aeronautical radio system frequency use is contained inHhAadbook on Radio Frequency
Spectrum Requirements for Civil Aviation including statemerdpgroved ICAO policig®oc

9718).

ComplianceNote 2.NAM-CATSATELSubpart lincludes Standards and Recommended Practices
for certain forms of equipment for air navigation aids. While Breviderwill determine the
necessity for specific installations in accordance with the conditions prescribed in the relevant
Standard or Recommeed Practice, review of the need for specific installation and the
formulation of ICAO opinion and recommendations ptmviders concerned is carried out
periodically by Council, ordinarily on the basis of recommendations of Regional Air Navigation
Meetings (Doc 8144 Directives to Regional Air Navigation Meetings and Rules of Procedure for
their Conduct).

CompliancéNote 3.The terminology used in tidsAM-CATSATELLo refer to instrument approach
operations is based on a previous version of appreachlanding operations. It can be mapped
to the Annex 6 definitionas follows:
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Performance requirements in support of instrument approach operations

Annex 6 method — Approach

Annex 10 system performance .
. operation category

Non-precision approach (NPA) 2D-Type AY

Approach with vertical guidance (APV) 3D-Type A®

Category I, DH equal to or greater than | 3D-Type A®
75 m (250 f1)

Category L. DH equal to or greater than | 3D-Type B — CATI®

Precision approach (PA) 60 m (200 ft) and less than 75 m

(250 ft)
Category 1T 3D-Type B— CATII
Category 11 3D-Type B— CATIII

(1) Without vertical guidance.
(2) With barometric or SBAS vertical guidance.
(3) With ILS, MLS, GBAS or SBAS vertical guidance.

When the following terms are used in this volume, they have the following meanings:

Altitude. The vertical distance of a level, a point or an object considered as a point, measured
from mean sea level (MSL).

Area navigation (RNAVA method of navigation which permits aircraft operation on any desired
flight path within the coverage of groundr spacebased navigation aids or within the limits of
the capability of seftontained aids, or a combination of these.

ComplianceNotet Area navigation includes performanbased navigation as well as other
operations that do not meet the definition of performarzzsed navigation.

Effective acceptance bandwidtihe range of frequencies with respect to the assigned frequency
for which reception is assured when all receiver tolerances have been taken into account.
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Effective adjacent channel rejectiohe rejection that is obtained at the appropriate adjacent
channel frequency when all relevant receiver tolerances have beamtaito account.

Elevation.The vertical distance of a point or a level, on or affixed to the surface of the earth,
measured from mean sea level.

Essential radio navigation servicé radio navigation service whose disruption has a significant
impacton operations in the affected airspace or aerodrome.

Fan marker beaconA type of radio beacon, the emissions of which radiate in a vertical fan
shaped pattern.

Height. The vertical distance of a level, a point or an object considered as a poiasunael from
a specified datum.

Human Factors principle®rinciples which apply to design, certification, training, operations and
maintenance and which seek safe interface between the human and other system components
by proper consideration to humarepformance.

Mean power (of a radio transmitter)The average power supplied to the antenna transmission
line by a transmitter during an interval of time sufficiently long compared with the lowest
frequency encountered in the modulation taken under normal operating conditions.

Compliance NoteA time of 1/10 seconduringwhich the mean power is greatest will be selected
normally.

Navigation specification A set of aircraft and flight crew requirements needed to support
performancebased navigation operations within a defined airspace. There are two kinds of
navigation specifications:

Required navigation performance (RNBpecification A navigation spefication based on area
navigation that includes the requirement for performance monitoring and alerting, designated by
the prefix RNP, e.g. RNP 4, RNP APCH.

Area navigation (RNAV3pecification A navigation specification based on area navigation that
does not include the requirement for performance monitoring and alerting, designated by the

prefix RNAV, e.g. RNAV 5, RNAV 1.
3
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Compliance Noté: The Performancebased Navigation (PBN) Manu@&oc 9613), Volume I,
contains detailed guidance on ngstion specifications.

ComplianceNote 2.¢ KS (G SNY wbt X LINBGA2dzate RSTAYSR |
LISNF2NXI yOS ySOSaalNEB F2NJ 2LISNI GA2Y GAGKAY |
NAM-CATSATEL as the concept of RNP has been overtaken by the concept of PBN. The term RNP
in thiNAM-CATSATELSs now solely used in the context of navigation specifications that require
performance monitoring and alerting, e.g. RNP 4 refers to the aircraft andtopgraquirements,

including a 4 NM lateral performance with-board performance monitoring and alerting that

are detailed in Doc 9613

Performancebased navigation (PBNArea navigation based on performance requirements for
aircraft operating along aATS route, on an instrument approach procedure or in a designated
airspace.

Compliance NoteéPerformance requirements are expressed in navigation specifications (RNAV
specification, RNP specification) in terms of accuracy, integrity, continuilalglity and
functionality needed for the proposed operation in the context of a particular airspace concept.

Pressurealtitude. An atmospheric pressure expressed in terms of altitude which corresponds to
that pressure in the Standard Atmosphere.

Protected service volume part of the facility coverage where the facility provides a particular
service in accordance with relevaB8ARPs and within which the facility is afforded frequency

protection.

Radio navigation serviceA service providing guidance information or position data for the
efficient and safe operation of aircraft supported by one or more radio navigation aids.

Touchdown.The point where the nominal glide path intercepts the runway.

Compliance Note1 ¢ 2 dzOKR2 g6y ¢ | & RSTFAYSR F1020S Aa 2yfe
point at which the aircraft will touch the runway.
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Z marker beaconA type of radio beacon, the emissions of which radiate in a vertical-sbaped
pattern.
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171.051.2. General Provisions For Radio Navigation Aids

171.051.2.1 Standard radio navigation aids
171.0512.1.1 The standard radio navigation aiusstbe:
a) the instrument landing system (ILS) conforming to the Standards contaided.if51.3, 3.1;

b) the global navigation satellite system (GNSS) conforming to the Standards contained in
171.051.3, 3.7;

c) the VHF omnidirectional radio range (VOR) conforming to the Standards contained in
171.051.3, 3.3;

d) the nondirectional radio beacon (NDB) confdng to the Standards contained 1'71.051.3,
3.4;

e) the distance measuring equipment (DME) conforming to the Standards contained in
171.051.3, 3.5; and

f) the enroute VHF marker beacon conforming to the Standards containgédir051.3, 3.6.

ComplanceNote 1.Since visual reference is essential for the final stages of approach and landing,
the installation of a radio navigation aid does not obviate the need for visual aids to approach and
landing in conditions of low visibility.

ComplianceNote 2.1t is intended that introduction and application of radio navigation aids to
support precision approach and landing operations will be in accordance with the strategy shown
in Attachment B. It is intended that rationalization of conventional radigigation aids and
evolution toward supporting performandmsed navigation will be in accordance with the
strategy shown in Attachment H.

CompliancéNote 31 Categories of precision approach and landing operationslassified in
NAM-CATSart 121
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CompliancéNote 4.Information on operational objectives associated with ILS facility performance
categories is given in Attachment C, 2.1 and 2.14.

171.051.2.1.2 Differences in radio navigation aids in any respect from the Standards of Chamist (3
publisted in an Aeronautical Information Publication (AIP).

171.051.2.1.3 Wherever there is installed a radio navigation aid that is neither an ILS, but which may be used in
whole or in part with aircraft equipment designed for use with the ILS, full Idethiparts that
may be so usethustbe published in an Aeronautical Information Publication (AIP).

Compliance NoteThis provision is to establish a requirement for promulgation of relevant
information rather than to authorize such installations.

171.051.2.1.4 GNSS$§pecific provisions

171.0512.1.4.1 Imustbe permissible to terminate a GNSS sateliervice provided by one of its elements
(171.051.3, 3.7.2) on the basis of at least a'gear advance notice by a service provider.

171.051.2.1.4.2 A State that approves GN88sed operationsnay ensure that GNSS data relevant to those
operations are recorded

ComplianceNote 1.These recorded data can support accident and incident investigations. They
may also support periodic analysis to verify the GNSS performance parameters detailed in the
relevant Standards in thSAM-CATSATE..

ComplianceNote 2. Guidance material on the recording of GNSS parameters and on GNSS
performance assessment is contained in Attachment D, 11 and 12.

171.051.2.1.4.3 Recordingsnaybe retained for a period of at least 14 days. When the recordings are pertinent
to accident and incident investigations, theyaybe retained for longer periods until it is evident
that they will no longer be required

171.051.2.1.5 Precision approach radar

171.051.2.1.5.1 A precision approach radar (PAR) system, where installed and operated as a radio navigation
aid together with equipment for twavay communication with aircraft and facilities for the
7
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efficient coordnation of these elements with air traffic contrahust conform to the Standards
contained in171.051.3, 3.2.

CompliancéNote 1 The precision approach radar (PAR) element of the precision approach radar
system may be installed and operated without the surveillance radar element (SRE), when it is
determined that the SRE is not necessary to meet the requirements of air traffiol dontihe
handling of aircraft.

ComplianceNote 2. Although SRE is not considered, in any circumstances, a satisfactory
alternative to the precision approach radar system, the SRE may be installed and operated without
the PAR for the assistance of &iaffic control in handling aircraft intending to use a radio
navigation aid, or for surveillance radar approaches and departures.

171.051.2.1.6 When a radio navigation aid is provided to support precision approach and landimgy ke
supplemented, as necessary, by a source or sources of guidance information which, when used in
conjunction with appropriate procedures, will provide effeetiguidance to, and efficient
coupling (manual or automatic) with, the desired reference path.

Compliance NoteDME, GNSS, NDB, VOR and aircraft navigation systems have been used for such
purposes.

171.051.2.2 Ground and flightesting

171.051.2.2.1 Radio navigation aids of the types covered by the specificatid74 i051.3 and available for
use by aircraft engaged in international air navigatiaust be the subject of periodic ground and
flight tests.

Compiance NoteGuidance on the guodand flight testing of ICAO standard facilities, including
the periodicity of the testing, is contained in Attachment C and iMitneual on Testing of Radio
Navigation Aid¢Doc 8071).

171.051.2.3 Provision of iformation on the operational status of radio navigation services

171.0512.3.1 Aerodrome control towers and units providing approach control semustbe provided with
information on the operational status of radio navigation services essdior approach, landing
and takeoff at the aerodrome(s) with which they are concerned, on a timely basis consistent with
the use of the service(s) involved.
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Compliance NoteGuidance material on the application of this Standard in the case chRgdd
operations supported by GNSS is contained irP#rdormancebased Navigation (PBN) Manual
(Doc 9613).

171.051.2.4 Power supply for radio navigation aids and communicatsystems

171.051.2.4.1 Radio navigation aids and ground elements of communication systems of the types specified in
this NAMCATSATHE. must be provided with suitable power supplies and means to ensure
continuity of service consistent with thesa of the service(s) involved.
e Compliance NoteSuidance material on power supply swiaver is contained in Attachment C,
8.

171.051.2.5 Human Factors considerations

171.051.2.5.Human Factors principlesaybe observed in the design and certification of radio navigation aids
Compliance NoteGuidance material on Human Factors principles can be found ikluhean

Factors Training Manu@Doc 9683and Cicular 249(Human Factors Digest No. 11 Human
Factors in CNS/ATM Systems).

171.051.3. Specifications For Radio Navigation Aids

Compliance NoteSpecifications concerning the siting and construction of equipment and
installations on operational areas aimed at reducing the hazard to aircraft to a minimum are
contained iINAM-CATB-AH, Part 139.

171.051.3.1 Specification for ILS

171.051.3.1.1 Definitions

Angular displacement sensitivityThe ratio of measured DDM to the corresponding angular
displacement from the appropriate reference line.
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Back course sectof.he course sector which is situated on the opposite side of the zecdiom
the runway.

Course lineThe locus of points nearest to the runway centre line in any horizontal plane at which
the DDM is zero.

Course sectorA sector in a horizontal plane containing the course line and limited by the loci of
points nearest to the course line at which the DDM is 0.155.

DDMt Difference in depth of modulationThe percentage modulation depth of the larger signal
minus the pecentage modulation depth of the smaller signal, divided by 100.

Displacement sensitivity (localizer)'he ratio of measured DDM to the corresponding lateral
displacement from the appropriate reference line.

Facility Performance Categorytl ILS.An ILS which provides guidance information from the
coverage limit of the ILS to the point at which the localizer course line intersects the ILS glide path
at a height o80m (100ft) or less above the horizontal plane containing the threshold.

Compliance NoteThe lower limit is set to 30 m (100 ft) below the minimum Category | decision
height (DH).

Facility Performance Category tl ILS.An ILS which provides guidance information from the
coverage limit of the ILS to the point at which the localizer course line intersects the ILS glide path
at a height of 15 m (50 ft) or less above the horizontal plane containing the threshold.

Compliance Notefhe lower limit is set to 15 m (50 ft) below the minimum Category Il decision
height (DH).

Facility Performance Category iil ILSAn ILS which, with the aid of ancillary equipment where
necessary, provides guidance informatfoom the coverage limit of the facility to, and along, the
surface of the runway.

Front course sectoiThe course sector which is situated on the same side of the localizer as the
runway.

10
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Half course sectorThe sector, in a horizontal plane contaig the course line and limited by the
loci of points nearest to the course line at which the DDM is 0.0775.

Half ILS glide path sectorhe sector in the vertical plane containing the ILS glide path and limited
by the loci of points nearest to thdige path at which the DDM is 0.0875.

ILS continuity of servic& hat quality which relates to the rarity of radiated signal interruptions.
The level of continuity of service of the localizer or the glide path is expressed in terms of the
probability ofnot losing the radiated guidance signals.

ILS glide pathThat locus of points in the vertical plane containing the runway centre line at which
the DDM is zero, which, of all such loci, is the closest to the horizontal plane.

ILS glide path anglelhe angle between a straight line which represents the mean of the ILS glide
path and the horizontal.

ILS glide path sectoilhe sector in the vertical plane containing the ILS glide path and limited by
the loci of points nearest to the glide path at which the DDM is 0.175.

Compliance Not&he ILS glide path sector is located in the vertical plane containing the runway
centre line, and is divided by the radiated glide path in two parts called upper sector and lower
sector, referring respectively to the sectors above and below the glide path.

ILS integrity.That quality which relates to the trust which can be placed in the correctness of the
information supplied by the facility. The level of integrity of the localizer or the glide path is

expressed in terms of the probability of not radragifalse guidance signals.

L[ { t 2A point oitheélld glide path measured along the extended runway centre line in
the approach direction a distance of 7.5 km (4 NM) from the threshold.

L[ { t 2Appointorithetlld glide path measuredrajdhe extended runway centre line in
the approach direction a distance of 1 050 m (3 500 ft) from the threshold.

L[ { t 2Apgiitthioudgl which the downward extended straight portion of the nominal ILS
glide path passes at a height of 30 m (1)@bove the horizontal plane containing the threshold.

11
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L[ { t 2 A goint 4an5(£2dt) above the runway centre line and 900 m (3 000 ft) from the
threshold in the direction of the localizer.

L[ { t 2MApgiit4 m @ZfPabove the runway demline and 600 m (2 000 ft) from the stop
end of the runway in the direction of the threshold.

Compliance NoteSee Attachment C, FigurelC

L[ { NBFSNByOS ARbiit drd spédifiedheight logated dbdve the intersection of
the runway centre line and the threshold and through which the downward extended straight
portion of the ILS glide path passes.

Two-frequency glide path systemAn ILS glide path in whiclbwerage is achieved by the use of
two independent radiation field patterns spaced on separate carrier frequencies within the
particular glide path channel.

Two-frequency localizer systenmA localizer system in which coverage is achieved by the use of

two independent radiation field patterns spaced on separate carrier frequencies within the
particular localizer VHF channel.

171.051.3.1.2 Basic requirements
171.0513.1.2.1 The IuBustcomprise the following basic components:
a) VHF loalizer equipment, associated monitor system, remote control and indicator equipment;

b) UHF glide path equipment, associated monitor system, remote control and indicator
equipment;

c) an appropriate means to enable glide path verification checks.

Compliance Not&heProcedures for Air Navigation ServiaesAircraft OperationfPANSOPS)
(Doc 8168) provide guidance on the conduct of glide path verification checks.

171.0513.1.2.1.1 Distance to threshold information to enable glide path verificatchecksmay be provided
by either VHF marker beacons or distance measuring equipment (DME), together with associated

monitor systems and remote control and indicator equipment
12
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171.0513.1.2.1.2 If one or more VHF marker beacons are used to provide distance to threshold information,
the equipmentmust conform to the specifications it71.051.3.1.7. If DME is used in lieu of
marker beacons, the equipmenustconform to thespecifications i171.051.3.1.7.6.5.

Compliance NoteGuidance material relative to the use of DME and/or other standard radio
navigation aids as an alternative to the marker beacon is contained in Attachment C, 2.11.

171.0513.1.21.3  Facility Performance Categories |, Il and IILSmust provide indications at designated
remote control points of the operational status of all ILS ground system components, as follows:

a) for allFaculty Performanc€ategory Il and Category Il ILS, the air traffic services unit involved
in the control of aircraft on the final approachustbe one of the designated remote control
points and must receive information on the operational status of the ILS, with a delay
commensurate with the requirements of the operational environment;

b) for a Faculty Performanc€ategory | ILS, if that ILS provides an essential radio navigation
service, the air trdic services unit involved in the control of aircraft on the final approaakst
be one of the designated remote control points angust receive information on the
operational status of the ILS, with a delay commensurate with the requirementkeof
operational environment.

CompliancéNote The indications required by this Standard are intended as a tool to support air
traffic management functions, and the applicable timeliness requirements are sized accordingly
(consistently withl71.051.2.3.1).

171.0513.1.2.2 The IL8ustbe constructed and adjusted so that, at a specified distance from the threshold,
similar instrumental indications in the aircraft represent similar displacements from the course
line or ILS glide path as apprage, irrespective of the particular ground installation in use.

171.051.3.1.2.3 The localizer and glide path components specifigélirD51.3.1.2.1 a) and b) which form part
of a Facility Performance Categoryt | ILS must comply at least wh the Standards in
171.051.3.1.3 and171.051.3.1.5 respectively, excepting those in which application to Facility
Performance Category1l ILS is prescribed.

171.0513.1.2.4 The localizer and glide path components specifigdlirD51.3.1.2.1 a) and b) which form part
of a Facility Performate Category ft ILSmustcomply with the Standards applicable to these
13
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components in a Facility Performance Categoty ILS, as supplemented or amended by the
Standards in171.051.3.1.3 and171.051.3.1.5 in which application to Facility Performanc
Category It ILS is prescribed.

171.0513.1.25 The localizer and glide path components and other ancillary equipment specified in
171.051.3.1.2.1.3, which form part of a Facility Performance Category IUS mustotherwise
comply with he Standards applicable to these components in Facility Performance Categories |
and llt ILS, except as supplemented by the Standards/ih051.3.1.3 and171.051.3.1.5 in
which application to Facility Performance Category IILS is prescribed.

171.0513.1.2.6 To ensure an adequate level of safety, thenls§ be so designed and maintained that the
probability of operation within the performance requirements specified is of a high value,
consistent with the category of operational perfoamce concerned.

171.051.3.1.2.6.1 For Facility Performance Category Il and Il localizers and glide paths, the level of integrity and
continuity of servicenustbe at least Level 3, as defined in 3.1.3.12.4 (localizer) and 3.1.5.8.4 (glide
path).

Compliance NoteThe specifications for Facility Performance Categories Il and IUS are
intended to achieve the highest degree of system integrity, reliability and stability of operation
under the most adverse environmental conditions to be encoedteGuidance material to
achieve this objective is given in 2.8 of Attachment C.

171.051.3.1.2.7 Atthose locations where two separate ILS facilities serve opposite ends of a singleandway,
operationally harmful interference would be presenthbth facilities were transmittingan
interlockmustensure that only the localizer serving the approach direction innusstradiate.

CompliannceNote 1.While a low height overflight of a transmitting localizer may generate
interference within airborne ILS receivers, this interference may only be considered as
operationally harmful when it occurs in specific conditions, e.g. without visual cues of wag/run

or when the autopilot is engaged. Additional guidance material is contained in 2.1.8 and 2.13 of
Attachment C.

ComplianceNote 2.Interference may also be caused by transmissions from other localizers not
serving the opposite end of the same runviiag. crossing, parallel or adjacent runways). In such

cases, use of interlock to prevent the interference can also be considered.
14
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Compliane Note 3 . An interlock can be provided through hardware, software or an equivalent
procedural means.

171.051.3.1.2.71 Atlocations where ILS facilities serving opposite ends of the same runway or different runways
at the same airport use the same paired frequencies, an intenogkt ensure that only one
facility must radiate at a time. When switching from erLS facility to another, radiation from
both mustbe suppressed for not less than 20 seconds.

Compliance NoteAdditional guidance material on the operation of localizers on the same
frequency channel is contain®BAM-CATSATEL, Subpart 110565.

174.04.1.3.1.2.8 At those locations where an ILS facility and a GBAS facility serve opposite approach directions to
the same runway, when the approach direction in use is not the direction served by the ILS, the
localizermust not radiate when GBA®W visibility operations that require GAST D are being
conducted, except where it can be demonstrated that the localizer signal supports compliance
with the requirements in Appendix B, 3.6.8.2.2.5 and 3.6.8.2.2.6 defining the desired to undesired
signal rdios and the maximum adjacent channel power tolerable by the GBAS VDB receiver.

Compliance Notdf the localizer is radiating there is a possibility of interference to the GBAS VDB
signals in the region where the aircraft overflies the localizer. A means to ensure that the localizer
does not radiate can be provided through either hardware or sofirerlock or a procedural
mitigation. Additional guidance material is contained in Attachment C, 2.1.8.1 and Attachment
D, 7.2.3.3.

171.051.3.1.3 VHF localizer and associated monitor

Introduction. The specifications in this section cover ILS libess providing either positive
guidance information over 360 degrees of azimuth, or providing such guidance only within a
specified portion of the front coverage (s¢€1.051.3.1.3.7.4). Where ILS localizers providing
positive guidance information in lamited sector are installed, information from some suitably
located navigation aid, together with appropriate procedures, will generally be required to ensure
that any misleading guidance information outside the sector is not operationally significant.

171.051.3.1.3.1 General

15
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171.0513.1.3.1.1 The radiation from the localizer antenna systerstproduce a composite field pattern which
is amplitude modulated by a 90 Hz and a 150 Hz tone. The radiation field patbstproduce
a murse sector with one tone predominating on one side of the course and with the other tone
predominating on the opposite side.

171.0513.1.3.1.2 When an observer faces the localizer from the approach end of a runway, the depth of
modulation of the radio frequency carrier due to the 150 Hz tomgst predominate on the
20aSNPSNNRA NAIKG KI YR mustpRERRIVA YRS 2% GKS @
hand.

171.051.3.1.3.1.3 All horizontal angles employed in specifying the localizer field patteisi®riginate from
the centre of the localizer antenna system which provides the signals used in the front course
sector.

171.051.3.1.3.2 Radio frequency

171.0513.1.3.2.1 The localizenust operate in the band 108 MHz to 111.975 MHz. Wharsingle radio
frequency carrier is used, the frequency toleramoast not exceed plus or minus 0.005 per
cent. Where two radio frequency carriers are used, the frequency tolerancgtnot exceed
0.002 per cent and the nominal band occupied ty tarrieranustbe symmetrical about the
assigned frequency. With all tolerances applied, the frequency separation between the
carriersmustnot be less than 5 kHz nor more than 14 kHz.

171.0513.1.3.2.2 The emission from the localireust be horizontally polarized. The vertically polarized
component of the radiation on the course lineustnot exceed that which corresponds to a
DDM error of 0.016 when an aircraft is positioned on the course line and is in a roll attitude
of 20degrees from the horizontal.

171.0513.1.3.2.2.1 For Facility Performance Category Il localizers, the vertically polarized component of the
radiation on the course linenust not exceed that which corresponds to a DDM error of
0.008 when an airaft is positioned on the course line and is in a roll attitude of 20 degrees
from the horizontal.

171.0513.1.3.2.2.2 For Facility Performance Category lll localizers, the vertically polarized component of the
radiation within a sector bounded by.@2 DDM either side of the course limeust not
exceed that which corresponds to a DDM error of 0.005 when an aircraft is in a roll attitude
of 20 degrees from the horizontal.
16
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171.051.3.1.3.2.3 For Facility Performance Category lll localizers, signals emanating from the trarmumsitter
contain no components which result in an apparent course line fluctuation of more than 0.005
DDM peak to peak in the frequency band 0.01 HzZOid1z.

171.051.3.1.3.3 Coverage

Compliance NoteGuidance material on localizer coverage is given in Attachment C, 2.1.10 and
Figures A, G7B, GBA and G8B.

171.0513.1.3.3.1 The localizewustprovide signals sufficient to allow satisfactory operation of a typical aircraft
installation within the localizer and glide path coverage sectors. The localizer coverage sector
mustextend from the centre of the localizer antenna system to distainées

a) 46.3 km (25 NM) within plus or minus 10 degrees from the front course line;
b) 31.5 km (17 NM) between 10 degrees and 35 degrees from the front course line;

c) 18.5km (10 NM) outside of plus or minus 35 degrees from the front course line if
coverage is provided;

except that, where topographical features dictate or operational requirements permit, the limits
may be reduced down to 33.3 km (18 NM) within the plus or minudelfyee sector and 18.5 km
(10 NM) within the remainder of the cov@ge when alternative navigational means provide
satisfactory coverage within the intermediate approach area. The localizer signesbe
receivable at the distances specified at and above a height of 600 m (2 000 ft) above the elevation
of the threshold, or 300 m (1 000 ft) above the elevation of the highest point within the
intermediate and final approach areas, whichever is the higbgcept that, where needed to
protect ILS performance and if operational requirements permit, the lower limit of coverage at
angles beyond 15 degrees from the front course tmgstbe raised linearly from its height at 15
degrees to as high as 1 360(4 500 ft) above the elevation of the threshold at 35 degrees from
the front course line. Such signafmist be receivable, to the distances specified, up to a surface
extending outward from the localizer antenna and inclined at 7 degrees aboveotigontal.

Compliane Note: Where intervening obstacles penetrate the lower surface, it is intended that
guidance need not be provided at less than-biisight heights .

17
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171.051.3.1.3.3.2

In all parts of the coverage volume specifidd in051.3.1.3.3.1, other than as specified in

171.0513.1.3.3.2.1171.051.3.1.3.3.2.2 and 71.051.3.1.3.3.2.3, the field strengtimustbe not
less than 40 microvolts per metre (minus4ldBW/nf).

ComplianceNote: This minimum field strength is required to permit satisfactory operational
usage of ILS localizer facilities.

171.0513.1.3.3.2.1

171.0513.1.3.3.2.2

171.0513.1.3.3.2.3

For Facility Performance Category | localizers, the minimum field strength on the ILS glide
path and within the locatier course sector from a distance of 18.5 km (10 NM) to a height
of 30 m (100ft) above the horizontal plane containing the thresholdstbe not less than
90 microvolts per metre (minus 107 dBWAn

For Facility Performar@ategory Il localizers, the minimum field strength on the ILS glide
path and within the localizer course sectoustbe not less than 100 microvolts per metre
(minus 106 dBW/rf) at a distance of 18.5 km (10 NM) increasing to not less than 200
microvdts per metre (minus 100 dBWAhat a height of 15 m (50 ft) above the horizontal
plane containing the threshold.

For Facility Performance Category lll localizers, the minimum field strength on the ILS glide
path and within thedcalizer course sectanustbe not less than 100 microvolts per metre
(minus 106 dBW/rf) at a distance of 18.5 km (10 NM), increasing to not less than 200
microvolts per metre (minus 100 dBWfinat 6 m (20 ft) above the horizontal plane
containing thethreshold. From this point to a further point 4 m (12 ft) above the runway
centre line, and 300 m (1 000 ft) from the threshold in the direction of the localizer, and
thereafter at a height of 4 m (12 ft) along the length of the runway in the directidheof
localizer, the field strengtimust be not less than 100 microvolts per metre (minus 106
dBW/n).

ComplianceNote:The field strengths given 71.051.3.1.3.3.2.2 andl71.051.3.1.3.3.2.3 are
necessary to provide the sigralnoise ratio required for improved integrity.

171.051.3.1.3.3.3 Above 7 degrees, the sighataybe reduced to as low a value asacticable.

Compliance Note 1. The requirements in 171.051.3.1.3.3.1, 171.051.3.1.3.3.2.1,
171.051.3.1.3.3.2.2 andl71.051.3.1.3.3.2.3 are based on the assumption that the aircraft is
heading directly toward the facility.

18
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CompliancéNote 2.Guidance material on significant airborne receiver parameters is given in
2.2.2 of Attachment C.

171.0513.1.3.3.4 When coverage is achieved by a localizer using two radio frequency carriers, one carrier
providing a radiation field pattern in thednt course sector and the other providing a
radiation field pattern outside that sector, the ratio of the two carrier signal strengths in space
within the front course sector to the coverage limits specified at 3.1.3181%t not be less
than 10 dB.

Compliance NoteGuidance material on localizers achieving coverage with two radio frequency
carriers is given in the Note 171.051.3.1.3.11.2 and in 2.7 of Attachment C.

171.051.3.1.3.3.5 For Facility Performance Category lll localizers, the ratio of the two carrier signal strengths in
space within the front course sectmiay not be less than 16 dB.

171.051.3.1.3.4 Course structure

171.0513.1.3.4.1 For Facility Performance Category | localizers, bends in the coursenlisenot have
amplitudes which exceed the following:

Amplitude (DDM)
Zone (95% probability)

Outer limit of coverage to

ILS Point “A” 0.031
ILS Point “A” to 0.031 at ILS Point “A”
ILS Point “B” decreasing at a linear rate to

0.015 at ILS Point “B”

ILS Point “B” to
ILS Pomt “C” 0.015

171.051.3.1.3.4.2 For Facility Performance Categories Il and Il localizers, bends in the conrgstio¢ have
amplitudes which exceed the following:
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Amplitude (DDM)
Zone (95% probabiliryv)

Outer limit of coverage to

ILS Point “A”~ 0.031
ILS Point “A” to 0.031 at ILS Point “A™
ILS Point “B” decreasing at a linear rate to

0.015 at ILS Point “B”

IL.S Point “B” to the
ILS reference datum 0.005

and, for Category III only:

ILS reference datum to

ILS Point “D” 0.005
ILS Point “D” to 0.005 at ILS Point “D”
IS Point “E” increasing at a linear rate to

0.010 at ILS Point “E”

X Iy RFagilgyR&rfomanc€ategory Il only

ComplianceNote 1.The amplitudes referred to in 3.1.3.4.1 and 3.1.3.4.2 are the DDMs due to
bends as realized on the mean course line, when correctly adjusted.

CompliancéNote 2.Guidance material relevant to the localizer course structure is given in 2.1.3,
2.1.5, 2.16 and 2.1.9 of Attachment C.

171.051.3.1.3.5 Carrier modulation

171.0513.1.3.5.1 The nominal depth of modulation of the radio frequency carrier due to each of the 90 Hz and
150 Hz tonesnustbe 20 per cent along the course line.

171.0513.1.3.5.2 The depth of modulation of the radio frequency carrier due ¢b eathe 90 Hz and 150 Hz
tonesmustbe within the limits of 18 and 22 per cent.
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171.0513.1.3.5.3 The following tolerancesistbe applied to the frequencies of the modulating tones:
a) the modulating tonesnustbe 90 Hz and 150 Hz within plus or minus 2.5 per cent;

b) the modulating tonesnustbe 90 Hz and 150 Hz within plus or minus 1.5 per cent for Facility
Performance
Category |l installations;

c) the modulating tonesnust be 90 Hz and 150 Hz withplus or minus 1 per cent for Facility
Performance
Category lll installations;

d) the total harmonic content of the 90 Hz tomeust not exceed 10 per cent; additionally, for
Facility Performance Category Il localizers, the second harmonic of the 90 Hnusheot
exceed 5 per cent;

e) the total harmonic content of the 150 Hz toneustnot exceed 10 per cent.

171.0513.1.3.5.3.1 For Facility Performance Category IILS, the modulating toneray be 90 Hz and 150 Hz
within plus or minus 1.5 per cent where practicable

171.0513.1.3.5.3.2 For Facility Performance Category lll localizers, the depth of amplitude modulation of the
radio frequency carrier at the power supply frequency or its harmonics, or by other
unwanted componentsmust not exceed 0.5 per cent. Harmoniockthe supply, or other
unwanted noise components that may intermodulate with the 90 Hz and 150 Hz navigation
tones or their harmonics to produce fluctuations in the course limast not exceed 0.05
per cent modulation depth of the radio frequencyriar.

171.0513.1.3.5.3.3 The modulation tonesust be phaseocked so that within the half course sector, the
demodulated 90 Hz and 150 Hz wave forms pass through zero in the same direction within:

a) for Facility Performance Categories | and Il localizers: 20 degrees; and
b) for Facility Performance Category lll localizers: 10 degrees,

of phase relative to the 150 Hz component, every half cycle of the combined 90 Hz and 150 Hz

wave form.
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Compliarce Note 1.The definition of phase relationship in this manner is not intended to imply a
requirement to measure the phase within the half course sector.

CompliancéNote 2.Guidance material relative to such measurement is given at Figéref C
Attachment C.

171.051.3.1.3.5.3.4 With twdrequency localizer system$71.051.3.1.3.5.3.3must apply to each carrier. In
addition, the 90 Hz modulating tone of one carriaust be phasdocked to the 90 Hz
modulating tone of the other carrier so thaheé demodulated wave forms pass through
zero in the same direction within:

a) for Facility Performanc€ategories | and Il localizers: 20 degrees; and
b) for Facility Performanc€ategory Il localizers: 10 degrees,

of phase relative to 90 Hz. Similarly, the 150 Hz tones of the two camigsthe phasedocked so
that the demodulated wave forms pass through zero in the same direction within:

1) for Facility PerformanceCategories | and Il localizers: 20 degrees; and

2) for Facility Performanc€ategory Il localizers: 10 degrees,
of phase relative to 150 Hz.

171.0513.1.3.5.3.5 Alternative twirequency localizer systems that employ audio phasing different from the
normal inphase conditions described #v1.051.3.1.3.5.3.4must be permitted. In this
alternative system, the 90 Hz to 90 Hz phasing and theHi5® 150 Hz phasimgustbe
adjusted to their nominal values to within limits equivalent to those stated in 3.1.3.5.3.4.

Compliance NoteThis is to ensure correct airborne receiver operation in the region away from the
course line where the two carrier signal strengths are approximately equal.

171.051.171.051.3.1.3.5.3.6 The sum of the modulation depths of the @fliequency carrier due to the 90 Hz

and 150 Hz tonemay not exceed 60 per cent or be less than 30 per cent within the required
coverage.
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171.051.3.1.3.5.3.6.1 For equipment first installed after 1 January 2000, the sum of the modulatidrs dé¢pt
the radio frequency carrier due to the 90 Hz and 150 Hz tomest not exceed 60 per cent or be
less than 30 per cent within the required coverage.

ComplianceNote 1.If the sum of the modulation depths is greater than 60 per cent for Facility
Performance Category | localizers, the nominal displacement sensitivity may be adjusted as
provided for inl71.051.3.1.3.7.1 to achieve the above modulation limit.

ComplianceNote 2.For twoafrequency systems, the standard for maximum sum of modulation
depths does not apply at or near azimuths where the course and clearance carrier signal levels are
equal in amplitude (i.e. at azimuths where both transmitting systems havégrafisant
contribution to the total modulation depth).

ComplianceNote 3. The standard for minimum sum of modulation depths is based on the
malfunctioning alarm level being set as high as 30 per cent as stated in 2.3.3 of Attachment C.

171.051.3.1.3.5.3.7 When utilizing a localizer for radiotelephone communications, the sum of the modulation
depths of the radio frequency carrier due to the 90 Hz and 150 Hz tonssnot exceed 65 per
cent within 10 degrees of the course line amaist not exceed 78 per cent at any other point

around the localizer.

171.051.3.1.3.5.4 Undesired frequency and phase modulation on ILS localizer radio frequency carriers that can
affect the displayed DDM values in localizer receivengbe minimized to the extent practical.

Compliance Not&elevant guidance material is given in 2.15 of Attachment C.

171.051.3.1.3.6 Course alignment accuracy

171.0513.1.3.6.1 The mean course limeust be adjusted and maintained within limits equivalent to the
following displacements from theinway centre line at the ILS reference datum:

a) for Facility Performance Category | localizers: plus or minus 10.5 m (35 ft), or the linear
equivalent of 0.015 DDM, whichever is less;

b) for Facility Performance Category Il localizers: plus or minus 125 ft);

c) for Facility Performance Category lll localizers: plus or minus 3 m (10 ft).
23
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171.0513.1.3.6.2 For Facility Performance Category Il localizers, the mean courgadinee adjusted and
maintained within limits equivalent to plus or minus 4.5 m (15 ft) displacement from runway centre
line at the ILS reference datum.

ComplianceNote 1.1t isintended that Facility Performance Categories Il and Il installations be
adjusted and maintained so that the limits specified 1..051.3.1.3.6.1 andl71.051.3.1.3.6.2

are reached on very rare occasions. It is further intended that design and opesftiw total ILS
ground system be of sufficient integrity to accomplish this aim.

ComplianceéNote 2.1t is intended that newacility Performanc€ategory |l installations are to
meet the requirements df71.051.3.1.3.6.2.

ComplianceNote 3.Guidance material on measurement of localizer course alignment is given in
2.1.3 of Attachment C. Guidance material on protecting localizer course aligisngéren in 2.1.9
of Attachment C.

171.051.3.1.3.7 Displacement sensitivity

171.0513.1.3.7.1 The nominal displacement sensitivity within the half course sacitbe the equivalent of
0.00145 DDM/m (0.00044 DDM/ft) at the ILS reference datum except thatF&amility
PerformanceCategory | localizers, where the specified hominal displacement sensitivity cannot
be met, the displacement sensitivityustbe adjused as near as possible to that value. For Facility
Performance Category | localizers on runway codes 1 and 2, the nominal displacement sensitivity
musto6 S | OKASGSR |G GKS L[{ t2AYy{ mdstnéteéxceeks&k Y I E;
degrees.

Compliance NoteRunway codes 1 and 2 are definetNbkiM-CATSAH,Part 139

171.0513.1.3.7.2 The lateral displacement sensitinitystbe adjusted and maintained within the limits of
plus or minus:

a) 17 per cent of the nominal value for Facility Performance Categories | and II;

b) 10 per cent of the nominal value for Facility Performance Category lIl.
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171.0513.1.3.7.3 For Facility Performance Category IIILS, displacement sensitivityay be adjusted and
maintained within the limits of plus or minus 10 per cent where practicable.

Compliance Note 1. The figures given in171.0513.1.3.7.1, 171.0513.1.3.7.2 and
171.051.3.1.3.7.3 are based upon a nominal sector width of 210 m (700 ft) at the appropriate
LRAYGZ AdPSo L[{ t2AYy0d a.¢ 2y Nizyslke O2RSa wm

CompliancéNote 2.Guidance material on the alignment and displacement sensitivity of localizers
using two radio frequency carriers is given in 2.7 of Attachment C.

CompliancéNote 3.Guidance material on measurement of localizer displacement satysisi
given in 2.9 of Attachment C.

171.0513.1.3.7.4 The increase of DDMIstbe substantially linear with respect to angular displacement from
the front course line (where DDM is zero) up to an angle on either side of the front course line
where the DDM is 0.180. From that angle to plus or minus 10 degrees, theni2idivhot be less
than 0.180. From plus or minus 10 degrees to plus or minus 35 degrees, thenDfIkbt be less
than 0.155. Where coverage is required outside of the plus or minus 35 degrees sector, the DDM
in the area of the coverage, except in the back cewsctor mustnot be less than 0.155.

ComplianceNote 1.The linearity of change of DDM with respect to angular displacement is
particularly important in the neighbourhood of the course line.

ComplianceNote 2.The above DDM in the 13b degee sector is to be considered a minimum
requirement for the use of ILS as a landing aid. Wherever practicable, a higher DDM, e.g. 0.180, is
advantageous to assist high speed aircraft to execute large angle intercepts at operationally
desirable distanceprovided that limits on modulation percentage givenlifl.051.3.1.3.5.3.6

are met.

ComplianceéNote 3.Wherever practicable, the localizer capture level of automatic flight control
systems is to be set at or below 0.175 DDM in order to prevent faldez&yaaptures.

171.051.3.1.3.8 Voice

171.0513.1.3.8.1 Facility Performance Categories | and Il localizers may provide atgraimnmdiotelephone
communication channel to be operated simultaneously with the navigation and identification
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signals, provided that such operatianust not interfere in any way with the basic localizer
function.

171.051.3.1.3.8.2 Facility PerformanceCategory lll localizeraust not provide such a channel, except where
extreme care has been taken in the design and operation of the facility to ertzatréhiere is no
possibility of interference with the navigational guidance.

171.051.3.1.3.8.3 If the channel is providedpmitistconform with the following Standards:

171.0513.1.3.8.3.1 The chanmalustbe on the same radio frequey carrier or carriers as used for the localizer
function, and the radiatiormust be horizontally polarized. Where two carriers are modulated
with speech, the relative phases of the modulations on the two carnerstbe such as to avoid
the occurrence of nulls within the coverage of the localizer.

171.0513.1.3.8.3.2 The peak modulation depth of the carrier or carriers due to the radiotelephone
communicationsnustnot exceed 50 per cent buhustbe adjusted so that:

a) the ratio of peak modulation depth due to the radiotelephone communications to that due to
the identification signal is approximately 9:1;

b) the sum of modulation components due to use of the radiotelephone channel, navigation
signals and identification signatsust not exceed 95 per cent.

171.051.3.1.3.8.3.3 The audio frequency characteristics of the radiotelephone chamsebe flat to within 3
dB relative to the level at 1 000 Hz over the range 300 Hz to 3 000 Hz.

171.051.3.1.3.9 Identification

171.0513.1.3.9.1  The localizenust provide for the simultaneous transmission of an identification signal,
specific to the runway and approach direction, on the same radio frequency carrier or carriers as
used for the localizer function. The transmission of the identification siguat not interfere in
any way with the basic localizer function.

171.0513.1.3.9.2 The identification sigmalistbe produced by Class A2A modulation of the radio frequency
carrier or carriers using a modulation tone of 1 020 Hz within plus orsrBOuHz. The depth of
modulationmustbe between the limits of 5 and 15 per cent except that, where a radiotelephone
communication channel is provided, the depth of modulatioust be adjusted so that the ratio
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of peak modulation depth due to rémtelephone communications to that due to the identification
signal modulation is approximately:9 (seel171.051.3.1.3.8.3.2). The emissions carrying the
identification signalmust be horizontally polarized. Where two carriers are modulated with
identification signals, the relative phase of the modulationsist be such as to avoid the
occurrence of nulls within the coverage of the localizer.

171.0513.1.3.9.3 The identification sigmaustemploy the International Morse Code and sist of two or
GKNBS tSGiSNA® LG YIé 0SS LINBOSRSR o6& (KS Lyi¢
by a short pause where it is necessary to distinguish the ILS facility from other navigational

facilities in the immediate area.

171.051.3.1.3.9.4 The identification sigmalistbe transmitted by dots and dashes at a speed corresponding to
approximately seven words per minute, amiistbe repeated at approximately equal intervals,
not less than six times per minute, at all @ during which the localizer is available for
operational use. When the transmissions of the localizer are not available for operational use, as,
for example, after removal of navigation components, or during maintenance or test
transmissions, the idenitfation signamustbe suppressed. The datsusthave a duration of 0.1
second to 0.160 second. The dash duratmonst be typically three times the duration of a dot.
The interval between dots and/or dashesust be equal to that of on@lot plus or minus 10 per
cent. The interval between letteraustnot be less than the duration of three dots.

171.051.3.1.3.10 Siting

Compliance NoteGuidance material relevant to siting localizer antennas in the runway and
taxiway environment is given in 2.1.9 of Attachment C.

171.0513.1.3.10.1 For Facility Performance Categories Il and lll, the localizer antennaraystdra located
on the extension on the centre line of the runway at the stop end, and the equipmerst be
adjusted so that the course lines will be in a vertical plane containing the centre line of the runway
served. The antenna height and locatiorust be consstent with safe obstruction clearance
practices.

171.0513.1.3.10.2  For Facility Performance Category I, the localizer antenna systeirbe located and

adjusted as i171.051.3.1.3.10.1, unless site constraints dictate that the antennaffsebfrom
the centre line of the runway.
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171.051.3.1.3.10.2.1 The offset localizer systemstbe located and adjusted in accordance with the offset ILS
provisions of theProcedures for Air Navigation ServicesAircraft OperationgPANSOPS)Doc
8168), Volume I, and the localizer standardast be referenced to the associated fictitious
threshold point.

171.051.3.1.3.11 Monitoring

171.0513.1.3.11.1 The automatic monitor systenust provide a warning to the designated
control points and cause one of the following to occur, within the period specified in
171.051.3.1.3.11.3.1, if any of the conditions statedlifn1.051.3.1.3.11.2 persist:

a) radiation to cease; and
b) removal of the navigation and identification components from the carrier.
171.051.3.1.3.11.2 The conditions requiring initiation of monitor actiwnst be the following:

a) for Facility Performance Category | localizers, a shift of the meansedine from the runway
centre line equivalent to more than 10.5 m (35 ft), or the linear equivalent to 0.015 DDM,
whichever is less, at the ILS reference datum;

b) for Facility Performance Category Il localizers, a shift of the mean course line froumtinay
centre line equivalent to more than 7.5 m (25 ft) at the ILS reference datum;

c) for Facility Performance Category lll localizers, a shift of the mean course line from the runway
centre line equivalent to more than 6 m (20 ft) at the ILS referermaterd;

d) in the case of localizers in which the basic functions are provided by the use of a single
frequency system, a reduction of power output to a level such that any of the requirements of
171.051.3.1.3.3,171.051.3.1.3.4 0r171.051.3.1.3.5 are ndonger satisfied, or to a level that
is less than 50 per cent of the normal level (whichever occurs first);

e) in the case of localizers in which the basic functions are provided by the use ofl@tency
system, a reduction of power output for eithearrier to less than 80 per cent of normal, except
that a greater reduction to between 80 per cent and 50 per cent of normal may be permitted,
provided the localizer continues to meet the requirements @71.051.3.1.3.3,
171.051.3.1.3.4 and 3.1.3.5;
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Complianc&Compliance Note: It is important to recognize that a frequency change resulting

in a loss of the frequendjifference specified ih71.051.3.1.3.2.1 may produce a hazardous
condition. This problem is of greater operational significafme Facility Performance
Categories Il and lll installations. As necessary, this problem can be dealt with through special
monitoring provisions or highly rable circuitry.

f) change of displacement sensitivity to a value differing by more than 17 per cent from the
nominal value for the localizer facility.

Compliance Notén selecting the power reduction figure to be employed in monitoring referred
to in 171.051.3.1.3.11.2 e), particular attention is directed to vertical and horizontal lobe
structure (vertical lobing due to different antenna heights) of the combinedtradiaystems

when two carriers are employed. Large changes in the power ratio between carriers may result
in low clearance areas and false courses in theaffse areas to the limits of the vertical
coverage requirements specifiedlinl.051.3.1.3.3.1.

171.0513.1.3.11.2.1 In the case of localizers in which the basic functions are provided by the use of a two
frequency system, the conditions requiring initiation of monitor aatiayinclude the case when
the DDM in the requed coverage beyond plus or minus 10 degrees from the front course line,
except in the back course sector, decreases below 0.155.

171.0513.1.3.11.3 The total period of radiation, including period(s) of zero radiation, outside the performance
limits specified in a), b), ), d), e) and f)13f1.051.3.1.3.11.2must be as short as practicable,
consistent with the need for avoiding grruptions of the navigation service provided by the

localizer.

171.0513.1.3.11.3.1 The total period referred to undét1.051.3.1.3.11.3must not exceed under any
circumstances:

10 secondgor Facility PerformanceCategory | localizers;

5 seconds foFacility PerformanceCategory Il localizers;

2 seconddor Facility Performanc€ategory Il localizers.
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ComplianceNote 1.The total time periods specified are neteibe-exceeded limits and are
intende to protect aircraft in the final stages of approach against prolonged or repeated periods
of localizer guidance outside the monitor limits. For this reason, they include not only the initial
period of outside tolerance operation but also the total of anwll periods of outside tolerance
radiation including period(s) of zero radiation and time required to remove the navigation and
identification components from the carrier, which might occur during action to restore service, for
example, in the coursef @onsecutive monitor functioning and consequent changeover(s) to
localizer equipment or elements thereof.

ComplianceéNote 2.From an operational point of view, the intention is that no guidance outside
the monitor limits be radiated after the time periods given, and that no further attempts be made
to restore service until a period in the order of 20 seconds has elapsed.

171.051.3.1.3.11.3.2 Where practicable, the total period under1.051.3.1.3.11.3.Jmay be reduced so as not
to exceed two seconds feacility Performanc€ategory Il localizers and one secondHacility
PerformanceCategory Il localizers.

171.051.3.1.3.11.4 Design and operation of the monitor systeustbe consistent with the requirement that
navigation guidance and identification will mmoved and a warning provided at the designated
remote control points in the event of failure of the monitor system itself.

Compliance NoteGuidance material on the design and operation of monitor systems is given in
Attachment C, 2.1.7.

171051.3.1.3.12 Integrity and continuity of servidevels andrequirements

171.051.3.1.3.12.1 A localizermust be assigned a level of integrity and continuity of service as given in
171.051.3.1.3.12.2t0171.051.3.1.3.12.5.

Compliance Notd:evels are used to provide the necessary information for the determination of
the category of operation and assat@d minima, which are a function of the Facility Performance
Category, the (separate) integrity and continuity of service level, and a number of operational
factors (e.g. aircraft and crew qualification, meteorological conditions, and runway features). If
localizer does not meet its required integrity and continuity of service level, some operational use
may still be possible, as stated in thianual of AHWeather OperationgDoc 9365), Appendix C
on ILS facility classification ardbwngrading. Similarly, if a localizer exceeds the minimum
integrity and continuity of service level, more demanding operations may be possible.
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174.04.1.3.1.3.12.2 The localizer lenrlistbe Level 1 if either:

1) the |l ocalizerdéds integrity of service or its co

2)the |l ocalizerb6s integrity of service and its c
of them does not meet the requirements of L2ve

171.0513.1.3.12.21 The probability of not radiating false guidance sigmads/not be less than &, 1.0 x 16’
in any one landing fotevel llocalizers.

171.051.3.1.3.122.2 The probability of not losing the radiated guidance signay exceed X 4 x 106%in any
period of 15 seconds faevel localizers (equivalent to 1 000 hours mean time between outages).

Compliance Note:A localizer that meets both Recommended Practices 3.1.3.12.2.1 and
3.1.3.12.2.2 also meets Standard 3.1.3.12.3 (Level 2 performance) and is therefore to be identified
as Level 2.

171.051.3.1.3.12.8 In the event that the integrity vak for a Level 1 localizer is not available or cannot be
readily calculated, a detailed analysitay be performed to assure proper monitor faafe
operation.

“~ the probability of not radiating false guidance signals is not less thdnOlx 107in any one
landing; and

" the probability of not losing the radiated guidance is greater thah>10sin any period of
15 seconds (equivalent to 1 000 hours mean time between outages).

174.04.13.1.3.12.4 The localizer levalustbe Level3 if:
" the probability of not radiating false guidance signals is not less th&b51x 10sin any one
landing; and

" the probability of not losing the radiated guidance is greater thidh»x10sin any period of
15 seconds (equivalent to 2 000 hours mean time between outages).
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174.04.13.1.3.12.5 The localizer leveiustbe Level 4 if:

" the probability of not radiating false guidance signals is not less th&nb5lx 109in any one
landing; and

“ the probability of not losing the radiated guidance is greater thiah 3 106in any period of
30 seconds (equivalent to 4 000 hours mean time between outages).

Compliance NoteGuidance material oways to achievdntegrity and continuity of service is
given in Attachment C, 2.8.

171.051.3.1.4 Interference immunity performance for ILS localizer receiving systems

171.0513.1.4.1 The ILS localizer receiving systamt provide adegate immunity to interference from two

signal, thirdorder intermodulation products caused by VHF FM broadcast signals having levels in
accordance with the following:

2N+ N+ 724D
for VHF FM sound broadcasting signals in the range 10i08.0 MHz

and
Af
2N, + N, + 3 (24 - 2010gﬁ) <0

for VHF FM sound broadcasting signals below 107.7 MHz,

where the frequencies of the two VHF FM sound broadcasting signals produce, within the
receiver, a twesignal, thid-order intermodulation product on the desired ILS localizer frequency.

N; andN; are the levels (dBm) of the two VHF FM sound broadcasting signals at the ILS localizer
receiver input. Neither levehustexceed the desensitization criteria setttoin 171.051.3.1.4.2.

n¥ T ¢l weted is the frequency of N the VHF FM sound broadcasting signal closer to
108.1 MHz.
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171.051.3.1.4.2 The ILS localizer receiving systerstnot be desensitized in the presence of VHF FM broadcast
signals having levels in accordance with the following table:

CompliancéNote 1.The relationship is linear between adjacent points designated by the above
frequencies.

CompliancéNote 2.Guidance material on immunity criteria to be used for the performance quoted
in171.051.3.1.4.1 andl71.051.3.1.4.2 is contained in Attachme@t 2.2.2.

171.051.3.1.5 UHF glide path equipment and associated monitor

Compliance Note: is used in this paragraph to denote the nominal glide path angle.

171.051.3.1.5.1 General

171.0513.1.5.1.1 The radiation from the UHF glide path antenna systestproduce a composite field pattern
which is amplitude modulated by a 90 Hz and a 150 Hz tone. The patigshbe arranged to
provide a straight line descent path in the vealiplane containing the centre line of the runway,
with the 150 Hz tone predominating below the path and the 90 Hz tone predominating above the
LI GK G2 a tSrad +ty Fy3atsS Sldz2t G2 modtp ‘@
171.0513.1.5.1.2 The ILS glide path angteay be 3 degrees. ILS glide path angles in excess of 3 degages
not be used except where alternative means of satisfying obstruction clearance requirements are

impracticable

171.051.3.1.5.1.2.1 The glide path angheistbe adjusted and maintained within:

aandentp ¢ FNRBY ° F2NJ Cl OAftAliPglide fath&F 2 NI y OS /| {
byndnn ° FNRBY * TF2NJ Cl GAlESAgidé pathS NF 2 NXY I yOS /I GS

CompliancéNote 1.Guidance material on adjustment and maintenance of glide path angles is
given n 2.4 of Attachment C.
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CompliancéNote 2.Guidance material on ILS glide path curvature, alignment and siting, relevant
to the selection of the height of the ILS reference datum is given in 2.4 of Attachment C and Figure
Gb.

CompliancéNote 3.Guidance material relevant to protecting the glile path course structure is
given in 2.1.9 of Attachment C.

171.0513.1.5.1.3 The downward extended straight portion of the ILS gliderpa#t pass through the ILS
reference datum at a height ensuring safe guidance over obstructions and also safe and efficient
use of the runway served.

171.0513.1.5.1.4 The height of the ILS reference datum for Facility Performance Categories il dinghhist
be 15 m (50 ft). A tolerance of plus 3 m (10 ft) is permitted.

171.051.3.1.5.1.5 The height of the ILS reference datum for Facility Performance Catagdhfimaybe 15 m
(50 ft). A tolerance of plus 3 m (10 ft) is permitted.

CompliancéNote 1.In arriving at the above height values for the ILS reference datum, a maximum
vertical distance of 5.8 m (19 ft) between the path of the aircraft glide path antenna and the path
of the lowest part of the wheels at the threshold was assumed. For aircraft exceeding this criterion,
appropriate steps may have to be taken either to maim&iequate clearance at threshold or to
adjust the permitted operating minima.

CompliancéNote 2.Appropriate guidance material is given in 2.4 of Attachment C.

171.051.3.1.5.1.6 The height of the ILS reference datum for Facility Performance Catagébyslused on short
precision approach runway codes 1 anch&y be 12 m (40 ft). A tolerance of plus 6 m (20 ft) is
permitted.

171.051.3.1.5.2 Radio frequency

171.051.3.1.5.2.1 The glide path equipmentstoperate in the band 328.6 MHz to 335.4 MHz. Where a single
radio frequency carrier is used, the frequency toleranugst not exceed 0.005 per cent. Where
two carrier glide path systems are usélde frequency tolerancenustnot exceed 0.002 per cent
and the nominal band occupied by the carrigraist be symmetrical about the assigned
frequency. With all tolerances applied, the frequency separation between the camigssnot
be less than 4 kHz nor more than 32 kHz.
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171.051.3.1.5.2.2 The emission from the glide path equipmemist be horizontally polarized.

171.0513.1.5.2.3 For Facility Performance Category ILS glide path equipment, signals emanating from the

transmittermustcontain no components which result in apparent glide path fluctuations of more
than 0.02 DM peak to peak in the frequency band 0.01 Hz to 10 Hz.

171.051.3.1.5.3 Coverage

171.0513.1.5.3.1 The glide path equipmentistprovide signals sufficient to allow satisfactory operation of a

typical aircraft installation in sectors 8fdegrees in azimuth on each side of the centre line of the

L[{ 3tARS LIGKXZ G2 | RA&AGIYOS 2F G tSrad wmy
GKS K2NAT 2yiGFE 2N G2 &dzOK 2SN I y3aftSs R2éy
glide path intercept procedure.

171.051.3.1.5.3.2 In order to provide the coverage for glide path performance specifietlif51.3.1.5.3.1,

the minimum field strength within this coverage sectoustbe 400 microvolts per metre (minus

95 dBW/n¥). For Facility Performance Category | glide paths, this field stremgshbe provided

down to a height of 30 m (100 ft) above the horizontal plane containing the threshold. For Facility
Performance Categories Il and Il glide paths, this field gthenustbe provided down to a height

of 15 m (50 ft) above the horizontal plane containing the threshold.

ComplianceNote 1.The requirements in the foregoing paragraphs are based on the assumption
that the aircraft is heading directly toward the facility.

CompliancéNote 2.Guidance material on significant airborne receiver parameters is given in 2.2
of Attachment C.

CompliancéNote 3.Material concerning reduction in coverage outside 8 degrees on each side of
the centre line of the ILS glide path appears in 2.4 of Attachment C.

171.051.3.1.5.4 ILS glide path structure

171.0513.1.5.4.1 For Facility Penflkance Categoryd ILS glide paths, bends in the glide patbstnot have

amplitudes which exceed the following:
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Amplitude (DDM)

Zone (95% probabiliry)

Outer limit of coverage to

ILS Point “C” 0.035

171.0513.1.5.4.2 For Facility Performance Categories Il andIUE glide paths, bends in the glide pathst

not haveamplitudes which exceed the following:

Amplitude (DDM)

Zone (95% probability)
Outer limit of coverage to
ILS Point “A” 0.035

ILS Point “A” to
ILS Point “B”

ILS Point “B” to the

ILS reference datum 0.023

0.035 at ILS Point “A”
decreasing at a linear rate to
0.023 at ILS Point “B”

ComplianceNote 1.The amplitudes referred to 171.051.3.1.5.4.1 andl71.051.3.1.5.4.2 are
the DDMdlue to bends as realized on the mean ILS glide path correctly adjusted.

CompliancéNote 2.In regions of the approach where ILS glide path curvature is significant, bend
amplitudes are calculated from the mean curved path, and not the downward extestideght

line.

ComplianceéNote 3.Guidance material relevant to the ILS glide path course structure is given in
2.1.4 of Attachment C. Guidance material relevant to protecting the ILS glide path course structure

is given in 2.1.9 of Attachment C.

171.051.3.1.5.5 Carrier modulation
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171.0513.1.5.5.1 The nominal depth of modulation of the radio frequency carrier due to each of the 90 Hz and
150 Hz tonesnust be 40 per cent along the ILS glide path. The depth of modulatiost not
deviate outside the limits of 37.5 per cent to.82er cent.

171.0513.1.5.5.2 The following tolerancesistbe applied to the frequencies of the modulating tones:

a) the modulating tonesnustbe 90 Hz and 150 Hz within 2.5 per cent for Facility Performance
Category t ILS;

b) the moduating tonesmustbe 90 Hz and 150 Hz within 1.5 per cent for Facility Performance
Category It ILS;

c) the modulating tonesnust be 90 Hz and 150 Hz within 1 per cent for Facility Performance
Category It ILS;

d) the total harmonic content ofhe 90 Hz tonanust not exceed 10 per cent: additionally, for
Facility Performance Category Il equipment, the second harmonic of the 90 Hntmheot
exceed 5 per cent;

e) the total harmonic content of the 150 Hz toneustnot exceed 10 per cent.

171.051.3.1.5.5.2.1 For Facility Performance Categony ILS, the modulating tonesay be 90 Hz and 150 Hz
within plus or minus 1.5 per cent where practicable.

171.0513.1.5.5.2.2 For Facility Performance Category Il glide path equipment, the depth of amplitude
modulation of the radio frequency carrier at the power supply frequesrdyarmonics, or at other

noise frequenciesnustnot exceed 1 per cent.

171.0513.1.5.5.3 The modulatiomust be phasdocked so that within the ILS half glide path sector, the
demodulated 90 Hz and 150 Hz wave forms pass through z#éne same direction within:

a) for Facility Performance Categories | and lILS glide paths: 20 degrees;
b) for Facility Performance CategorytlllILS glide paths: 10 degrees,

of phase relative to the 150 Hz component, every half cycle of the combined 90 Hz and 150 Hz

wave form.
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CompliancéNote 1.The definition of phase relationship in this manner is not intended to imply a
requirement for measurement of phase within th8 half glide path sector.

CompliancéNote 2Guidance material relating to such measures is given at Fig@refC
Attachment C.

171.0513.1.5.5.3.1 With twdrequency glide path system$71.051.3.1.5.5.3must apply to each carrier. In
addition, the 90 Hz modulating tone of one carneustbe phasdocked to the 90 Hz modulating
tone of the other carrier so that the demodulated wave forms pass through zero in the same
direction within:
a) for Facility Performanc€ategories | and tl ILS glide paths: 20 degrees;

b) for Facility Performanc€ategonili T ILS glide paths: 10 degrees,

of phase relative to 90 Hz. Similarly, the 150 Hz tones of the two camigsthe phasedocked so
that the demodulated wave forms pass through zero in the same direction, within:

1) for Facility PerformanceCategories and It ILS glide paths: 2fegrees;
2) for Facility PerformanceCategonfll T ILS glide paths: 10 degrees,
of phase relative to 150 Hz.

171.0513.1.5.5.3.2 Alternative twirequency glide path systems that employ audio phasing different from the
normal inphase conditio described in171.051.3.1.5.5.3.1must be permitted. In these
alternative systems, the 90 Hz to 90 Hz phasing and the 150 Hz to 150 Hz phasting adjusted

to their nominal values to within limits equivalent to those stated #1.051.3.15.5.3.1.

Compliance Notefhis is to ensure correct airborne receiver operation within the glide path sector
where the two carrier signal strengths are approximately equal.

171.051.3.1.5.5.4 Undesired frequency and phase modulation on ILS glide path radio frequency carriers that can
affect the displayed DDM values in glide path receinergbe minimized to the extent practical.

Compliance NoteRelevant guidance material is given in 2.15 of Attachment C.
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171.051.3.1.5.6 Displacement sensitivity

171.0513.1.5.6.1  For Facility Performance Categary ILS glide paths, the nominal angular displacement
sensitivitymust correspondto a DDM of 0.0875 at angular displacements above and below the
3t ARS LI GK 6SG6SSy nont ° YR ndmn ‘o

Compliance Notefhe above is not intended to preclude glide path systems which inherently have
asymmetrical upper and lower sectors.

171.051.3.1.5.6.2 For Facility Performance Category IILS glide paths, the nominal angular displacement
sensitivitymay correspond to a DDM of 0.0875 at an angular displacement below the glide path
of 0.12° with a tolerance of plus or minus 0.02 The upper and lower sectonsay be as
symmetrical as practicable within the limits specified71.051.3.1.5.6.1.

171.0513.1.5.6.3 For Facility Performance Category ILS glide paths, the angular displacement sensitivity
must be as symmetrical as practicable. The nominal angular displacement sensitivity
correspond to a DDM of 0.0875 at an angu&placement of:

)012°08t2¢6 LI GK gAGK F (G2t SNIyOS 27F L} dza 2NJ Y.
ppndmMH ‘ 0288 LI GK 6AGK | G2t SN} yOS 2F L)X dza

171.0513.1.5.6.4 For Facility Performance Category IILS glide paths, the nominal angular displacement
sensitivitymust correspond to a DDM of 0.0875 at angular displacements above and below the
3t ARS LI GK 2F nomu ° ¢g®nK F ®02f SN yOS 27F LI dz

171.0513.1.5.6.5 The DDM below the ILS glide patistincrease smoothly for decreasing angle until a value
of 0.22 DDM is reached. Thisvamesto S | OKAS@SR + 4G Fy Fy3tsS y2i
horizontal. However, ifiti  OKAS@GSR 4 Fy | y3f Snustriogb@Bssn dn p
GKFYy nown G tSrad R2¢y G2 nonp ° 2N G2 adzOK
the promulgated glide path intercept procedure.

Compliance Notefhe limis of glide path equipment adjustment are pictorially represented in
Figure €11 of Attachment C.
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171.0513.1.5.6.6 For Facility Performance CategaryILS glide paths, the angular displacement sensitivity

mustbe adjusted and maintained withiplus or minus 25 per cent of the nominal value selected.

171.0513.1.5.6.7 For Facility Performance Category ILS glide paths, the angular displacement sensitivity

mustbe adjusted and maintained within plus or minus 20 per cent of the nominal value selected.

171.0513.1.5.6.8 For Facility Performance Categony lILS glide paths, the angular displacement sensitivity

mustbe adjusted and maintained within plus or minus 15 per cent of the nominal value selected.

171.051.3.1.5.7 Monitoring

171.0513.1.5.7.1 The automatic monitor systenustprovide a warning to the designated control points and

cause radiation to cease within the periods specifietih.051.3.1.5.7.3.1 if any of the following
conditions persist:

a) shit ofthe mean ILSgld LJ G K | y3fS SljdzA @It Syid G2 Y2NB
FTNRY T

b) in the case of ILS glide paths in which the basic functions are provided by the use of-a single
frequency system, a reduction of power output to less than 50 per cent of normalided
the glide path continues to meet the requirements 471.0513.1.5.3, 3.1.54 and
171.051.3.1.5.5;

c) in the case of ILS glide paths in which the basic functions are provided by the use- of two
frequency systems, a reduction of power output fother carrier to less than 80 per cent of
normal, except that a greater reduction to between 80 per cent and 50 per cent of normal may
be permitted, provided the glide path continues to meet the requirements7df.051.3.1.5.3,
171.051.3.1.5.4 andl71.051.3.1.5.5;

Compliance Notdt is important to recognize that a frequency change resulting in a loss of the
frequency difference specified 71.051.3.1.5.2.1 may produce a hazardous condition. This
problem is of greater operational significanfm Facility Performancé&€ategoried! and |l
installations. As necessary, this problem can be dealt with through special monitoring
provisions or highly reliable circuitry.
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d) for Facility Performance Category IILS glide paths, a change of the angle between the glide
path and the line below the glide path (150 Hz predominating) at which a DDM of 0.0875 is
realized by more than the greater of:

) LJX dza 2NJ YAYydza ndnoTtp ‘T 2NJ

i) an angle equivalent to a change of displacement sensitivity to a value differing by 25 per cent
from the nominal value;

e) for Facility Performance Categories Il andrllILS glide paths, a change of displacement
sensitivity to a value differing by morkan 25 per cent from the nominal value;

f) lowering of the line beneath the ILS glide path at which a DDM of 0.0875 is realized to less than
neétntp ¢ FNRBY K2NRT 2y dGF€T

g) a reduction of DDM to less than 0.175 within the specified coverage below the glide pa
sector.

CompliancéNote 1.The value of 0.7475from horizontal is intended to ensure adequate obstacle
clearance. This value was derived from other parameters of the glide path and monitor
specification. Since the measuring accuracy to four gigniffigures is not intended, the value of
0.75° may be used as a monitor limit for this purpose. Guidance on obstacle clearance criteria is
given in theProcedures for Air Navigation Servigedircraft Operations (PANSPS){Doc 8168).

ComplianceNate 2. Subparagraphs f) and g) are not intended to establish a requirement for a
separate monitor to protect against deviation of the lower limits of the-badftor below 0.7475
‘ from horizontal.

ComplianceNote 3. At glide path facilities where the selected nominal angular displacement
sensitivity corresponds to an angle below the ILS glide path which is close to or at the maximum
limits specified i171.051.3.1.5.6, it may be necessary to adjust the monitor ofegalimits to

protect against sector deviations below 0.7478om horizontal.

CompliancéNote 4.Guidance material relating to the condition described in g) appears in
Attachment C, 2.4.11.
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171.051.3.1.5.7.2 Monitoring of the ILS glide path characteristics to smaller toleramasge arranged in those
cases where operational penalties would otherwise exist.

171.0513.1.5.7.3 The total period of radiation, including period(s) of zero radiation, outside the performance
limits specified ir71.051.3.1.5.7.d7mustbe as sha as practicable, consistent with the need for
avoiding interruptions of the navigation service provided by the ILS glide path.

171.0513.1.5.7.3.1 The total period referred to undatl.051.3.1.5.7.3mustnot exceed under any
circumstances:

6 seconddor Facility Performanc€ategoryl T ILS glide paths;
2 seconddor Facility Performanc€ategoriesl and llit ILS glide paths.

ComplianceNote 1.The total time periods specified are neteibe-exceeded limits and are
intended to protect aircraft in the final stages of approach against prolonged or repeated periods
of ILS glide path guidance outside the monitor limits. For this reason, theyeim@uanly the

initial period of outside tolerance operation but also the total of any or all periods of outside
tolerance radiation, including periods of zero radiation, which might occur during action to restore
service, for example, in the course of serutive monitor functioning and consequent
changeovers to glide path equipments or elements thereof.

ComplianceNote 2.From an operational point of view, the intention is that no guidance outside
the monitor limits be radiated after the time periogisen, and that no further attempts be made
to restore service until a period in the order of 20 seconds has elapsed.

171.0513.1.5.7.3.2 Where practicable, the total period specified undétl.051.3.1.5.7.3.1 forFacility
PerformanceCategories Il and il ILS glide pathsyaynot exceed 1 second.

171.0513.1.5.7.4 Design and operation of the monitor systanstbe consistent with the requirement that
radiationmustcease and a warningustbe provided at the designated remote control points in

the event of failure of the monitor system itself.

Compliance NoteGuidance material on the design and operation of monitor systems is given in
2.1.7 of Attachment C.
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171.051.3.1.5.8 Integrity and continuity aservicelevels andrequirements

171.0513.1.5.8.1 A glide pathmust be assigned a level of integrity and continuity of service as given in
174.04.13.1.5.8.2 t0171.051.3.1.5.8.5.

Compliance Notd:evels are used to provide the necessary information for the determination of
the category of operation and associated minima, which are a function of the Facility Performance
Category, the (separate) integrity and continuity of service level, and a munhloperational
factors (e.g. aircraft and crew qualification, meteorological conditions, and runway features). If a
glide path does not meet its required integrity and continuity of service level, some operational
use may still be possible, as statedhieManual of AHWeather OperationgDoc 9365), Appendix

C on ILS facility classification and downgrading. Similarly, if a glide path exceeds the minimum
integrity and continuity of service level, more demanding operations may be possible.

171.051.3.1.58.2 The glide path levehustbe Level 1 if either

1) the glide pathodés integrity of service or it
or

HO GKS 3JftARS LI GKQa AyuSaNrdGe 2F aSNBuGS I+ yR
least one of them does not meet the requirements of Level 2.

171.051.3.1.5.8.21 The probability of not radiating false guidance sigmadsynot be less than & 1.0 x 16’ in
any one landing foktevel lglide paths.

171.051.3.1.5.82.2 The probability of not losing the radiated guidance signaly exceed 1¢ 4 x 10° in any
period of 15 seconds fdcevel 1glide paths (equivalent to 1 000 hours mean time between
outages).

Compliance Noté glide path that meets both Recommended Practices 3.1.5.8.2.1 and 3.1.5.8.2.2
also meets Standard 3.1.5.8.3 (Level 2 performance) and is therefore to be identified as Level 2.

171.051.3.1.58.2.3 In the event that the integntvalue for a Level 1 glide path is not available or cannot

be readily calculated, a detailed analysiaybe performed to assure proper monitor fail
safe operation.
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171.051.3.1.5.83 The glide path levehustbe Level 2 if:

" the probability of not radiating false guidance signals is not less thdnOlx 107in any one
landing; and

the probability of not losing the radiated guidance is greated X 1Qsin any period of 15
seconds (equivalent to 1 000 hours mixae between outages).

171.051.3..1.5.8.4  The glide path levehustbe Level 3 or 4 if:

" the probability of not radiating false guidance signals is not less th@b5lx 10sin any one
landing; and

" the probability of not losing theadiated guidance is greater than 2 x 10sin any period of
15 seconds (equivalent to 2 000 hours mean time between outages).

ComplianceNote 1.The requirements for glide path Level 3 and Level 4 are the same. The
declaration of the glide path inggity and continuity of service levetsay match the declaration
of the localizer (i.e. the glide path is declared as Level 4 if the localizer is meeting Level 4).

CompliancéNote 2. Guidance material oways to achieventegrity and continuity of service is
given in 2.8 of Attachment C.

171.051.3.1.6 Localizer and glide path frequency pairing
171.0513.1.61 The pairing of the runway localizer and glide path transmitter frequencies of an instrument

landingsystemmustbe taken from the following list in accordance with the provisionslaiv-
CATSATEL, Subpart 171.05.€hapter 4, 4.2:
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Localizer Glide path Localizer Glide path
(MHz) (MH:z) (MHz) (MH:=)
108.1 3347 110.1 3344
108.15 334.55 110.15 33425
108.3 334.1 1103 335.0
108.35 333.95 110.35 334.85
108.5 3299 110.5 329.6
108.55 329.75 110.55 329.45
108.7 330.5 110.7 3302
108.75 330.35 110.75 330.03
108.9 3293 110.9 3308
108.95 329.15 110.95 330.65
109.1 3314 111.1 3317
109.15 331.25 111.15 331.55
109.3 332.0 1113 3323
109.35 331.85 111.35 332.15
109.5 332.6 1115 3329
109.55 33245 111.55 33275
109.7 3332 111.7 3335
109.75 333.05 111.75 33335
109.9 3338 111.9 331.1
109.95 333.65 111.95 330.95

171.0513.1.6.1.1 In those regions where the requirements for runway localizer and glide path transmitter
frequencies of an instrument landing system do not justify more than 20 pairs, nthesy be
selected sequentially, as required, from the following lis

110.3 335.0
109.9 333.8
109.5 332.6
110.1 334.4
109.7 333.2
109.3 332.0
109.1 331.4
110.9 330.8
110.7 330.2
110.5 329.6
108.1 334.7
108.3 334.1
108.5 329.9

© 00 NO O WDN P

el ol
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14 108.7 330.5
15 108.9 329.3
16 111.1 331.7
17 111.3 332.3
18 111.5 332.9
19 111.7 333.5
20 1119 331.1

171.0513.1.6.2  Where existing ILS localizers meeting national requirements are operating on frequencies
ending in even tenths of a megahertz, theyst be reassigned frequencies, conforming with
171.051.3.1.6.1 0r171.051.3.1.6.1.1 as soon as practicable and may continue operating on their
present assignments only until this reassignment can be effected.

171.051.3.1.6.3 Existing ILS localizers in the international service operating on frequencies ending in odd tenths
of a megahertmustnot be assigned new frequencies ending in odd tenths plus one twentieth of
a megahertz except where, by regional agreement, genesal may be made of any of the
channels listed i171.051.3.1.6.1 (see&NAM-CATS_ATEL, Subpart 171.08kapter 4, 4.2).

171.051.3.1.7 VHF marker beacons

Compliance NoteRequirements relating to marker beacons apply only when one or more marker
beacons are installed.

171.051.3.1.7.1 General

a) Theremust be two marker beacons in each installation except where, in the opinion of the
Competent Authority, a singlmarker beacon is considered to be sufficient. A third marker
beacon may be added whenever, in the opinion of the Competent Authority, an additional
beacon is required because of operational procedures at a particular site.

b) A marker beacomust conform to the requirements prescribed ¥¥1.051.3.1.7. When the
installation comprises only two marker beacons, the requirements applicable to the middle
marker and to the outer markenustbe complied with. When the insitation comprises only
one marker beacon, the requirements applicable to either the middle or the outer markst
be complied with. If marker beacons are replaced by DME, the requirements of
171.051.3.1.7.6.5mustapply.
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c) The marker beaconmmustproduce radiation patterns to indicate predetermined distance from
the threshold along the ILS glide path.

171.0513.1.7.1.1 When a marker beacon is used in conjunction with the back course of a locatieet, it
conform with the marker beacon characteristics specified7d.051.3.1.7.

171.0513.1.7.1.2 Identification signals of marker beacons used in conjunction with the back course of a localizer
mustbe clearly distinguishable from the inner, middled outer marker beacon identifications,
as prescribed i171.051.3.1.7.5.1.

171.051.3.1.7.2 Radio frequency

171.0513.1.7.2.1 The marker beacomaist operate at 75 MHz with a frequency tolerance of plus or minus
0.005 per cent andhust utilize horizontal polarization.

171.051.3.1.7.3 Coverage

171.0513.1.7.3.1 The marker beacon systemstbe adjusted to provide coverage over the following distances,
measured on the ILS glide path and localizer course line:

a) inner marker150 m plus or minus 50 m (500 ft plus or minus 160 ft);
b) middle marker300 m plus or minus 100 m (1 000 ft plusmnus 325 ft);
c) outer marker600 m plus or minus 200 m (2 000 ft plus or minus 650 ft).

171.051.3.1.7.3.2 The field strength at the limits of coverage specifiedir051.3.1.7.3.Imustbe 1.5 millivolts
per metre (minus 82 dBW/A. In addition, the field strength within the coverage areastrise
to at least 3.0 millivolts per metre (minus 76 dBW)m

CompliancéNote 1.In the design of the ground antenna, it is advisablentsuee that an adequate
rate of change of field strength is provided at the edges of coverage. It is also advisable to ensure
that aircraft within the localizer course sector will receive visual indication.

ComplianceNote 2. Satisfactory operation of a@ypical airborne marker installation will be
obtained if the sensitivity is so adjusted that visual indication will be obtained when the field
strength is 1.5 millivolts per metre (minus 82 dBW/m
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171.051.3.1.7.4 Modulation

171.0513.1.7.4.1 The modulation frequencimsistbe as follows:
a) inner marker3 000 Hz;
b) middle marker1 300 Hz;
c) outer marker400 Hz.

The frequency tolerance of the above frequenaiesgst be plus or minus 2.5 per cent, and the
total harmonic content of each of the frequenciesistnot exceed 15 per cent.

171.0513.1.7.4.2 The depth of modulation of the markergstbe 95 per cent plus or minus 4 per cent.

171.051.3.1.7.5 Identification

171.0513.1.7.5.1 The carrier energwstnot be interrupted. The audio frequency modulatiotustbe keyed
as follows:

a) inner marker6 dots per second comtuously;

b) middle markera continuous series of alternate dots and dashes, the dashes keyed at the rate
of 2 dashes per second, and the dots at the rate of 6 dots per second,;

c) outer marker:2 dashes per second continuously.

These keying ratawust be maintained to within plus or minus 15 per cent.

171.051.3.1.7.6 Siting

171.0513.1.7.6.1 The inner markerustbe located so as to indicate in low visibility conditions the imminence
of arrival at the runway threshold.
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171.0513.1.7.6.1.1 If the radiation pattern is vertical, the inner markeay be located between 75 m (250 ft)
and 450 m (1 500 ft) from the threshold and at not more than 30 m (100 ft) from the extended
centre line of the runway.

ComplianceNote 1.1t is intended that the inner marker pattemay intercept the downward
extended straight portion of the nominal ILS glide path at the lowest decision height applicable in
Category |l operations.

ComplianceNote 2.Care must be exercised in siting the inner marker to avoid interference
between the inner and middle markeBetails regarding the siting of inner markers are contained
in Attachment C, 2.10.

171.051.3.1.7.6.1.2 If the radiation pattern is other than vertical, the equipmeraybe located so as to produce
a field within the course sector and ILS glide path sector that is substantially similar to that
produced by an antenna radiating a vertical pattern and located as prescribed in
171.051.3.1.7.6.1.1.

171.0513.1.7.6.2 Té middle markermust be located so as to indicate the imminence, in low visibility
conditions, of visual approach guidance.

171.051.3.1.7.6.2.1 If the radiation pattern is vertical, the middle markeaybe located 1 050 m (3 500 ft) plus
or minus 150 m (500 ft), from the landing threshold at the approach end of the runway and at not
more than 75 m (250 ft) from the extended centre linehefiunway.

Compliance NoteSee Attachment C, 2.10, regarding the siting of inner and middle marker
beacons.

171.051.3.1.7.6.2.2 If the radiation pattern is other than vertical, the equipmerdybe located so as to produce
a field within the course sector and ILS glide path sector that is substantially similar to that
produced by an antenna radiating a vertical pattern and located as prescribed in 3.1.7.6.2.1.

171.051.3.1.7.6.3 The outerankermustbe located so as to provide height, distance and equipment functioning
checks to aircraft on intermediate and final approach.

171.051.3.1.7.6.3.1 The outer markemaybe located 7.2 km (3.9 NM) from the threkhexcept that, where for
topographical or operational reasons this distance is not practicable, the outer marker may be
located between 6.5 and 11.1 km (3.5 and 6 NM) from the threshold.
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171.051.3.1.7.64 If the radiation pattern is vertical, the outer mark®eay be not more than 75 m (250 ft) from
the extended centre line of the runway. If the radiation pattern is other than vertical, the
equipmentmay be located so as to produce a field withie course sector and ILS glide path
sector that is substantially similar to that produced by an antenna radiating a vertical pattern
171.0513.1.7.6.5 The positions of marker beacons, or where applicable, the equivalent distance(s) indicated by
the DME when used as an alternative to part or all of the marker beacon component of the ILS,
mustbe published in accordance with the provision®N&M-CATSAIS, Partl75.

171.0513.1.7.6.5.1 When so used, the DMEstprovide distance information operationally equivalent to that
furnished by marker beacon(s).

171.0513.1.7.6.5.2 When used as an alternative for the middle marker, therBldEbe frequency pairegvith
the ILS localizer and sited so as to minimize the error in distance information.

171.0513.1.7.6.5.3 The DME171.051.3.1.7.6.5mustconform to the specification i©71.051.3.5.

171.051.3.1.7.7 Monitoring

171.0513.1.7.7.1  Suitable equipmemiust provide signals for the operation of an automatic monitor. The
monitor musttransmit a warning to a control point if either of the following conditions arise:

a) failure of the modulation or keying;
b) reduction of power output to less than 50 per cent of normal.

171.051.3.1.7.7.2 For each marker beacon, suitable monitoring equipnmeay be provided which will indicate
at the appropriate location a decrease of the modulation depth below 50 per cent.

171.051.3.2 Specification for precision approach radar system

Compliance Not&lant distances are used throughout this specification.
171.0513.2.1 The precision approach radar systeastcomprise the following elements:
171.0513.2.1.1 The precision approach radar element (PAR).
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171.051.3.2.1.2 The surdEnce radar element (SRE).

171.0513.2.2 When the PAR only is used, the installatrust be identified by the term PAR or precision
F LILINEF OK NI RFNJIFYR y20G o6& GKS GSNY aLINBOAAAZ

Compliance NoteProvisions for the recording and retention of radar data are containBlA-
CATSATS, Part 172.

171.051.3.2.3 The precision approach radar element (PAR)
171.051.3.2.3.1 Coverage

171.0513.2.3.1.1 The PARust be capable of detecting and indicating the position of an aircraft of 35 m
echoing area or larger, which is within a space bounded by-@eg6ee azimuth sector and a 7
degree elevation sector, to a distance of at least 16.7 km (9 NM) from its respaotamna.

Compliance Notd=or guidance in determining the significance of the echoing areas of aircraft,
the following table is included:

a)private flyer (singleengined):5 to 10 nf;

b) small twinengined aircraftfrom 15 nt;
c) medium twinengined aircraftfrom 25 n¥;
d) four-engined aircraftfrom 50 to 100 M.

171.051.3.2.3.2 Siting

171.0513.2.3.2.1 The PARustbe sited and adjusted so that it gives completeerage of a sector with its
apex at a point 150 m (500 ft) from the touchdown in the direction of the stop end of the runway
and extending plus or minus 5 degrees about the runway centre line in azimuth and from minus
1 degree to plus 6 degrees in eleati

ComplianceNote 1.Paragraphl71.051.3.2.3.2.1 can be met by siting the equipment with a set

back fromthe touchdown, in the direction of the stop end of the runway, of 915 m (3 000 ft) or

more, for an offset of 120 m (400 ft) from the runway centre line, or of 1 200 m (4 000 ft) or more,
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for an offset of 185 m (600 ft) when the equipment is aligned to ptas or minus 10 degrees
about the centre line of the runway. Alternatively, if the equipment is aligned to scan 15 degrees
to one side and 5 degrees to the other side of the centre line of the runway, then the minimum set
back can be reduced to 685 m220 ft) and 915 m (3 000 ft) for offsets of 120 m (400 ft) and 185

m (600 ft) respectively.

ComplianceéNote 2.Diagrams illustrating the siting of PAR are given in Attachment C (Figures C
14 to G17 inclusive).

171.051.3.2.3.3 Accuracy

171.6.1.3.2.3.3.1 Azimuth accuracyAzimuth informationmust be displayed in such a manner that lefyht
deviation from the orcourse linanustbe easily observable. The maximum permissible error with
respect to the deviation from the eoourseline mustbe either 0.6 per cent of the distance from
the PAR antenna plus 10 per cent of the deviation from theaurse line or 9 m (30 ft), whichever
is greater. The equipmemiustbe so sited that the error at the touchdownustnot exeed 9 m
(30 ft). The equipmennustbe so aligned and adjusted that the displayed error at the touchdown
mustbe a minimum andnust not exceed 0.3 per cent of the distance from the PAR antenna or
4.5 m (15 ft), whichever is greater.rtust be possible to resolve the positions of two aircraft
which are at 1.2 degrees in azimuth of one another.

171.051.3.2.3.3.2 Elevation acuracy Elevation informatiormustbe displayed in such a manner that-dpwn
deviation from the descent path for which the equipment is seist be easily observable. The
maximum permissible error with respect to the deviation from thecomirse linemustbe 0.4 per
cent of the distance from the PAR antenna plus 10 per cent of the actual linear displacement from
the chosen descent path or 6 m (20 ft), whichever is greater. The equipmesibe so sited that
the error at the touchdowrmmustnot exceed 6 m (20 ft). The equipmenustbe so aligned and
adjusted that the displayed error at the touchdowrstbe a minimum andnustnot exceed 0.2
per cent of the distance from the PAR antenna or 3 m (10 ft), whicheveeasegr Itmust be
possible to resolve the positions of two aircraft that are at 0.6 degree in elevation of one another.

171.051.3.2.3.3.3 Distance accuracylhe error in indication of the distance from the touchdowmst not
exceed 30 m (@O ft) plus 3 per cent of the distance from the touchdowmniist be possible to
resolve the positions of two aircraft which are at 120 m (400 ft) of one another on the same
azimuth.
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171.051.3.2.3.4 Informatiomust be made available togymit the position of the controlled aircraft to be
established with respect to other aircraft and obstructions. Indicatiomgst also permit
appreciation of ground speed and rate of departure from or approach to the desired flight path.

171.0513.2.3.5 Informatiomustbe completely renewed at least once every second.

171.051.3.2.4 The surveillance radar element (SRE)

171.0513.2.4.1 A surveillance radar used as the SRE of a precision approach radansystteatisfy at least
the following broad performance requirements.

171.051.3.2.4.2 Coverage

171.051.3.2.4.2.1 The SRiustbe capable of detectipaircraft of 15 rhechoing area and larger, which are in
line of sight of the antenna within a volume described as follows:

The rotation through 360 degrees about the antenna of a vertical plane surface bounded by a line

at an angle of 1.5 degrees almthe horizontal plane of the antenna, extending from the antenna
to 37 km (20 NM); by a vertical line at 37 km (20 NM) from the intersection with thdeyfee
line up to 2 400 m (8 000 ft) above the level of the antenna; by a horizontal line at 2 @009

ft) from 37 km (20 NM) back towards the antenna to the intersection with a line from the antenna
at 20 degrees above the horizontal plane of the antenna, and by-degfee line from the
intersection with the 2 400 m (8 000 ft) line to the antenna.

171.051.3.2.4.2.2 Effortsmaybe made in development to increase the coverage on an aircraft of &6hming
area to at least the volume obtained by amendit©@l1.051.3.2.4.2.1 with the following
substitutions:
a) for 1.5 degreesread0.5 degree
b) for 37 km (20 NM)read46.3 km (25 NM)

c) for2 400 m (8 000 ff)read3 000 m (10 00O ft)

d) for 20 degreesread30 degrees
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Compliance NoteA diagram illustrating the vertical coverage of SRE is given in Attachment C
(Figure €18).

171.051.3.2.4.3 Accuracy

171.0513.2.4.3.1 Azimuth accuracyThe indication of position in azimutimust be within plus or minus 2
degrees of the true position. thustbe possible to resolve the positions of two aircraft which are
at 4 degrees of azimuth of one another.

171.051.3.2.4.3.2 Distance accurac¥yhe error in distance indicatianustnot exceed 5 per cent of true distance
or 150 m (500 ft), whicher is the greater. Imust be possible to resolve the positions of two
aircraft that are separated by a distance of 1 per cent of the true distance from the point of
observation or 230 m (750 ft), whichever is the greater.

171.051.3.2.4.3.2.1 The error in distance indicationaynot exceed 3 per cent of the true distance or 150 m (500
ft), whichever is the greater.

171.0513.2.4.4  The equipmemhust be capable of completely renewing the information concerning the

distance and azimuth of any aircraft within the coverage of the equipment at least once every 4
seconds.

171.051.3.2.4.5 Effortsmaybe made to reduce, as fasgossible, the disturbance caused by ground echoes or
echoes from clouds and precipitation.
171.051.3.3 Specification for VHF omnidirectional radio range (VOR)

171.051.3.3.1 General

171.0513.3.1.1 The VORustbe constructed and adjusted so that similar instrumental indications in aircraft
represent equal clockwise angular deviations (bearings), degree for degree from magnetic North
as measured from the location of the VOR.

171.0513.3.1.2 The VORust radiate a radio frequency carrier with which are associated two separate 30 Hz

modulations. One of these modulatiomastbe such that its phase is independent of the azimuth
of the point of observation (reference phase). The other modulation dlaéiphasemust be
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such that its phase at the point of observation differs from that of the reference phase by an angle
equal to the bearing of the point of observation with respect to the VOR.

171.0513.3.1.3 The reference and variable phase modulatioast be in phase along the reference magnetic
meridian through the station.

Compliance Notethe reference and variable phase modulations are in phase when the maximum
value of the sumfahe radio frequency carrier and the sideband energy due to the variable phase
modulation occurs at the same time as the highest instantaneous frequency of the reference phase
modulation.

171.051.3.3.2 Radio frequency

171.051.3.3.2.1 The VORnustoperate in the band 111.975 MHz to 117.975 MHz except that frequencies in the
band 108 MHz to 111.975 MHz may be used when, in accordance with the provisidAs/tof
CATSATEL, Subpart 171.05.€hapter 4, 4.2.1 and 4.2.3.1, these of such frequencies is
acceptable. The highest assignable frequenagtbe 117.950 MHz. The channel separatiounst
be in increments of 50 kHz referred to the highest assignable frequency. In areas where 100 kHz
or 200 kHz channel spacirg in general use, the frequency tolerance of the radio frequency
carriermustbe plus or minus 0.005 per cent.

171.051.3.3.2.2 The frequency tolerance of the radio frequency carrier of all new installations implemented after
23 May 1974 in aresawhere 50 kHz channel spacing is in nmest be plus or minus 0.002 per
cent.

171.051.3.3.2.3 In areas where new VOR installations are implemented and are assigned frequencies spaced at
50 kHz from existing VORs in the same area, priovitstbe given to ensuring that the frequency
tolerance of the radio frequency carrier of the existing VORs is reduced to plus or minus 0.002 per
cent.

171.051.3.3.3 Polarization and pattern accuracy

171.051.3.3.3.1 The emission from the V@Rstbe horizontally polarized. The vertically polarized component
of the radiationmustbe as small as possible.

Compliance Notelt is not possible at present to state quantitatively the maximum permissible
magnitude of the vertically polarized component of the radiation from the VOR. (Information is
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provided in theManual on Testing of Radio Navigation Aldec 8071) as to fliglthecks that can
be carried out to determine the effects of vertical polarization on the bearing accuracy.)

171.0513.3.3.2 The ground station contribution to the error in the bearing information conveyed by the
horizontally polarized radiation frorthe VOR for all elevation angles between 0 and 40 degrees,
measured from the centre of the VOR antenna systemstbe within plus or minus 2 degrees.

171.051.3.3.4 Coverage

171.0513.3.4.1 The VORust provide signals such as teemnit satisfactory operation of a typical aircraft
installation at the levels and distances required for operational reasons, and up to an elevation
angle of 40 degrees.

171.0513.3.4.2 The field strength or power density in space of VOR signals required to permit satisfactory
operation of a typical aircraft installation at the minimum service level at the maximum specified

service radiusnaybe 90 microvolts per metre or minus 1dBW/n.

Compliance NoteTypical equivalent isotropically radiated powers (EIRPS) to achieve specified
ranges are contained in 3.1 of Attachment C. The definition of EIRP is contdifédmil .3.5.1.

171.051.3.3.5 Modulations of navigation signals

171.0513.3.5.1 The radio frequency carrier as observed at any point in spatéde amplitude modulated by
two signals as follows:

a) a subcarrier of 9 960 Hz of constant amplitude, frequency modulated at 30 Hz:

1) for the conventional VOR, the 30 Hz component of this FM subcarrier is fixed without

NBaLISOG d2 T AYdziK | yR A amuétibandaSdiationkad of NS T S N

plus or minus 1 (i.e. 15 to 17);

2) forthe Doppler VOR, the phase of the 30 Hz component varies with azimuth and is termed
0KS &@I NR I anusthaviel deviaBiah ratioy5f 6 plus or minus 1 (i.e. 15 to 17) when
observed at any angld elevation up to 5 degrees, with a minimum deviation ratio of 11 when
observed at any angle of elevation above 5 degrees and up to 40 degrees;

b) a 30 Hz amplitude modulation component:
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1) for the conventional VOR, this component results from a rotatiglg pattern, the phase
2F 6KAOK @GFINASAE 6AGK FTAYdzIKZ FyR A& GSNX¥SR

2) for the Doppler VOR, this component, of constant phase with relation to azimuth and
O2yadlyd 'YL AGIdZRSET Aa NIRAIFIGSR 2YYARANBOGA

171.051.3.3.5.2 The nominal depth of modulation of the radio frequency catttierto the 30 Hz signal or the
subcarrier of 9 960 Haustbe within the limits of 28 per cent and 32 per cent.

Compliance Not@his requirement applies to the transmitted signal observed in the absence of
multipath.

171.051.3.3.5.3 The depth of modulation of the radio frequency carrier due to the 30 Hz signal, as observed at
any angle of elevation up to 5 degreesystbe within the limits of 25 to 35 per cent. The depth
of modulation of the radio frequency carrier due to the 9 960 Hz signal, as observed at any angle
of elevation up to 5 degreespustbe within the limits of 20 to 55 per cent on facilities without
voice modulation, and within the limits of 20 to 35 per cent on facilities with voice modulation.

Compliance Not®hen modulation is measured during flight testing under strong dynamic
multipath conditions, variations in the received modulatiengentages are to be expected. Short
term variations beyond these values may be acceptable. Maeual on Testing of Radio

Navigation Aids(Doc 8071) contains additional information on the application of airborne
modulation tolerances.

171.051.3.3.5.4 The variable and reference phase modulation frequengiastbe 30 Hz within plus or minus
1 per cent.

171.051.3.3.5.5 The subcarrier modulation nffdquencymustbe 9 960 Hz within plus or minus 1 per cent.

171.051.3.3.5.6

a) For the conventional VOR, the percentage of amplitude modulation of the 9 960 Hz subcarrier
mustnot exceed 5 per cent.
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b) For the Doppler VOR, the percentage of amplitude modulation of the 9 960 Hz subcarsier
not exceed 40 per cent when measured at a point at least 300 m (1 000 ft) from the VOR.

171.051.3.3.5.7 Where 50 kHz VOR channel spacing is implemémeesideband level of the harmonics of the
9 960 Hz component in the radiated signalist not exceed the following levels referred to the

level of the 9 960 Hz sideband:

Subcarrier Level

9 960 Hz 0 dB reference
2nd harmonic -30dB

3rd harmonic -50 dB

4th harmonic and above -60 dB

171.051.3.3.6 Voice and identification

171.051.3.3.6.1 If the VR provides a simultaneous communication channel gretorair, it mustbe on the
same radio frequency carrier as used for the navigational function. The radiation on this channel

mustbe horizontally polarized.

171.0513.3.6.2 The peak matation depth of the carrier on the communication chanmalstnot be greater
than 30 per cent.

171.051.3.3.6.3 The audio frequency characteristics of the speech chanstbe within 3 dB relative to the
level at 1 000 Hz over the range 300 Hz to 3 000 Hz.

171.0513.3.6.4 The VORust provide for the simultaneous transmission of a signal of identification on the
same radio frequency carrier as that used for the navigational function. The identification signal

radiationmustbe horizontally polarized.

171.051.3.3.6.5 The idsification signamustemploy the International Morse Code and consist of two or three
letters. Itmustbe sent at a speed corresponding to approximately 7 words per minute. The signal
must be repeated at least once every 3@conds and thenodulation tonemust be 1 020 Hz

within plus or minus 50 Hz.
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171.051.3.3.6.5.1 The identification signahay be transmitted at least three times each 30 seconds, spaced
equally within that time period. One of these identification signals may take the form of a voice
identification.

Compliance Noté/here a VOR and DME are associated in accordancd¥iith51.3.5.2.5, the
identification provisions of 3.5.3.6.4 influence the VOR identification.

171.0513.3.6.6 The depth to which the radio frequency carrier is modulated by the code identification signal
mustbe close to, but not in excess of 10 per cent except that, where a communication channel is
not provided, itmustbe permissible to increase the modulation by the code identification signal
to a value not exceeding 20 per cent.

171.0513.3.6.6.1 If the VOR provides a simultaneous communication channel gitousaid, the modulation
depth of the code identification signaiay be 5 plus or minus 1 per cent in order to provide a
satisfactory voice quality.

171.051.3.3.6.7 The transmission of speechustnot interfere in any way with the basic navigational function.
When speech is being radiated, the code identificatimmst not be suppressed.

171.051.3.3.6.8 The VOR receiving functioast permit positive identification of the wanted signal under the
signal conditions encountered within the specified coverage limits, and with the modulation
parameters specified &lt71.051.3.3.6.5,171.051.3.3.6.6 and171.051.3.3.6.7.

171.051.3.3.7 Monitoring

171.0513.3.7.1 Suitable equipment located in the radiation fielgst provide signals for the operation of an
automatic monitor. The monitomusttransmit a warning to a control point, and either remove
the identification and navigation components from the carrier or cause radiation to cease if any
one or a combinatiomf the following deviations from established conditions arises:

a) a change in excess of 1 degree at the monitor site of the bearing information transmitted by
the VOR,

b) areduction of 15 per cent in the modulation components of the radio frequencwglsignltage
level at the monitor of either the subcarrier, or 30 Hz amplitude modulation signals, or both.

171.051.3.3.7.2 Failure of the monitor itsefusttransmit a warning to a control point and either:
59



/%’
NCAA

NAMIBLA CIVIL AVIATION AUTHORITY

TECHNICAL STANDARDS
NamibiaCivil AviationAuthority - (NAMCATYS)
Safety Division

Part171 ATELc Volume 1

a) remove the identification and navigation components from the carrier; or
b) cause radiation to cease.

Compliance NoteGuidance material on VOR appears in Attachment C, 3, and Attachment E.

171.051.3.3.8 Interference immunity performance for VOR receiving systems

171.0513.3.8.1 The VOR receiving systanst provide adequate immunity to interference fmotwo signal,

third-order intermodulation products caused by VHF FM broadcast signals having levels in
accordance with the following:

2N1 +No + 72040
for VHF FM sound broadcasting signals in the range 10i08.0 MHz

and
Af
2N; + N, +3 (24 - 2010ga) <0

for VHF FM sound broadcasting signals below 107.7 MHz,

where the frequencies of the two VHF FM sound broadcasting signals produce, within the
receiver, a twesignal, thid-order intermodulation product on the desired VOR frequency.

N: and N are the levels (dBm) of the two VHF FM sound broadcasting signals at the VOR receiver
input. Neither levemustexceed the desensitization criteria set forthlinl.051.3.3.8.2.

n¥ T chiavgetenis the frequency of Nthe VHF FM sourtstoadcasting signal closer to
108.1 MHz.

171.0513.3.8.2 The VOR receiving systaustnot be desensitized in the presence of VHF FM broadcast signals

having levels in accordance with the following table:
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Maxinm level of
umvanted signal at

Frequency receiver input
(MH=) (dBm)
88-102 +15

104 +10
106 +3
107.9 -10

CompliancéNote 1.The relationship is linear between adjacent points designated by the above
frequencies.

CompliancéNote 2.Guidance material on immunity criteria to be used for the performance quoted
in171.051.3.3.8.1 andl71.051.3.3.8.2 is contained in Attachme@t 3.6.5.

171.051.3.4 Specification for nodirectional radio beacon (NDB)

171.051.3.4.1 Definitions

Compliance Noteln Attachment C, guidance is given on the meaning and application of rated
coverage and effective coverage and on coverage of NDBs.

Average radius of rated coveragelhe radius of a circle having the same area as the rated
coverage.

Effective coverge. The area surrounding an NDB within which bearings can be obtained with an
accuracy sufficient for the nature of the operation concerned.

Locator.An LF/MF NDB used as an aid to final approach.

Compliance NoteA locator usually has an avg@aradius of rated coverage of between 18.5 and
46.3 km (10 and 25 NM).

Rated coverageThe area surrounding an NDB within which the strength of the vertical field of
the ground wave exceeds the minimum value specified for the geographical area intivaich
radio beacon is situated.
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Compliance Notefhe above definition is intended to establish a method of rating radio beacons
on the normal coverage to be expected in the absence of sky wave transmission and/or anomalous
propagation from the radi beacon concerned or interference from other LF/MF facilities, but
taking into account the atmospheric noise in the geographical area concerned.

171.051.3.4.2 Coverage

171.051.3.4.2.1 The minimum value of field strength in the rated coverage of anii@e 70microvolts per
metre.

CompliancéNote 1.Guidance on the field strengths required particularly in the latitudes between
30°N and 30S is given in 6.1 of Attachment @dahe relevant ITU provisions are given in Chapter
VI, Article 35, Section IV, Part B of the Radio Regulations.

CompliancéNote 2.The selection of locations and times at which the field strength is measured is
important in order to avoid abnormal results for the locality concerned; locations on air routes in
the area around the beacon are operationally most significant.

171.051.3.4.2.2 All notifications or promulgations of NDisstbe based upon the average radius of the
rated coverage.

ComplianceNote 1.In classifying radio beacons in areas where substantial variations in rated
coverage may occur diurnally and seasonally, such variatiayde taken into account.

CompliancéNote 2.Beacons having an average radius of rated coverage of beth@8rand 278

km (25 and 150 NM) may be designated by the nearest multiple of 46.3 km (25 NM) to the average
radius of rated coverage, and beacons of rated coverage over 278 km (150 NM) to the nearest
multiple of 92.7 km (50 NM).

171.051.3.4.2.3 Where the rated coverage of an NDB is materially different in various operationally significant
sectors, its classificatiomay be expressed in terms of the average radius of rated coverage and

the angular limits of each sector as follows:

a) Radius of coverage of sector/angular limits of sector expressed as magnetic bearing
clockwise from the beacon.
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b) Where it is desirable to classify an NDB in such a manner, the number of semydrs
kept to a minimum and preferabiyaynot exceed two.

Compliance Not&he average radius of a given sector of the rated coverage is equal to the radius
of the corresponding circlesector of the same area. Example:

150/210 ¢ 30°
100/30° ¢ 210°.

171.051.3.4.3 Limitations in radiated power

The power radiated from an NDOBust not exceed by more than 2 dB that necessary to achieve
its agreed rated coverage, except that this power may be increased if coordinated regionally or if
no harmful interference to other facilities will result.

171.051.3.4.4 Radio frequencies

171.0513.4.4.1 The radio frequencies assigned to NDist be selected from those available in that portion
of the spectrum between 190 kHz and 1 750 kHz.

171.0513.4.4.2 The frequency tolerance applicable to NDBst be 0.01 per cenexcept that, for NDBs of
antenna power above 200 W using frequencies of 1 606.5 kHz and above, the tolenastdee
0.005 per cent.

171.051.3.4.4.3 Where two locators are used as supplements to an ILS, the frequency separation between the
carriers of the twanaybe not less than 15 kHz to ensure correct operation of the radio compass,
and preferably not more than 25 kHz in order to permit alquming shift in cases where an
aircraft has only one radio compass.

171.0513.4.4.4  Where locators associated with ILS facilities serving opposite ends of a single runway are
assigned a common frequency, provisiotust be made to ensure thathe facility not in
operational use cannot radiate.

Compliance NoteAdditional guidance on the operation of locator beacons on common frequency
channels is contained MAM-CATS_ATEL, Subpart 175p6hapter 3, 3.2.2.

171.051.3.4.5 Identification
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171.0513.4.5.1 Each NDBustbe individually identifieddy a two or three-letter International Morse Code
group transmitted at a rate corresponding to approximately 7 words per minute.

171.0513.4.5.2 The complete identificatiomustbe transmitted at least once every 30 seconds, except where the
beacon identification is effected by on/off keying of the carrier. In this latter case, the
identificationmustbe at approximately <minute intervals, except that a shorter interval miag
used at particular NDB stations where this is found to be operationally desirable.

171.0513.4.5.2.1 Except for those cases where the beacon identification is effected by on/off keying of the
carrier, the identification signahay be transmitted at least three times each 30 seconds, spaced
equally within that time period.

171.051.3.4.5.3 For NDBs with an average radius of rated coverage of 92.7 km (50 NM) or less that are primarily
approach and holding aids in thesiviity of an aerodrome, the identificatiamustbe transmitted
at least three times each 30 seconds, spaced equally within that time period.

171.051.3.4.5.4 The frequency of the modulating tone used for identificatiostbe 1 020 Hz plus or minus 50
Hz or 400 Hz plus or minus 25 Hz.

Compliance NoteDetermination of the figure to be used would be made regionally, in the light of
the considerations contained in Attachment C, 6.5.

171.051.3.4.6 Characteristics of emissions

Compliance NoteThe following specifications are not intended to preclude employment of
modulations or types of modulations that may be utilized in NDBs in addition to those specified for
identification, including simultaneous identification and voice modulation, prdvidat these
additional modulations do not materially affect the operational performance of the NDBs in
conjunction with currently used airborne direction finders, and provided their use does not cause
harmful interference to other NDB services.

171.051.3.4.6.1 Except as providedlinl1.051.3.4.6.1.1, all NDBsustradiate an uninterrupted carrier and be
identified by on/off keying of an amplitude modulating tone (NON/A2A).

171.0513.4.6.1.1 NDBs other than those wholly or partly ser@miyolding, approach and landing aids, or those
having an average radius of rated coverage of less than 92.7 km (50 NM), may be identified by
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on/off keying of the unmodulated carrier (NON/A1A) if they are in areas of high beacon density
and/or where the equired rated coverage is not practicable of achievement because of:

a) radio interference from radio stations;
b) high atmospheric noise;
c) local conditions.

Compliance Notdn selecting the types of emission, the possibility of confusion, arising from an
aircraft tuning from a NON/A2A facility to a NON/A1A facility without changing the radio compass
FNBY Ga/2¢é¢ G2 a/2¢ 2LISNIIGA2ys gAfft ySSR G2

171.0513.46.2 For each NDB identified by on/off keying of an audio modulating tone, the depth of modulation
mustbe maintained as near to 95 per cent as practicable.

171.0513.4.6.3 For each NDB identified by on/off keying of an audio modulating tteemeharacteristics of
emission during identificatiomustbe such as to ensure satisfactory identification at the limit of
its rated coverage.

CompliancéNote 1.The foregoing requirement necessitates as high a percentage modulation as
practicabk, together with maintenance of an adequate radiated carrier power during
identification.

CompliancéNote 2.With a directionfinder pass band of plus or minus 3 kHz about the carrier, a
signal to noise ratio of 6 dB at the limit of rated coverage, willgeneral, meet the foregoing
requirement.

CompliancéNote 3.Some considerations with respect to modulation depth are contained in
Attachment C, 6.4.

171.051.3.4.6.4 The carrier power of an NDB with NON/A2A emissiagnot fall when the identity signal is
being radiated except that, in the case of an NDB having an average radius of rated coverage
exceeding 92.7 km (50 NM), a fall of not more than 1.5 dB magdepted.

171.0513.4.6.5 Unwanted audio frequency modulationgsttotal less than 5 per cent of the amplitude of
the carrier.
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Compliance NoteReliable performance of airborne automatic directfording equipment (ADF)

may be seriously prejudiced if the beacon emission contains modulation by an audio frequency
equal or close to the loop switching frequency or its second harmonic. The loopirgyvitc
frequencies in currently used equipment lie between 30 Hz and 120 Hz.

171.0513.4.6.6 The bandwidth of emissions and the level of spurious emissiostbe kept at the lowest
value that the state of technique and the nature of the sengeemit.

Compliance Notdérticle S3 of the ITU Radio Regulations contains the general provisions with
respect to technical characteristics of equipment and emissions. The Radio Regulations contain
specific provisions relating to necessary bandhiftequency tolerance, spurious emissions and
classification of emissions (see Appendices APS1, APS2 and APS3).

171.051.3.4.7 Siting of locators

171.0513.4.7.1 Where locators are used as a supplement to the ILS, tieybe located at the sites of the
outer and middle marker beacons. Where only one locator is used as a supplement to the ILS,
preferencemaybe given to location at the site of the outerarker beacon. Where locators are
employed as an aid to final approach in the absence of an ILS, equivalent locations to those
applying when an ILS is installethy be selected, taking into account the relevant obstacle
clearance provisions of tteANSOP3Doc 8168).

171.0513.4.7.2 Where locators are installed at both the middle and outer marker positions, thay be
located, where practicable, on the same side of the extended centre line of the runway in order
to provide a track between the locators which will be more nearly parallel to the centre line of the
runway.

171.051.3.4.8 Monitoring

171.0513.4.8.1 For each NDB, suitable meansst be provided to enable detection of any of the following
conditions at an appropriate location:

a) a decrease in radiated carrier power of more than 50 per cent below that required for the rated
coverage;

b) failure to transmit the identification signal;
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c) malfunctioning or failure of the means of monitoring itself.

171.051.3.4.8.2 When an NDB is operated from a power source having a frequency which is close to airborne

ADF equipment sitching frequencies, and where the design of the NDB is such that the power

supply frequency is likely to appear as a modulation product on the emission, the means of
monitoringmaybe capable of detecting such power supply modulation on the carrier in excess of
5 per cent.

171.051.3.4.8.3 During the hours of service of a locator, the means of monitoriisgprovide for a continuous

check on the functioning of the locatas prescribed in 3.4.8.1 a), b) and c).

171.051.3.4.8.4 During the hours of service of an NDB other than a locator, the means of monitaaiyygrovide

171.051.3.5

for a continuous check on the functioning of the NDB as prescrib#dlr051.3.4.8.1 a), b) and
C).

Compliance Not&uidance material on the testing of NDBs is contained in 6.6 of Attachment C.
Specification for UHF distance measuring equipment (DME)

Compliance Notdn the following section, provision is made for two types of DME facility: DME/N
for generalapplication, and DME/P as outlinedliil1.051.3.11.3.

171.051.3.5.1 Definitions

Control motion noise (CMN)That portion of the guidance signal errohish causes control
surface, wheel and column motion and could affect aircraft attitude angle during coupled flight,
but does not cause aircraft displacement from the desired course and/or glide path. (See 3.11.)

DME dead time A period immediately foliwing the decoding of a valid interrogation during
which a received interrogation will not cause a reply to be generated.

Compliance NoteéDead time is intended to prevent the transponder from replying to echoes
resulting from multipath effects.

DME/N. Distance measuring equipment, primarily serving operational needs-odue or TMA
YIE@AILIGA2YyS 6KSNB (GKS dabé adFryRa FT2N yI NNRBg
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DME/P.The distance measuring element of tMeSg K SNB G KS dat é adl yRa&
measurement. The spectrum characteristics are those of DME/N.

Equivalent isotropically radiated power (EIRFhe product of the power supplied to the antenna
and the antenna gain in a given direction relati@ean isotropic antenna (absolute or isotropic
gain).

Final approach (FA) mod&he condition of DME/P operation which supports flight operations in
the final approach and runway regions.

Initial approach (IA) mode.The condition of DME/P operationhich supports those flight
operations outside the final approach region and which is interoperable with DME/N.

Key down time The time during which a dot or dash of a Morse character is being transmitted.

MLS approach reference datunm point on theminimum glide path at a specified height above
the threshold. (See 3.11IMLS datum point.The point on the runway centre line closest to the
phase centre of the approach elevation antenna.

(See 3.11))

Mode W, X, Y, ZA method of coding the DME transissions by time spacing pulses of a pulse
pair, so that each frequency can be used more than once.

Partial rise time.The time as measured between the 5 and 30 per cent amplitude points on the
leading edge of the pulse envelope, i.e. between pointsdiam Figures-3 and 32.

Path following error (PFE)hat portion of the guidance signal error which could cause aircraft
displacement from the desired course and/or glide path. (See 3.11.)

Pulse amplitudeThe maximum voltage of the pulse envelope, i.e. A in Figdre 3

Pulse decay timeThe time as measured between the 90 and 10 per cent amplitude points on the
trailing edge of the pulse envelope, i.e. between points e and g on Figlire 3

Pulse codeThe method of differentiating between W, X, Y and Z modes and between FA and IA

modes.
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Pulse durationThe time interval between the 50 per cent amplitude point on leading and trailing
edges of the pulse envelope, i.e. between points b and f on Fjire

Pulse rise timeThe time as measured between the 10 and 90 per cent amplitude points on the
leading edge of the pulse envelope, i.e. between points a and ¢ on Fidure 3

Reply efficiencyThe ratio of replies transmitted by the transpondertke total of received valid
interrogations.

Search.The condition which exists when the DME interrogator is attempting to acquire and lock
onto the response to its own interrogations from the selected transponder.

System efficiencyThe ratio of valid replies processed by the interrogator to the tofatsoown
interrogations.

Track.The condition which exists when the DME interrogator has locked onto replies in response
to its own interrogations, and is continuously providing a distance measurement.

Transmission rateThe average number of pulgmirs transmitted from the transponder per
second.

Virtual origin. The point at which the straight line through the 30 per cent and 5 per cent
amplitude points on the pulse leading edge intersects the 0 per cent amplitude axis (see Figure 3
2).

171.051.3.5.2 General

171.051.3.5.2.1 The DME systenustprovide for continuous and accurate indication in the cockpit of the slant
range distance of an equipped aircraft from an equipped ground reference point.

171.051.3.5.2.2 The systemustcomprise two basic components, one fitted in the airtrtfe other installed

on the ground. The aircraft componentust be referred to as the interrogator and the ground
component as the transponder.
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171.051.3.5.2.3 In operation, interrogatorsustinterrogate transponders whicmust, inturn, transmit to the
interrogator replies synchronized with the interrogations, thus providing means for accurate
measurement of distance.

171.051.3.5.2.4 DME/musthave two operating modes, IA and FA.
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171.0513.5.2.5 When a DME is associated with anMLSor VOR for the purpose of constituting a single
facility, theymust

a) be operated on a standard frequency pairing in accordance with051.3.5.3.3.4;

b) be collocated within the limits prescel for associated facilities #71.051.3.5.2.6; and

c) comply with the identification provisions 4771.051.3.5.3.6.4.

171.051.3.5.2.6 Collocation limits for a DME facility associated with an MiSSor VOR facility

171.0513.5.2.6.1 Associated VOR and DME facifitiest be collocated in accordance with the following:

a) for those facilities used in terminal areas for approach purposes or other procedures where
the highest position fixing accuracy of system capability is required, the separation of the VOR
and DME antenrmadoes not exceed 80 m (260 ft);
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b) for purposes other than those indicated in a), the separation of the VOR and DME antennas
does not exceed 600 m (2 000 ft).

171.051.3.5.2.6.2 Association of DME with ILS

Compliance NoteAttachment C2.11 gives guidance on the association of DME with ILS.

171.051.3.5.2.6.3 Association of DME with MLS

171.051.3.5.2.6.3.1 Recommendatiort If a DME/P is used to provide ranging informatiomé&y be sited as
close as possible to the MLS azimuth facility.

Compliance Noté&ttachment G, 5 and Attachment C, 7.1.6 give guidance on siting of DME with
MLS. This guidance sets forth, in particular, appropriate steps to be taken to prevent different zero
range indication if DME/P associated with MLS and DME/N associated withnteSheesame
runway.

171.0513.5.2.7 The Standards 171.051.3.5.3,171.051.3.5.4 and171.0510 ®p ®p RSyasiappR o0& 4
only to DME equipment first installed after 1 January 1989.

171.051.3.5.3 System characteristics
171.051.35.3.1 Performance
171.0513.5.3.1.1 Range.The systenmust provide a means of measurement of slant range distance from an

aircraft to a selected transponder to the limit of coverage prescribed by the operational
requirements for the selectettansponder.

171.051.3.5.3.1.2 Coverage

171.0513.5.3.1.2.1 When associated with a VOR, DME/N covenagtbe at least that of the VOR to the
extent practicable.
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171.0513.5.3.1.2.2 When associated with either an ILS or an MLS, DME/N caveisifpe at least that of the
respective ILS or of the MLS azimuth angle guidance coverage sectors.

171.0513.5.3.1.2.3 DME/P coveragristbe at least that provide by the MLS azimuth angle guidance
coverage sectors.

Compliance Notefhis is not intended to specify the operational range and coveraghith the
system may be used; spacing of facilities already liestenay limit the range in certain areas

171.051.3.5.3.1.3 Accuracy

171.051.3.5.3.1.3.1 System accuracy.he accuracy standards specifiedlLifl.051.3.5.3.1.4,171.051.3.5.4.5
and171.051.3.5.5.4mustbe met on a 95 per cent probability basis.

171.051.3.5.3.1.4 DME/P accuracy

ComplianceNote 1.In the following, two accuracy standards, 1 and 2, are stated for the DME/P
to accommodate a variety of applications.

CompliancéNote 2.Guidance on accuracy standards is given in Attachment C, 7.3.2.

171.051.3.5.3.1.4.1 Error componentsThe path following error (PFE)ust be comprised of those frequency
components of the DME/P error at the output of the interrogator whichokdow 1.5 rad/s. The
control motion noise (CMNhust be comprised of those frequency components of the DME/P
error at the output of the interrogator which lie between 0.5 rad/s and 10 rad/s.

Compliance NoteSpecified error limits at a point are to be applied over a flight path that includes
that point. Information on the interpretation of DME/P errors and the measurement of those
errors over an interval appropriate for flight inspection is provided in Attecti C, 7.3.6.1.

171.0513.5.3.1.4.2 Errors on the extended runway centre timnest not exceed the values given in Table B at
the end of this chapter.

171.0513.5.3.1.4.3 In the approach sector, away from the extended runway centréhiaallowable PFE for
both standard 1 and standardrust be permitted to increase linearly with angle up to plus or

minus 40 degrees MLS azimuth angle where the permitted error is 1.5 times that on the extended
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runway centre line at the sandistane. The allowable CMiustnot increase with angle. There
mustbe no degradation of either PFE or CMN with elevation angle.

171.051.3.5.3.2 Radio frequencies and polarizatiorhe systenmustoperate with vertical polarization in the
frequency band 960 MHz to 1 215 MHz. The interrogation and reply frequeno&be assigned
with 1IMHz spacing between channels.

171.051.3.5.3.3 Channelling

171.0513.5.3.3.1 DME operating channgigstbe formed by pairing interrogen and reply frequencies and
by pulse coding on the paired frequencies.

171.051.3.5.3.3.2 Pulse codingDME/P channelsmusthave two different interrogation pulse codes as shown
in the table in

3.5.4.4.1. Onenustbe used in the initial approach (IA) mode; the othaustbe used in the final approach (FA)
mode.

171.051.3.5.3.3.3 DME operating channelsst be chosen from Table A (located at the end of this chapter), of
352 channels in which the channel numbers, frequencies, and pulse codes are assigned.

171.051.3.5.3.3.4 Channel pairingWhen a DME transponder is intended to operate in associatitimavsingle
VHF navigation facility in the 108 MHz to 117.95 MHz frequency band and/or an MLS angle facility
in the 5 031.0 MHz to 5 090.7 MHz frequency band, the DME operating chansthbe paired
with the VHF channel and/or MLS angle frequency as given in Table A.

e Compliance Notd@here may be instances when a DME channel will be paired with both the ILS
frequency and an MLS channel (b88&V-CATSATEL, Subpart 171.65Chapte 4, 4.3).

171.051.3.5.3.4 Interrogation pulse repetition frequency

e Compliance Notelf the interrogator operates on more than one channel in one second, the
following specifications apply to the sum of interrogations on all channels.

171.051.3.5.3.4.1 DME/N.The interrogator average pulse repetition frequency (RRESt not exceed 30 pairs
of pulses per second, based on the assumption that at least 95 per cent of the time is occupied

for tracking.
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171.051.3.5.3.4.2 DME/N.If it is desired to decrease the time of search, the PRF may be increased during search
but must not exceed 150 pairs of pulses per second.

171.051.3.5.3.4.3 DME/N.After 15 000 pairs of pulses have been transmitted without acquiring indication of
distance, the PRRay not exceed 60 pairs of pulses per second thereafter, until a change in
operating channel is made or successful search is completed.

171.051.3.5.3.4.4 DME/N.When, after a time period of 30 seconds, tracking has not been established, the pulse
pair repetition frequencynustnot exceed 30 pulse pairs per second thereatfter.

171.051.3.5.3.4.5 DME/P.The interrogator pulse repetitiofrequencymust not exceed the following number
of pulse pairs per second:

a) search 40
b) aircraft on the ground 5

c) initial approach mode track 16
d) final approach mode track 40

ComplianceNote 1.A pulse repetition frequency (PRF) of 5 pulse pairs per second for aircraft on
the ground may be exceededhk aircraft requires accurate range information.

ComplianceNote 2.1t is intended that all PRF changes be achieved by automatic means.

171.051.3.5.3.5 Aircraft handling capacity of the system

171.051.3.5.3.5.1 The aircraft handling capacity of transponders in amawstbe adequate for the peak traffic
of the area or 100 aircraft, whichever is the lesser.

171.051.3.5.3.5.2 Where the peak traffic in an area exceeds 100 aircraft, the transpandgibe capable of
handling that peak traffic.

Compliance Note: Guidance material on aircraft handling capacity will be found in Attachment
C,7.15.
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171.051.3.5.3.6 Transponder identification

171.0513.5.3.6.1 All transpondermsusttransmit an identification signal in one of the following forms as
required by171.051.3.5.3.6.5:

aly AGAYRSLISYRSYy(Gé ARSYUATAOFIGAZ2Y O2yaradGAiy3da ;
which can be used with all transponders;

by alaaz2oOAliSRé airaylt gKAOK Oly o$had®BliSR T2
navigation or an MLS angle guidance facility which itself transmits an identification signal.
Compliance Not&n MLS angle guidandecility provides its identification as a digital word

transmitted on the data channel into the approaatd back azimuth coverage regions as specified
in171.051.3.11.4.6.2.1.

171.051.3.5.3.6.2 Both systems of identificationustuse signals, whicmustconsist of the transmission for an
appropriate period of a series of paired pulses transmitted at a repetition rate of 1 350 pulse pairs
per second, andhusttemporarily replace all reply pulses that would normally occur at that time
except as inl7105.1.3.5.3.6.2.2. These pulsesust have similar characteristics to the other
pulses of the reply signals.

171.051.3.5.3.6.2.1 DME/N.Reply pulsesnust be transmitted between key down times.

171.051.3.5.3.6.22 DME/N.If it is desired to preserve a constant duty cycle, an equalizing pair of pulses, having
the same characteristics as the identification pulse pairgy be transmitted 100 microseconds
plus or minus 10 microseconds after each idgpiir.

171.051.3.5.3.6.2.3 DME/P Reply pulsemustbe transmitted between key down times.

171.0513.5.3.6.2.4 For the DME/P transponder, reply pulse pairs to valid FA mode interrogatistzdso be
transmitted during key down times and have priority over identification pulse pairs.

171.0513.5.3.6.2.5 The DME/P transpondeustnot employ the equalizing pair of pulses of
171.051.3.5.3.6.2.2.

171.0510 ®p ®o dc do ¢ KS OKI NI OG SNA & i mOsibe asTolloivé& S a A Y RS LIS
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a) the identity signamustconsist of the transmission of the beacon code in the form of dots and

dashes (International Morse Code) of identity pulses at least once every 40 seconds, at a rate
of at least 6 words per minute; and

b) the identification code characteristic and letteate for the DME transpondenust conform
to the following to ensure that the maximum total key down time does not exceed 5 seconds
per identification code group. The datsustbe a time duration of 0.1 second to 0.160 second.
The dashesnudg be typically 3 times the duration of the dots. The duration between dots
and/or dashesnustbe equal to that of one dot plus or minus 10 per cent. The time duration
between letters or numeralsiustnot be less than three dots. The total perifod transmission
of an identification code groumustnot exceed 10 seconds.

Compliance NoteThe tone identification signal is transmitted at a repetition rate of 1 350 pps.
This frequency may be used directly in the airborne equipment as an aural output for the pilot, or
other frequencies may be generated at the option of the interrogator des{gee 3.5.3.6.2).

171.0510 ®p ®0 dc Pn ¢ KS OKI NI OauSthdasfilawda 2F (GKS al aaz2 OA
a) when associated with a VHF or an MLS angle facility, the identifigatishbe transmitted in

the form of dots and dashes (Interriabal Morse Code) as in 3.5.3.6.3 amtlst be
synchronized with the VHF facility identification code;

b) each 40second intervammustbe divided into four or more equal periods, with the transponder
identification transmitted during one period only and the associated VHF and MLS angle facility

identification, where these are provided, transmitted during the remaining periods;

c) for a IME transponder associated with an MLS, the identificatiustbe the last three letters
of the MLS angle facility identification specifiedLifl.051.3.11.4.6.2.1.

171.051.3.5.3.6.5 Identification implementation

171.0510 ®p ®o0 dc ®p Om ¢ KS & A ynBsSoeJEnplaydd/ihérever R Bayfsponderisriotil A 2 y
specifically associated with a VHF navigational facility or an MLS facility.

171.051.3.5.3.6.5.2 Wherever a transponder is specifically assatigith a VHF navigational facility or an MLS
facility, identificationmustd S LINR DA RSR o6& (GKS Gl 3a20A1 0SR¢ O
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171.051.3.5.3.6.5.3 When voice communications are being radiated on an asso¢idkedavigational facility,
Ly &l &a2 Ofdmiie RanspéndleFhystnot be suppressed.

171.051.3.5.3.7 DME/P mode transition

171.0513.5.3.7.1 The DME/P interrogator for standard 1 accuracgtchange from IA mode track to FA mode
track at 13 km (7 NM) from the transponder when approaching the transponder, or any other
situation when within 13 km (7 NM).

171.0513.5.3.7.2 For standard 1 accuracy, the transition from IA mode to FA ma#teopraration may be
initiated within 14.8 m (8 NM) from the transponder. Outside 14.8 km (8 NM), the interrogator
mustnot interrogate in the FA mode.

Compliance Not@aragraphl71.051.3.5.3.7.1 does not apply if the transponder is a DME/N or if
the DME/P transponder FA mode is inoperative.

171.051.3.5.3.8 System efficiencyThe DME/P system accuracy of 3.5.3rhdst be achieved with a system
efficiency of 50 per cent or mer

171.051.3.5.4 Detailed technical characteristics of transponder and associated monitor
171.051.3.5.4.1 Transmitter

171.0513.5.4.1.1 Frequency of operatiohe transpondemusttransmit on the reply frequency appropriate
to the assigned DME channel (sE£1.051.3.5.3.3.3).

171.051.3.5.4.1.2 Frequency stabilityThe radio frequency of operatianustnot vary more than plus or minus
0.002 per cent from the assigneckfluency.

171.051.3.5.4.1.3 Pulse shape and spectruiihe followingnustapply to all radiated pulses:
a) Pulse rise time.

1) DME/N.Pulse rise timenustnot exceed 3 microseconds.
2) DME/P.Pulse rise timenust not exceed 1.6 microseconds. For the FA mode, the pulse
musthave a partial rise time of 0.25 plus or minus 0.05 microsecond. With respect to the FA
mode and accuracy standard 1, the slope of the pulse in the partial risentimsenot vary by
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more than plus or minus 20 per cent. For accuracy standard 2, thesiogenot vary by more
than plus or minus 10 per cent.

3) DME/P.Pulse rise timenaynot exceed 1.2 microseconds
b) Pulse duratiormustbe 3.5 microseconds plus or minus 0.5 microsecond.
c) Pulse decay timewustnominally be 2.5 microseconds huiustnot exceed 3.5 microseconds.

d) The instantaneous amplitude of the pulsaist not, at any instant between the point of the
leading edge which is 95 per cent of maximum amplitude and the point of the trailing edge
which is 95 per cent of the maximum amplitude, fall below a value which is 95 per cent of the
maximum voltage amplitude of the pulse.

e) For DME/N and DME/P: the spaatn of the pulse modulated signadust be such that during
the pulse the EIRP contained in a 0.5 MHz band centred on frequencies 0.8 MHz above and 0.8
MHz below the nominal channel frequency in each aasist not exceed 200 mW, and the
EIRP contaied in a 0.5 MHz band centred on frequencies 2 MHz above and 2 MHz below the
nominal channel frequency in each casestnot exceed 2 mW. The EIRP contained within any
0.5 MHz bandnustdecrease monotonically as the band centre frequency movesydvwm
the nominal channel frequency.

Compliance NoteGuidance material relating to the pulse spectrum measurement is provided in
Document EUROCAE-ED(including Amendment No. 1).

f) To ensure proper operation of the thresholding techniques, the instantaneous magnitude of
any pulse turron transients whictoccur in time prior to the virtual origimustbe less than
one per cent of the pulse peak amplitude. Initiation of the tamprocessnustnot commence
sooner than 1 microsecond prior to the virtual origin.

Compliancéote 1.4 KS GAYS GRdz2NAYy3I (GKS Llzf aS¢ Sy 02 VYL a:
of pulse transmission to its end. For practical reasons, this interval may be measured between the
5 per cent points on the leading and trailing edges of the pulse envelope.

ComplianceNote 2.The power contained in the frequency bands specified in 3.5.4.1.3 e) is the
average power during the pulse. Average power in a given frequency band is the energy contained

in this frequency band divided by the time of pulse transmissioarding to Note 1.
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171.051.3.5.4.1.4 Pulse spacing

171.0513.5.4.1.4.1 The spacing of the constituent pulses of transmitted pulsenpastde as given in the
table in 3.5.4.4.1.

171.051.3.5.4.1.4.2 DME/N.The tolerance on thpulse spacinghustbe plus or minus 0.25 microsecond.
171.051.3.5.4.1.4.3 DME/N.The tolerance on the DME/N pulse spaaimgybe plus or minus 0.10 microsecond.
171.051.3.5.4.1.4.4 DME/P.The tolerance on the pulse spacimgistbe plus or minus 0.10 microsecond.

171.0513.5.4.1.4.5 The pulse spacimgsstbe measured between the half voltage points on the leading
edges of the pulses.

171.051.3.5.4.1.5 Peak power output

171.0513.5.4.1.51 DME/N.The peak EIRRaynot be less than that required to ensure a peak pulse power
density of approximately minus 83 dBW/iat the maximum specified service range and level

171.0513.5.4.1.5.2 DME/N.The peak equivalent isotropically radiated powaust not be lessthan that
required to ensure a peak pulse power density of minus 89 dBWer all operational weather
conditions at any point within coverage specified.ifi..051.3.5.3.1.2.

CompliancéNote: Although the Standard ih71.051.3.5.4.1.5.2 implies an improved interrogator
receiver sensitivity, it is intended that the power density specifieti7in051.3.5.4.1.5.1 be
available at the maximum specified service range and level.

171.051.3.5.4.1.5.3 DME/P.The peak equivalent isotropically radiated powaustnot be less than that required
to ensure the following peak pulse power densities under all operational weather conditions:

a) minus 89 dBW/rhat any point within the coverage specifiedi@1.051.3.5.3.1.2 at ranges
greater than 13 km (7 NM) from the transponder antenna;

b) minus 75 dBW/rhat any point within the coverage specified 171.051.3.5.3.1.2 at ranges
less than 13 km (7 NM) from the transponder antenna;
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¢) minus 70 dBW/rhat the MLS approach reference datum;

d) minus 79 dBW/rat 2.5 m (8 ft) above the runway surface, at the MLS datum point, or at the
farthest point on the runway centre line which is in line of sight of the DME transponder
antenna.

CompliancéNote: Guidance material relating to the EIRP may be found in Attachment C, 7.2.1
and 7.3.8.

171.0513.5.4.1.5.4 The peak power of the constituent pulses of any pair of pulsetsot differ by more
than 1 dB.

171.051.3.5.4.1.5.5 The reply capability of the transmittenaybe such that the transpondenaybe capable of
continuous operation at a transmission rate of 2 700 plus or minus 90 pulse pairs per second (if
100 aircraft are to be served).

Compliance NoteGuidance on the relationship between number of aircraft and transmission rate
is given in Attachment C, 7.1.5.

171.0513.5.4.1.5.6 The transmitt@nustoperate at a transmission rate, including randomly distributed pulse
pairs and distance rdy pulse pairs, of not less than 700 pulse pairs per second except during
identity. The minimum transmission rataust be as close as practicable to 700 pulse pairs per
second. For DME/P, in no caseistit exceed 1 200 pulse pairs per second.

Compliance NoteOperating DME transponders with quiescent transmission rates close to 700
pulse pairs per second will minimize the effects of pulse interference, particularly to other aviation
services such as GNSS.

171.051.3.5.4.1.6 Spurios radiation.During intervals between transmission of individual pulses, the spurious
power received and measured in a receiver having the same characteristics as a transponder
receiver, but tuned to any DME interrogation or reply frequemaystbe nore than 50 dB below
the peak pulse power received and measured in the same receiver tuned to the reply frequency
in use during the transmission of the required pulses. This provision refers to all spurious
transmissions, including modulator and electricaérference.

171.0513.5.4.1.6.1 DME/N.The spurious power level specifiedlifil1.051.3.5.4.1.6mustbe more than 80 dB

below the peak pulse power level.
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171.051.3.5.4.1.6.2 DME/P.The spurious power level specifiedlifil.051.3.5.4.1.6mustbe more than 80 dB
below the peak pulse power level.

171.051.3.5.4.1.6.3 Outof-band spurious radiatiorAt all frequencies from 10 to 1 800 MHz, but excluding the
band of frequena@s from 960 to 1 215 MHz, the spurious output of the DME transponder

transmitter mustnot exceed minus 40 dBm in any one kHz of receiver bandwidth.

171.0513.5.4.1.6.4 The equivalent isotropically radiated power of any CW harmonic of the d&@ujigency
on any DME operating channalustnot exceed minus 10 dBm.

171.051.171.051.3.5.4.2 Receiver

171.051.3.5.4.2.1 Frequency of operatio.he receiver centre frequenceyustbe the interrogation frequency
appropriate to theassigned DME operating channel (see 3.5.3.3.3).

171.051.3.5.4.2.2 Frequency stabilityThe centre frequency of the receiverust not vary more than plus or
minus 0.002 per cent from the assigned frequency.

171.051.3.5.4.2.3 Transponder sensitivity

171.0513.5.4.2.3.1 In the absence of all interrogation pulse pairs, with the exception of those necessary to
perform the sensitivity measurement, interrogation pulse pairs with the correct spacing and
nominal flequencymusttrigger the transponder if the peak power density at the transponder
antenna is at least:
a) minus 103 dBW/rafor DME/N with coverage range greater than 56 km (30 NM);
b) minus 93 dBW/rhfor DME/N with coverage range not greater than 56 km (30 NM);
¢) minus 86 dBW/riifor DME/P IA mode;

d) minus 75 dBW/rifor DME/P FA mode.

171.051.3.5.4.2.3.2 The minimum power densities specifiel/ih051.3.5.4.2.3.Imustcause the transpather
to reply with an efficiency of at least:
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a) 70 per cent for DME/N;
b) 70 per cent for DME/P 1A mode;
c) 80 per cent for DME/P FA mode.

171.051.3.5.4.2.3.3 DME/N dynamic rangé&.he performance of the transpondarustbe maintained when the
power density of the interrogation signal at the transponder antenna has any value between the
minimum specified in171.051.3.5.4.2.3.1 up to a maximum of minus 22 dBWimhen installed
with ILSor MLS and minu35 dBW/nt when installed for other applications.

171.051.3.5.4.2.3.4 DME/P dynamic rang&he performance of the transponderustbe maintained when the
power density of the interrogation signal at the transponder antenna has any value between the
minimum specified i171.051.3.5.4.2.3.1 up to a maximum of minus 22 dBW&/m

171.0513.5.4.2.3.5 The transponder sensitivity lan@stnot vary by more than 1 dB for transponder loadings
between 0 and 90 per cent of its maximum transmission rate.

171.051.3.5.4.2.3.6 DME/N.When the spacing of an interrogator pulse pair varies from the nominal value by
up to plus or minud microsecond, the receiver sensitivityust not be reduced by more than 1
dB.

171.051.3.5.4.2.3.7 DME/P When the spacing of an interrogator pulse pair varies from the nominal value by up
to plus or minus 1 microsecond, the receiver sensitivityst not be reduced by more than 1 dB.

171.051.3.5.4.2.4 Load limiting

171.0513.5.4.2.4.1 DME/N. Recommendatiot When transponder loading exceeds 90 per cent of the
maximum transmission rate, the receiver sensitinigybe automatically reduced in order to limit
the transponder replies, so as to ensure that the maximummijssible transmission rate is not
exceeded. (The available range of sensitivity reduchianbe at least 50 dB.)

171.0513.5.4.2.4.2 DME/P.To prevent transponder overloading the transponaeunst automatically limit its
replies, so asa ensure that the maximum transmission rate is not exceeded. If the receiver
sensitivity reduction is implemented to meet this requirementnitstbe applied to the IA mode
only andmustnot affect the FA mode.
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171.0513.5.4.2.5 Noise. When the receiver is interrogated at the power densities specified in
171.051.3.5.4.2.3.1 to produce a transmission rate equal to 90 per cent of the maximum, the
noise generated pulse painsustnot exceed 5 per cent of the maximum transmission rate.

171.051.3.5.4.2.6 Bandwidth

171.0513.5.4.2.6.1 The minimum prissible bandwidth of the receivanust be such that the transponder
sensitivity levemustnot deteriorate by more than 3 dB when the total receiver drift is added to
an incoming interrogation frequency drift of plus or minus 100 kHz.

171.0513.5.4.2.6.2 DME/N. The receiver bandwidthmust be sufficient to allow compliance with
171.051.3.5.3.1.3 when the input signals are those specifieti7ih.051.3.5.5.1.3.

171.051.3.5.4.2.6.3 DME/Pt IA mode.The receiver bandwidtimust be sufficient to allow compliance with
171.051.3.5.3.1.3 when the input signals are those specified4t.051.3.5.5.1.3. The 12 dB
bandwidthmustnot exceed 2 MHz and the 60 dB bandwidthstnot exceed 10 MHz.

171.0513.5.4.2.6.4 DME/Pt FA modeThe receiver bandwidtimust be sufficient to allow compliance with
3.5.3.1.3 when the input signals are those specified7th.051.3.5.5.1.3. The 12 dB bandwidth
mustnot exceed 6 MHz and the 60 dB bandwidthstnot exceed 20 MHz.

171.051.3.5.4.2.6.5 Signals greater than 900 kHz removed from the desired channel nominal frequency and
having power densities up to the values specified1inl.051.3.5.4.2.3.3for DME/N and
3.5.4.2.3.4 for DME/Pnust not trigger the transponder. Signals arriving at the intermediate
frequencymust be suppressed at least 80 dB. All other spurious response or signals within the
960 MHz to 1 215 MHz band and image frequesimmustbe suppressed at least 75 dB.

171.051.3.5.4.2.7 Recovery timewithin 8 microseconds of the reception of a signal between 0 dB and 60 dB
above minimum sensitivity level, the minimum sensitivity level of the transponder to a desired
sighalmustbe within 3 dB of the value obtained in the absence of signals. This requirenusit
be met with echo suppression circuits, if any, rendered inoperative. The 8 microseconds are to be
measured between the half voltage points on the legdedges of the two signals, both of which
conform in shape, with the specificationsliil.051.3.5.5.1.3.
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171.051.3.5.4.2.8 Spurious radiationdRadiation from any part of the receiver or allied circumitgst meet the
requirements stated i171.051.3.5.4.1.6.

171.051.3.5.4.2.9 CW and echo suppression

Recommendatiomt CW and echo suppressioraybe adequate for the sites at which the
transponders will be used.

Compliance Notdn this connection, echoes mean undesired signals caused by multipath
transmission (reflections, etc.).

171.051.3.5.4.2.10 Protection against interference

1. Protection against interference outside the DME frequency baagbe adequate for the
sites at which the transponders will be used.

171.051.3.5.4.3 Decoding

171.0513.5.4.3.1 The transpondarustinclude a decoding circuit such thihe transponder can be triggered
only by pairs of received pulses having pulse duration and pulse spacings appropriate to
interrogator signals as describediil1.051.3.5.5.1.3 and.71.051.3.5.5.1.4.

171.0513.5.4.3.2 The decoding circuit performameast not be affected by signals arriving before, between,
or after, the constituent pulses of a pair of the correct spacing.

171.051.3.5.4.3.3 DME/Nt1 Decoder rejectionAn interrogation pulse pawvith a spacing of plus or minus 2
microseconds, or more, from the nominal value and with any signal level up to the value specified
in171.051.3.5.4.2.3.3nustbe rejected such that the transmission rate does not exceed the value
obtained when interogations are absent.

171.0513.5.4.3.4 DME/P1 Decoder rejectionAn interrogation pulse pair with a spacing of plus or minus 2
microseconds, or more, from the nominal value and with any signal level up to the value specified

in171.051.3.5.4.2.3.4nustbe rejected such that the transmission rate does not exceed the value
obtained when interrogations are absent.

171.051.3.5.4.4 Time delay
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171.0513.5.4.4.1 When a DME is associated only with a VHF facility, the timamdedtlye the interval from
the half voltage point on the leading edge of the second constituent pulse of the interrogation
pair and the half voltage point on the leading edge of the second constituent pulse of the reply
transmission. This delayust be corsistent with the following table, when it is desired that
aircraft interrogators are to indicate distance from ttransponder site.

Pulse pair
spacing (us) Time delav (us)
Channel Ist pulse  2nd pulse
suffix Operating mode  Interrogation  Reply timing timing

X DME/N 12 12 50 50
DME/PIAM 12 12 50 -
DME/PFA M 18 12 56 -

Y DME/N 36 30 56 50
DME/PIAM 36 30 56 -
DME/PFAM 42 30 62 -

Pulse pair
spacing (us) Time delay (us)

W DME/N — - — -
DME/PIAM 24 24 50 -
DME/PFA M 30 24 56 -

Z DME/N - - - -
DME/PIAM 21 15 56 -
DME/PFA M 27 15 62 -

CompliancéNote 1.W and X are multiplexed on the same frequency.
CompliancéNote 2.Z and Y are multiplexed on the same frequency.

171.0513.5.4.4.2 When a DME is associated witMas angle facility, thiime delaymustbe the interval from
the half voltage point on the leading edge of the first constituent pulse of the interrogation pair
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and the half voltage point on the leading edge of the first constituent pulse of the reply
transmission. This delayustbe 50 mcroseconds for mode X channels and 56 microseconds for
mode Y channels, when it is desired that aircraft interrogators are to indicate distance from the
transponder site.

171.0513.5.4.4.2.1 For DME/P transponders, no time delay adjustmestbe permitted.

171.051.3.5.4.4.3 For the DME/N the transponder time delayay be capable of being set to an appropriate
value between the nominal value of the time delay minus 15 microseconds and the nominal value
of the time delay, to permit aircraft interrogators to indicate zero distance at a specific point
remote from the tranponder site

Compliance NoteModes not allowing for the full 15 microseconds range of adjustment in
transponder time delay may only be adjustable to the limits given by the transponder circuit delay
and recovery time.

171.051.3.5.4.4.3.1 DME/N.The time delaynustbe the interval from the half voltage point on the leading edge
of the first constituent pulse of the interrogation pair and the half voltage point on the leading
edge of the first constituent pulse of the rigptransmission.

171.051.3.5.4.4.3.2 DME/Pt IA mode.The time delaynustbe the interval from the half voltage point on the
leading edge of the first constituent pulse of the interrogation pulse pair to the half voltage point
on the leading ede of the first constituent pulse of the reply pulse pair.

171.051.3.5.4.4.3.3 DME/Pt FA modeThe time delaynustbe the interval from the virtual origin of the first
constituent pulse of the interrogation pulse pair to the virtual origin of the first constituent pulse
of the reply pulse pair. The time of arrival measurement pointsst be within the partial rie
time of the first constituent pulse of the pulse pair in each case.

171.0513.5.4.4.4 DME/N.Transpondersnaybe sited as near to the point at which zero indication is required
as is practicable

ComplianceNote 11 It is desirable that the radius of the sphere at the surface of which zero

indication is given be kept as small as possible in order to keepotiee of ambiguity to a
minimum.
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ComplianceNote 21 Guidance material on siting DME with MLS is provided in 7.1.6 of
Attachment C and 5 of Attachment G. This guidance material sets forth, in particular, appropriate
steps to be taken to prevent differemero range indication if DME/P associated with MLS and
DME/N associated with ILS serve the same runway.

171.051.3.5.4.5 Accuracy

171.051.3.5.4.5.1 DME/N.The transpondemust not contribute more than plus or minus 1 microsecond (150
m (500 ft)) to the overall system error.

171.0513.5.4.5.1.1 DME/N The contribution to the total system error due to the combination of the
transponder errors, transpondelocation coordinate errors, propagation effects and random
pulse interference effectmaybe not greater than plus or minus 340 m (0.183 NM) plus 1.25 per
cent of distance measure

Compliance Not&his error contribution limit includes errors from all causes except the airborne
equipment, and assumes that the airborne equipment messtime delay based on the first
constituent pulse of a pulse pair.

171.051.3.5.4.5.1.2 DME/N The combination of the transponder errors, transponder location coordinate errors,
propagation effects and random pulse interference effentsstnot contribute more than plus or
minus 185 m (0.1 NM) to the overall system error.

Compliance Noterhis error contribution limit includes errors from all causes except the airborne
equipment, and assumes that the airborne equipment measures time delay based on the first
constituent pulse of a pulse pair.

171.051.3.5.4.5.2 DME/N.A transponder asociated with a landing aichustnot contribute more than plus or
minus 0.5 microsecond (75 m (250 ft)) to the overall system error.

171.051.3.5.4.5.3 DME/Pt1 FA mode
171.051.3.5.4.5.3.1 Accuracy standard Trhe transpondemust not contribute more than plus or minus 10 m

(plus or minus 33 ft) PFE and plus or minus 8 m (plus or minus 26 ft) CMN to the overall system
error.
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171.051.3.5.4.5.3.2 Accuracy standard Z'he transpondemustnot contribute more than plus or minus m
(plus or minus 16 ft) PFE and plus or minus 5 m (plus or minus 16 ft) CMN to the overall system
error.

171.051.3.5.4.5.4 DME/Pt IA modeThe transpondemustnot contribute more than plus or minus 15 m (plus
or minus 50 ft) PFE and plus or minus 10 m (plus or minus 33 ft) CMN to the overall system error.

171.0513.5.4.5.5 When a DME is associated with an MLS angle facility, the aboueaagmay include the
error introduced by the first pulse detection due to the pulse spacing tolerances

171.051.3.5.4.6 Efficiency

171.051.3.5.4.6.1 The transponder reply efficiemaystbe at least 70 per cent for DME/N and DME/P (1A mode)
and 80 per cent for DME/P (FA mode) at all values of transponder loading up to the loading
corresponding to 171.051.3.5.3.5 and at the minimum sensitivity level specified in
171.051.3.5.4.2.3.1 and71.051.3.5.4.2.3.5.

Compliance Note/Vhen considering the transponder reply efficiency value, account is to be taken
of the DME dead time and of the loading introduced by the monitoring function.

171.051.3.5.4.6.2 Transponder dead tim&he transpondemustbe rendered inoperative for a period normally
not to exceed 60 microseconds after a valid interrogation decode has occurred. In extreme cases
when the geographical site of the transponder is such as to produce undesirable reflection
problems, the dead time may be increased but only by the minimum amount necessary to allow
the suppression of echoes for DME/N and DME/P 1A mode.

171.051.3.5.4.6.2.1 In DME/P the IA mode dead timestnot blank the FA mode channel and vicesae

171.051.3.5.4.7 Monitoring and control

171.0513.5.4.7.1 Meanswustbe provided at each transponder site for the automatic monitoring and control
of the transponder in use.

171.051.3.5.4.7.2 DME/N monitoring action

171.0513.5.4.7.2.1 In the event that any of the conditions specifiel/ih051.3.5.4.7.2.2 occur, the monitor
mustcause the following action to take place:
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a) a suitable indicatiomustbe given at a control point;

b) the operating transpondemustbe automatically switched off; and

c) the standby transponder, if providedyustbe automatically placed in operation.

171.051.3.5.4.7.2.2 The monitenustcause the actions specified 171.051.3.5.4.7.2.1 if:

a) the transponder delay differs from the assigned value by 1 microsecond (150 m (500 ft)) or
more;

b) in the case of a DME/N associated with a landing aid, the transponder delay differs from the
assigned value by 0.5 microsecond (75 m (250 ft)) or more.

171.051.3.5.4.7.2.3 The monitormay cause the actions specified in 3.5.4.7.2.1 if the spacing between the first
and second pulse of the transponder pulse pair differs from the nominal value specified in the
table followingl171.051.3.5.4.4.1 by 1 microsecond or more.

171.051.3.5.4.7.2.4 The monitormayalso cause a suitable indication to be given at a control point if any of the
following conditions arise:

a) a fall of 3 dB or more in transponder transmitted power output;

b) a fall of 6 dB or more in the minimum transponder receiver sensitivity (provided that this is not
due to the action of the receiver automatic gain reduction circuits);

c) the spacing between the first and second pulse of the transponder reply pulse fiietis fiiom
the normal value specified in 3.5.4.1.4 by 1 microsecond or more;

d) variation of the transponder receiver and transmitter frequencies beyond the control range of
the reference circuits (if the operating frequencies are not directly crystarotbed).

171.0513.5.4.7.2.5 Meansustbe provided so that any of the conditions and malfunctioning enumerated in
171.051.3.5.4.7.2.2,171.051.3.5.4.7.2.3 and171.051.3.5.4.7.2.4 which are monitored can
persist for a certain period before the monitor takes action. This penagt be as low as

90



> TECHNICAL STANDARDS
/ NamibiaCivil AviationAuthority - (NAMCATS)
” Safety Division
NAA Part171 ATELg Volume 1

practicable, bumustnot exceed 10 seconds, consistent with the need for avoiding interruption,
due to transient effets, of the service provided by the transponder.

171.0513.5.4.7.2.6 The transpondenust not be triggered more than 120 times per second for either
monitoring or automatic frequency control purposes, or both.

171.051.3.5.4.7.3 DME/P nmatoring action

171.051.3.5.4.7.3.1 The monitor systamustcause the transponder radiation to cease and provide a warning
at a control point if any of the following conditions persist for longer than the period specified:

a) there is a change in transponder PFE that exceeds the limits specified in either
171.051.3.5.4.5.3 0r171.051.3.5.4.5.4 for more than one second. If the FA mode limit is
exceeded, but the 1A mode limit is maintained, the IA mode may remain operative;

b) there is a reduction in the EIRP to less than that necessary to satisfy the requirements specified
in171.051.3.5.4.1.5.3 for a period of more than one second;

c) there is a reduction of 3 dB or more in the transponder sensitivity necessary to satisfy the
requirements specified ih71.051.3.5.4.2.3 for a period of more than five seconds in FA mode
and ten seconds in IA mode (provided that this is not due to the action of the receiver
automatic sensitivity reduction circuits);

d) the spacing between therit and second pulse of the transponder reply pulse pair differs from
the value specified in the table ¥v1.051.3.5.4.4.1 by 0.25 microsecond or more for a period
of more than one second.

171.0513.5.4.7.32 The monitormay cause a suitable indication to be given at a control point if there is an
increase above 0.3 microseconds or a decrease below 0.2 microseconds of the reply pulse partial
rise time which persists for more than one second.

171.051.3.5.4.7.3.3 The period during which erroneous guidance information is radiaisthot exceed the
periods specified if'71.051.3.5.4.7.3.1. Attempts to clear a fault by resetting the primary ground
equipment or by switching to standby ground equipment, if fittedistbe completed within this
time. If the fault is not cleared within the time allowed, the radiatroostcease. After shutdown,
no attemptmustbe made to restore service until a period of 20 seconds has elapsed.
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171.0513.5.4.7.3.4 The transpondsetustnot be triggered for monitoring purposes more than 120 times per
second in the IA mode arkb0 times per second in the FA mode.

171.0513.5.4.7.3.5 DME/N and DME/P monitor failurdzailure of any part of the monitor itsethust
automatically produce the same results as the malfunctioning of the element being monitored.

171.051.3.5.5 Technical characteristics of interrogator

Compliance Notefhe following subparagraphs specify only those interrogator paramefeich
must be defined to ensure that the interrogator:

a) does not jeopardize the effective operation of the DME system, e.g. by increasing transponder
loading abnormally; and

b) is capable of giving accurate distance readings

171.051.3.5.5.1 Transmitter

171.0513.5.5.1.1 Frequency of operatiorThe interrogatormust transmit on the interrogation frequency
appropriate to the assigned DME channel ($€&.051.3.5.3.3.3).

Compliance Notélhis specification does not preclude the use of airborne interrogators having less
than the total number of operating chaatls.

171.051.3.5.5.1.2 Frequency stabilityThe radio frequency of operatianustnot vary more than plus or minus
100 kHz from the assigned value.

171.051.3.5.5.1.3 Pulse shape and spectruiirhe followingnustapply to all radiategulses:
a) Pulse rise time.
1) DME/N.Pulse rise timenustnot exceed 3 microseconds.
2) DME/P Pulse rise timenustnot exceed 1.6 microseconds. For the FA mode, the poisst
have a partial rise time of 0.25 plus or minus 0.05 microsecond. With respect to the FA mode

and accuracy standard 1, the slope of the pulse in the partial risentiostnot vary by more
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than plus or minus 20 per cent. For accuracy standard 2 tpeshust not vary by more
than plus or minus 10 per cent.

3) DME/P Pulse rise timenaynot exceed 1.2 microseconds
b) Pulse duratiormustbe 3.5 microseconds plus or minus 0.5 microsecond.
c) Pulse decay timeustnominally be 2.5 microseconds, bmustnot exceed 3.5 microseconds.

d) The instantaneous amplitude of the pulsaist not, at any instant between the point of the
leading edge which is 95 per cent of maximum amplitude and the point of the trailing edge
which is 95 per cent of the maximum amplitude, fall below a value which is 95 per cent of the
maximum voltage amplitude of the pulse.

e) The spectrum of the pulse motited signamustbe such that at least 90 per cent of the energy
in each pulsenustbe within 0.5 MHz in a band centred on the nominal channel frequency.

f) To ensure proper operation of the thresholding technigues, the instantaneous magnifude o
any pulse turron transients which occur in time prior to the virtual origihust be less than
one per cent of the pulse peak amplitude. Initiation of the tamprocessnustnot commence
sooner than 1 microsecond prior to the virtual origin.

ComplianceNote 1The lower limit of pulse rise time (s&@1.051.3.5.5.1.3 a)) and decay time
(seel71.051.3.5.5.1.3 ¢)) are governed by the spectrum requiremeafsli®51.3.5.5.1.3 e).

ComplianceNote 2While 171.051.3.5.5.1.3 e)alls for a practically attainable spectrum, it is
desirable tostrive for the following spectrum control characteristics: the spectrum of the pulse
modulated signal is such that the power contained in a 0.5 MHz band centred on frequencies 0.8
MHz above ad 0.8 MHz below the nominal channel frequency is, in each case, at least 23 dB
below the power contained in a 0.5 MHz band centred on the nominal channel frequency. The
power contained in a 0.5 MHz band centred on frequencies 2 MHz above and 2 MHz below th
nominal channel frequency is, in each case, at least 38 dB below the power contained in a 0.5 MHz
band centred on the nominal channel frequency. Any additional lobe of the spectrum is of less
amplitude than the adjacent lobe nearer the nominal chanregjdency.

171.051.3.5.5.1.4 Pulse spacing
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171.051.3.5.5.1.4.1 The spacing of the constituent pulses of transmitted pulsenpastde as given in the
table in171.051.3.5.4.4.1.

171.051.3.5.5.1.4.2 DME/N.The tolerance on the psé spacingnustbe plus or minus 0.5 microsecond.
171.051.3.5.5.1.4.3 DME/N.The tolerance on the pulse spacimgybe plus or minus 0.25 microsecand
171.051.3.5.5.1.4.4 DME/P.The tolerance on the pulse spacimgistbe plus or minus 0.25 microsecond.

171.0513.5.5.1.4.5 The pulse spacingstbe measured between the half voltage points on the leading edges
of the pulses.

171.051.3.5.5.1.5 Pulse repetitiofrequency

171.0513.5.5.1.5.1 The pulse repetition frequemaystbe as specified ih71.051.3.5.3.4.

171.051.3.5.5.1.5.2 The variation in time between successive pairs of interrogation pulsése sufficient to
prevent falsedck-on.

171.051.3.5.5.1.5.3 DME/P In order to achieve the system accuracy specifiel’/ih051.3.5.3.1.4, the variation
in time between successive pairs of interrogation pulsesst be sufficiently random to
decorrelate high frequency multipiaerrors.

Compliance Not&uidance on DME/P multipath effects is given in Attachment C, 7.3.7.

171.051.3.5.5.1.6 Spurious radiationDuring intervals between transmission of individual pulses, the spurious
pulse power received and measured in a receiver having the same characteristics of a DME
transponder receiver, but tuned to any DME interrogation or reply frequancgtbe more than
50 dB below the peak pulse power received and measured in the same receiver tuned to the
interrogation frequency in use during the transmission of the required pulses. This pravis&hn
apply to all spurious pulse transmissions. The spur@ispower radiated from the interrogator
on any DME interrogation or reply frequeneystnot exceed 20 microwatts (minus 47 dBW).

Compliance NoteAlthough spurious CW radiation between pulses is limited to levels not
exceeding minus 47 dBWrovidersare cautioned that where DME interrogators and secondary
surveillance radar transponders are employed in the same aircraft, it may be necessary to provide
protection to airborne SSR in the band 1 015 MHz to IMH5. This protection may be prded
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by limiting conducted and radiated CW to a level of the order of minus 77 dBW. Where this level
cannot be achieved, the required degree of protection may be provided in planning the relative
location of the SSR and DME aircraft antennas. It is to tegl tloat only a few of these frequencies

are utilized in the VHF/DME pairing plan.

171.0513.5.5.1.7 The spurious pulse power received and measured under the conditions stated in
171.051.3.5.5.1.6maybe 80 dB below the required peak pulse power received.

Compliance NoteReferencel71.051.3.5.5.1.6 andl71.051.3.5.5.1.7t although limitation of
spurious CW radiation between pulses to levels not exceeding 80 dB below the peak pulse power
received is recommendeBrovidersare cautioned that where users employ airborne secondary
surveillance radar transponders the same aircraft, it may be necessary to limit direct and
radiated CW to not more than 0.02 microwatt in the frequency band 1 015 MHz to 1 045 MHz. It
is to be noted that only a few of these frequencies are utilized in the VHF/DME pairing plan.

171.051.3.5.5.1.8 DME/P.The peak EIRMRustnot be less than that required to ensure the power densities in
171.051.3.5.4.2.3.1 under all operational weather conditions.

171.051.3.5.5.2 Time delay

171.051.3.5.5.2.1 The time delayustbe consistent with the table i©71.051.3.5.4.4.1.

171.051.3.5.5.2.2 DME/N.The time delaynustbe the interval between the time of the half voltage point on
the leading edge of the second constituent interrogation pulse and the time at which the distance
circuits reach the condition corresponding to zero distance indication.

171.051.3.5.5.2.3 DME/N.The time delaynustbe the interval between the time of the half voltage point on
the leading edge of the first constituent interrogation pulse and the time at which the distance
circuits reach the condition corresponding to zero distancécatibn.

171.0513.5.5.2.4 DME/Pt IA modeThe time delaynustbe the interval between the time of the half voltage
point on the leading edge of the first constituent interrogation pulse and the time at which the
distance circuits reach the cdition corresponding to zero distance indication.

171.0513.5.5.2.5 DME/PT FA modeThe time delaymustbe the interval between the virtual origin of the
leading edge of the first constituent interrogation pulse and the time at which therdistaircuits
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reach the condition corresponding to zero distance indication. The time of amiual be
measured within the partial rise time of the pulse.

171.051.3.5.5.3 Receiver

171.051.3.5.5.3.1 Frequency of operatio.he receiver catre frequencymust be the transponder frequency
appropriate to the assigned DME operating channel (s€2051.3.5.3.3.3).

171.051.3.5.5.3.2 Receiver sensitivity

171.0513.5.5.3.2.1 DME/N.The airborne equipment sensitivityjust be sufficient to acquire and provide
distance information to the accuracy specifiedlinl.051.3.5.5.4 for the signal power density
specified inl71.051.3.5.4.1.5.2.

Compliance NoteAlthough the Standard ith71.051.3.5.5.3.2.1 is foDME/N interrogators, the
receiversensitivity is better than that necessary in order to operate with the power density of
DME/Ntransponders given ih171.051.3.5.4.1.5.1 in order to assure interoperability with the IA
mode ofDME/P transponders.

171.0513.5.5.3.2.2 DME/P.The airborne equipment sensitivityust be sufficient to acquire and provide
distance information to the accuracy specifiedifi..051.3.5.5.4.2 and.71.051.3.5.5.4.3 for the
signal power densities specified1@1.051.3.54.1.5.3.

171.051.3.5.5.3.2.3 DME/N.The performance of the interrogatonustbe maintained when the power density
of the transponder signal at the interrogator antenna is between the minimum values given in
171.051.3.5.4.1.5 and a maximum of minus 18 dBW/m

171.051.3.5.5.3.2.4 DME/P.The performance of the interrogatenust be maintained when the power density

of the transponder signal at the interrogator antenna is between the minimum values given in
171.051.3.5.4.1.5 and a maximum of minus 18 dBW./m

171.051.3.5.5.3.3 Bandwidth

171.051.3.5.5.3.3.1 DMEN. The receiver bandwidtmustbe sufficient to allow compliance with 3.5.3.1.3, when
the input signals are those specifiedlinl.051.3.5.4.1.3.
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171.051.3.5.5.3.3.2 DME/Pt IA mode.The receiver bandwidtmust be sufficient to allow comliance with
171.051.3.5.3.1.3 when the input signals are those specified7t.051.3.5.4.1.3. The 12B
bandwidthmustnot exceed 2 MHz and the @B bandwidthmustnot exceed 10 MHz.

171.051.3.5.5.3.3.3 DME/Pt FA modeThe receiver bandwidtimust be sufficient to allow compliance with
171.051.3.5.3.1.3 when the input signals are those specified74.051.3.5.5.1.3. The 12B
bandwidthmustnot exceed 6 MHz and the &B bandwidthmustnot exceed 20 MHz

171.051.3.5.5.3.4 Interference rejection

171.0513.5.5.3.4.1 When there is a ratio of desired to undesiredhannel DME signals of at least 8 dB at the
input terminals of the airborne receiver, the interrogatmust display distancénformation and
provide unambiguous identification from the stronger signal.

Compliance NoteCochannel refers to those reply signals that utilize the same frequency and the
same pulse pair spacing.

171.051.3.5.5.3.4.2 DME/N.DME signals greater than 900 kHz removed from the desired channel nominal
frequency and having amplitudes up to dB above the threshold sensitivityustbe rejected.

171.051.3.5.5.3.4.3 DME/P.DME signals greater than 900 kHz removed from the desired channel nominal
frequency and having amplitudes up to 42 dB above the threshold sensitivittbe rejected.

171.051.3.5.5.3.5 Decoding

171.051.3.5.5.3.5.1 The interrogatarustinclude a decoding circuit such that the receiver can be triggered only
by pairs of received pulses having pulse duration and pulse spacings appropriate to transponder
signals as described 171.051.3.5.4.1.4.

171.0513.5.5.3.5.2 DME/N1 Decaler rejection.A reply pulse pair with a spacing of plus or minus 2
microseconds, or more, from the nominal value and with any signal level up to 42 dB above the
receiver sensitivitynustbe rejected.

171.0513.5.5.3.5.3 DME/P1 Decoder rejeatin. A reply pulse pair with a spacing of plus or minus 2
microseconds, or more, from the nominal value and with any signal level up to 42 dB above the

receiver sensitivitynustbe rejected.
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171.051.3.5.5.4 Accuracy

171.051.3.5.5.4.1 DME/N The interrogatomustnot contribute more than plus or minus 315 m (plus or minus
0.17 NM) or 0.25 per cent of indicated range, whichever is greater, to the overall system error.

171.051.3.5.5.4.2 DME/Pt A mode.The interrogatomustnot contribute more than plus or minus 30 m (plus
or minus 100 ft) to the overall system PFE and not more than plus or minus 15 m (plus or minus
50 ft) to the overall system CMN.

171.051.3.5.5.4.3 DME/Pt FA mode

171.051.3.5.5.4.3.1 Accuracy standard Ihe interrogatormust not contribute more than plus or minus 15 m
(plus or minus 50 ft) to the overall system PFE and not more than plus or minus 10 m (plus or
minus 33 ft) to the overaystem CMN.

171.051.3.5.5.4.3.2 Accuracy standard Zhe interrogatormust not contribute more than plus or minus 7 m
(plus or minus 23 ft) to the overall system PFE and not more than plus or minus 7 m (plus or minus

23 ft) to the overall systm CMN.

Compliance NoteGuidance material on filters to assist in achieving this accuracy is given in
Attachment C, 7.3.4.

171.0513.5.5.4.4 DME/P.The interrogatormust achieve the accuracy specified i@1.051.3.5.3.1.4 with a
sydem efficiency of 50 per cent or more.

Compliance NoteGuidance material on system efficiency is given in Attachment C, 7.1.1.

171.051.3.6 Specification for emoute VHF marker beacons (75 MHz)

171.051.3.6.1 Equipment

171.0513.6.1.1 FrequenciesThe emissions of an ewwute VHF marker beacanusthave a radio frequency of
75 MHz plus or minus 0.005 per cent.

171.051.3.6.1.2 Characteristics of emissions
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171.0513.6.1.2.1 Ri#o marker beaconmustradiate an uninterrupted carrier modulated to a depth of not less
than 95 per cent or more than 100 per cent. The total harmonic content of the moduliaicsh
not exceed 15 per cent.

171.0513.6.1.2.2 The frequenoy the modulating tonamustbe 3 000 Hz plus or minus 75 Hz.
171.0513.6.1.2.3 The radiatianustbe horizontally polarized.

171.051.3.6.1.2.4 Identification.If a coded identification is required at a radio marker beacon, the modulating
tone must be keyed so as to transmit dots or dashes or both in an appropriate sequence. The
mode of keyingmust be such as to provide a danddash duration togethemwith spacing
intervals corresponding to transmission at a rate equivalent to approximately six to ten words per
minute. The carriemustnot be interrupted during identification.

171.051.3.6.1.2.5 Coverage and radiation pattern

Compiance Note:The coverage and radiation pattern of marker beacons will ordinarily be
established b ontractingProviderson the basis of operational requirements, taking into account
recommendations of regional meetings.

The most desirable radiation fiarn would be one that:

a) in the case of fan marker beacons, results in lamp operation only when the aircraft is within a
rectangular parallelepiped, symmetrical about the vertical line through the marker beacon and
with the major and minoaxes adjusted in accordance with the flight path served;

b) in the case of a Z marker beacon, results in lamp operation only when the aircraft is within a
cylinder, the axis of which is the vertical line through the marker beacons.

In practice, the production of such patterns is impracticable and a comprondiisgioa pattern

is necessary. In Attachment C, antenna systems currently in use and which have proved generally
satisfactory are described for guidance. Such designs and any new designs providing a closer
approximation to the most desirable radiation patteoutlined above will normally meet
operational requirements.
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171.051.3.6.1.2.6 Determination of coveragd.he limits of coverage of marker beaconsstbe determined on

the basis of the field strength specifiedliil.051.3.1.7.3.2.

171.(6.1.3.6.1.2.7 Radiation patternThe radiation pattern of a marker beacon normatigy be such that the

polar axis is vertical, and the field strength in the pattern is symmetrical about the polar axis in
the plane or planes containing the flight paths for which the marker beacon is intended

Compliance NoteDifficulty in siting certain marker beacons may make it necessary to accept a
polar axis that is not vertical.

171.051.3.6.1.3 Monitoring. For each marker beacon, suitable monitoring equipmmiaty be provided which

will show at an appropriate location
a) a decrease in radiated carrier power below 50 per cent of normal;
b) a decrease of modulation depth below 70 per cent;

c) a failure of keying.

171.051.3.7 Requirements for the Global Ngation Satellite System (GNSS)

171.051.3.7.1 Definitions

Aircraft-based augmentation system (ABASAn augmentation system that augments and/or
integrates the information obtained from the other GNSS elements with information available on
board the aircraft.

Alert. An indication provided to other aircraft systems or annunciation to the pilot to ifietitat
an operating parameter of a navigation system is out of tolerance.

Alert limit. For a given parameter measurement, the error tolerance not to be exceeded without
issuing an alert.
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Antenna port. A point where the received signal power is specified. For an active antenna, the
antenna port is a fictitious point between the antenn@mlents and the antenna pramplifier.
For a passive antenna, the antenna port is the output of the antenna itself.

Axial ratio. The ratio, expressed in decibels, between the maximum output power and the
minimum output power of an antenna to an inciddiriearly polarized wave as the polarization
orientation is varied over all directions perpendicular to the direction of propagation.

Channel of standard accuracy (CSAhe specified level of positioning, velocity and timing
accuracy that is available tny GLONASS user on a continuous, worldwide basis.

Core satellite constellation(s)The core satellite constellations are GPS and GLONASS.

Global navigation satellite system (GNS8)worldwide position and time determination system
that includes me or more satellite constellations, aircraft receivers and system integrity
monitoring, augmented as necessary to support the required navigation performance for the
intended operation.

Global navigation satellite system (GLONASH)e satellite navigeoon system operated by the
Russian Federation.

Global positioning system (GRSThe satellite navigation system operated by the United
Providers

GNSS position erroffhe difference between the true position and the position determined by
the GNSS receiver.

Groundbased augmentation system (GBA3h augmentation system in which the user receives
augmentation information directly from a grourzhsed transmitter.

Groundbased regional augmentation system (GRAS). augmentation system in which the user
receives augmentation information directly from one of a group of grebased transmitters
covering a region.

Integrity. A measure of the trust that can be pladedhe correctness of the information supplied

by the total system. Integrity includes the ability of a system to provide timely and valid warnings
to the user (alerts).
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Pseuderange. The difference between the time of transmission by a satelliteracéption by a
GNSS receiver multiplied by the speed of light in a vacuum, including bias due to the difference
between a GNSS receiver and satellite time reference.

Satellite-based augmentation system (SBAS)wide coverage augmentation system in witice
user receives augmentation information from a satellitgsed transmitter.

Standard positioning service (SPEhe specified level of positioning, velocity and timing accuracy
that is available to any global positioning system (GPS) user oniawmums, worldwide basis.

Timeto-alert. The maximum allowable time elapsed from the onset of the navigation system
being out of tolerance until the equipment enunciates the alert.

171.051.3.7.2 General

171.051.3.7.2.1 Functions
171.051.3.7.2.1.1 The GN®4ust provide position and time data to the aircraft.

Compliance Notefhese data are derived from pseddmge measurements between an aircraft
equipped with a GNSS receiver and various signal sources on satellites or on the ground.

171.051.3.7.2.2 GNSS elements

171.0513.7.2.2.1 The GNSS navigation semviast be provided using various combinations of the following
elements installed on the ground, on satellites and/or on board the aircraft:

a) Global Positioning System (GPS) that provides the Standard Positioning Service (SPS) as defined
in171.051.3.7.3.1;

b) Global Navigation Satellite System (GLONASS) that provides the Channel of Standard Accuracy
(CSA) navigation signal as defined1.051.3.7.3.2;

c) aircraftbased augmentation system (ABAS) as definddin051.3.7.3.3;
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d) satellitebased augmentation system (SBAS) as definéd@1n051.3.7.3.4;
e) groundbased augmentation system (GBAS) as defind@i1n051.3.7.3.5;
f) groundbased regional augmentation system (GRAS) as defirBdli051.3.7.3.5; and

g) aircraft GNS&:ceiver as defined ih71.051.3.7.3.6.

171.051.3.7.2.3 Space and time reference

171.051.3.7.2.3.1 Space referencd he position information provided by the GNSS to the naestbe expressed
in terms of the World Geodetic Systam1984 (WGS4) geodetic reference datum.

CompliancéNote 1.SARPs for W&8 are contained iNAM-CATSAIS, Part 175.09NAM-CATS
ATS, Part 17NAM-CATAG, Partl39, andNAM-CATRAIS Part 175

ComplianceNote 2.1f GNSS elements using other than W3 Scoordinates are employed,
appropriate conversion parameters are to be applied.

171.051.3.7.2.3.2 Time referenceThe time data provided by the GNSS to the usestbe expressed in a time
scale that takes theCoordinated Universal Tim@JTC) as reference.

171.051.3.7.2.4 Signah-space performance

171.0513.7.2.4.1 The combination of GNSSrednts and a faulfree GNSS user receivaustmeet the signal
in-space requirements defined in Table 3.7-2.focated at the end of section 3.7).

CompliancéNote 1.The concept of a fauftee user receiver is applied only as a means of dgfini
the performance of combinations of different GNSS elements. Therilteceiver is assumed
to be a receiver with nominal accuracy and titoealert performance. Such a receiver is assumed
to have no failures that affect the integrity, availabilitydacontinuity performance.
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CompliancéNote 2.For GBAS approach service (as defined in Attachment D, 7.1.2.1) intended to
support approach and landing operations using Category Ill minima, performance requirements
are defined that apply in addition to the signaispace requirements defined in TaBl&.2.41.

171.051.3.7.3 GNSS elements specifications
171.051.3.7.3.1 GPS Standard Positioning Service (SPS) (L1)
171.051.3.7.3.1.1 Space and control segment accuracy
Compliance Notefhe following accuracy standards do natlude atmospheric or receiver errors
as described in Attachment D, 4.1.2. They apply under the conditions specified in Appendix B,

3.1.3.1.1.

171.051.3.7.3.1.1.1 Positioning accuracyrhe GPS SPS position erracsstnot exceed the following limits:

Global average Worst site
95% of 95% of
the time the time
Horizontal position error 9 m (30 f1) 17 m (56 ft)
Vertical position error 15 m (49 ft) 37m (121 ft)

171.051.3.7.3.1.1.2 Time transfer accuracyrhe GPS SPS time transfer ermustnot exceed 40 nanoseconds
95 per cent of the time.

171.051.3.7.3.1.1.3 Range domain accuracyhe range domain erranustnot exceed the following limits:

a) range error of any satellite 30 m (100 ft) with reliability specified #v1.051.3.7.3.1.3;

b) 95th percentile range rate error of any satellite 0.006 m (0.02 ft) per second (global
average);

c) 95th percentile range acceleration error of any sateliite0.002 m (0.006 ft) per second
squared (global average); and
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d) 95th percentile range error foany satellite over all time differences between time of data
generation and time of use of data 7.8 m (26 ft) (global average).

171.051.3.7.3.1.2 Availability The GPS SPS availabititystbe as follows:
%99 per cent horizontal servicevailability, average location (17 m 95 per cent threshold)
%99 per cent vertical service availability, average location (37 m 95 per cent threshold)
%90 per cent horizontal service availability, wecstse location (17 m 95 per cent threshold)
%90 per cent vertical service availability, wecstse location (37 m 95 per cent threshold)
171.051.3.7.3.1.3 Reliability The GPS SPS reliabitityst be within the following limits:
a) reliabilityt at least 99.94 per cent (global average); and
b) reliabilityt at least 99.79 per cent (worst single point average).
171.051.3.7.3.1.4 Probability of major service failuréhe probability that the user range error (URE) of any
satellite will exceed 4.42 times the upper bound on the user range accuracy (URA) broadcast by
that satellite without an alert received at the user receiver antenvithin 10 secondsust not
exceed 1x10per hour.
Compliance Notefhe different alert indications are described in the UritealiderdDepartment
of DefenseGlobal Positioning SystegStandard Positioning Servig@erformance Standardith

Edition, September 2008, Section 2.3.4.

171.051.3.7.3.1.5 Continuity.The probability of losing GPS SPS sigrshace (SIS) availability from a slot of the
nominal 24slot constellation due to unscheduled interruptiomust not exceed 2x1per hour.

171.0513.7.3.1.6 CoverageThe GPS Shtistcover the surface of the earth up to an altitude of 3 000
kilometres.

Compliance Note: Guidance material on GPS accuracy, availability, reliability aretage is
given in Attachment D, 4.1.
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171.051.3.7.3.1.7 Radio frequency (RF) characteristics

Compliance NotéDetailed RF characteristics are specified in Appendix B, 3.1.1.1.

171.051.3.7.3.1.7.1 Carrier frequencyEach GPS satelliteust broadcast an SPS signal at the carrier frequency
of 1 575.42 MHz (GPS L1) using code division multiple access (CDMA).

Compliance NoteA new civil frequency will be added to the GPS satellites and will be offered by
the UnitedProviderdor critical safetyof-life applications. SARPs for this signal may be developed
at a later date.

171.051.3.7.3.1.7.2 Signal spectrumThe GPS SPS signal pomest be contained within a £12 MHz band (1
563.42¢ 1 587.42 MHz) centred on the L1 frequency

171.051.3.7.3.1.7.3 Polarization The transmitted RF sigmalustbe righthand (clockwise) circularly polarized.

171.051.3.7.3.1.7.4 Signal power leveEach GPS satelliteustbroadcast SPS navigation signals with sufficient
power such that, at all unobstructed locations near the ground from which the satellite is
observed at an elevation angle of 5 degrees or higher, the level of the received RF signal at the
antenna port of a 3 dBi linearjyolarized antenna is within the rangé€¢158.5 dBW ta;153 dBW
for all antenna orientations orthogonal to the direction of propagation.

171.0513.7.3.1.7.5 Modulation The SPS L1 sigmalist be bipolar phase shift key (BPSK) modulated with a
pseudo random noise (PRN) 1.023 MHz coarse/acquisition (C/A) code. The C/A code sequence
mustbe repeated each millisecond. The transmitted PRN code sequeuastbe the Module2
addition of a ® bits per second navigation message and the C/A code.

171.051.3.7.3.1.8 GPS timeGPS timenustbe referenced to UTC (as maintained by the U.S. Naval
Observatory).

171.051.3.7.3.1.9 Coordinate systenirhe GPS coordinate systemustbe WGS34.

171.051.3.7.3.1.10 Navigation information The navigation data transmitted by the satellitasstinclude the
necessary information to determine:

a) satellite time of transmission;
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b) satellite position;

c) satellite health;

d) satellite clock correction;
e) propagation delay effects;
f) time transfer to UTC; and
g) constellation status.

Compliance NoteStructure and contents of data are specified in Appendix B, 3.1.1.2 and 3.1.1.3,
respectively.

171.051.3.7.3.2 GLONASS Channel of Standard Accuracy (CSA) (L1)

Compliance Noteln this section, the term GLONASS refers to all satellite® inatstellation.
Standards relating only to GLONA&Satellites are qualified accordingly.

171.051.3.7.3.2.1 Space and control segment accuracy

Compliance Notefhe following accuracy Standards do not include atmospheric or receiver errors
as described in Attachment D, 4.2.2.

171.051.3.7.3.2.1.1 Positioning accuracyrhe GLONASS CSA position emust not exceed the following

limits:
Global average Worst site
95% of the time 95% of the time
Horizontal position error Sm(17 fr) 12 m (40 ft)
Vertical position error 9m (29 ft) 25 m (97 ft)
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171.051.3.7.3.2.1.2 Time transfer accuracyThe GLONASS CSA time transfer emuarst not exceed 700
nanoseconds 95 per cent of the time.

171.051.3.7.3.2.1.3 Range domain accuracyhe range domain erranustnot exceed the following limits:
a) range error of any satellite 18 m (59.7 ft);
b) range rate error of any satellite 0.02 m (0.07 ft) per second;
c) range acceleration error of any satellite 0.007 m (0.023 ft) per second squared,;
d) root-meansguare range error over all satelliteas 6 m (19.9 ft).

171.051.3.7.3.2.2 Availability The GLONASS CSA availahilityt be as follows:
aAXKdPdp LISNI OSyid K2NARIT 2y idlf aSNBAOS | @FAtFoAf Al
by xdpp LISNI OSyid OGSNIAOIE aSNBAOS | GFAtroAfAGeX
ooxdn LISNI OSyd K2NRI 2 yitdsd locdtié® (N3 @5 Per tedtthieshold);A £ A
dyxdpn LISNI OSy il @SNI A Okabe lazabionl®s 0,95 gerd@enttiirdstola)f A G & =
171.051.3.7.3.2.3 Reliability The GLONASS CSA reliablitgt be within the following limits:

a) frequency of amajor service failurae not more than three per year for the constellation
(global average); and

b) reliabilityt at least 99.7 per cent (global average).

171.051.3.7.3.2.4 CoverageThe GLONASS Gfustcover the surface of the earth up to an altitude of 2 000
km.

Compliance Note: Guidance material on GLONASS accuracy, availability, reliability and
coverage is given in Attachment D, 4.2.
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171.051.3.7.3.2.5 RF characteristics

Complance Notet Detailed RF characteristics are specified in Appendix B, 3.2.1.1.

171.051.3.7.3.2.5.1 Carrier frequencyzach GLONASS satellitastbroadcast CSA navigation signal at its own
carrier frequency in the L1 (1.6 GHz) frequency bandguBiequency division multiple access
(FDMA).

CompliancéNote 1.GLONASS satellites may have the same carrier frequency but in this case they
are located in antipodal slots of the same orbital plane.

ComplianceNote 2. GLONASBEI satellites will broadcast an additional ranging code at carrier
frequencies in the L2 (1.2 GHz) frequency band using FDMA.

171.051.3.7.3.2.5.2 Signal spectrumGLONASS CSA signal pomvastbe contained within a £5.75 MHz band
centred on each GLONASS carrier frequency.

171.051.3.7.3.2.5.3 Polarization The transmitted RF signalustbe righthand circularly polarized.

171.0513.7.3.2.5.4 Signal power levelEach GLONASSedlite must broadcast CSA navigation signals with
sufficient power such that, at all unobstructed locations near the ground from which the satellite
is observed at an elevation angle of 5 degrees or higher, the level of the received RF signal at the
antenna port of a 3 dBi linearly polarized antenna is within the rangé&f dBW ta;155.2 dBW
for all antenna orientations orthogonal to the direction of propagation.

ComplianceNote 1.The power limit of 155.2 dBW is based on the predeterminedictaaistics
of a user antenna, atmospheric losses of 0.5 dB and an error of an angular position of a satellite
that does not exceed one degree (in the direction causing the signal level to increase).

CompliancéNote 2.GLONASB satellites will also broadcast a ranging code on L2 with sufficient
power such that, at all unobstructed locations near the ground from which the satellite is observed
at an elevation angle of 5 degrees or higher, the level of the receivegraFatithe antenna port

of a 3 dBi linearly polarized antenna is not less th@67 dBW for all antenna orientations
orthogonal to the direction of propagation.

171.051.3.7.3.2.5.5 Modulation
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171.0513.7.3.2.5.5.1 Each GLONASS satetlitet transmit at its carrier frequency the navigation RF signal
using a BPSKmodulated binary train. The phase shift keying of the cansébe performed at
" -radians with the maximum error £0.2 radian. The psewglodom code sequenceust be
repeated each millisecond.

171.051.3.7.3.2.5.5.2 The modulating navigation signakt be generated by the Modul2 addition of the
following three binary signals:

a) ranging code transmitted at 511 kbits/s;
b) navigation message transmitted at 50 bits/s; and
c) 100 Hz auxiliary meander sequence.

171.051.3.7.3.2.6 GLONASS tim&LONASS timmaustbe referenced to UTC(SU) (as maintained by the National
Time Sevice of Russia).

171.051.3.7.3.2.7 Coordinate systenirhe GLONASS coordinate systeustbe PZ90.

Compliance NoteConversion from the P2 coordinate system used by GLONASS to the8HGS
coordinates is defined in Appendix B, 3.2.5.2.

171.051.3.7.3.2.8 Navigation information.The navigation data transmitted by the satelliteust include the
necessary information to determine:

a) satellite time of transmission;
b) satellite position;

c) satellite health;

d) satellite clock correction;

e) time transfer to UTC; and

f) consellation status.
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Compliance Not&tructure and contents of data are specified in Appendix B, 3.2.1.2 and 3.2.1.3,
respectively.

171.051.3.7.3.3 Aircrafbased augmentation system (ABAS)

171.051.3.7.3.3.1 PerformanceThe ABAS function combined with one or more of the other GNSS elements and
both a faultfree GNSS receiver and fdulte aircraft system used for the ABAS functimnost
meet the requirements for accuracy, integrity, continuity and availability as stated in
171.0513.7.2.4.

171.051.3.7.3.4 Satellitebased augmentation system (SBAS)

171.051.3.7.3.4.1 PerformanceSBAS combined with one or more of tither GNSS elements and a faintie
receivermustmeet the requirements for system accuracy, integrity, continuity and availability for
the intended operation as stated 71.051.3.7.2.4, throughout the corresponding service area
(seel71.051.3.73.4.3).

Compliance NoteSBAS complements the core satellite constellation(s) by increasing accuracy,
integrity, continuity and availability of navigation provided within a service area, typically
including multiple aerodromes.

171.0513.7.3.41.1 SBAS combined with one or more of the other GNSS elements andfi@éardteivemust
meet the requirements for signdth-space integrity as stated 71.051.3.7.2.4, throughout the
SBAS coverage area.

Compliance Noteévlessage Types 27 or 28 can be used to comply with the integrity requirements
in the coverage area. Additional guidance on the rationale and interpretation of this requirement
is providedn Attachment D, 3.3.

171.051.3.7.3.4.2 FunctionsSBASnustperform one or more of the following functions:

a) ranging: provide an additional pseudange signal with an accuracy indicator from an SBAS
satellite 171.051.3.7.3.4.2.1 and Appendix B, 3.5.7.2);

b) GNSS satellite status: determine and transmit the GNSS satellite health status (Appendix B,
3.5.7.3);
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c) basic differential correction: provide GNSS satellite ephemeris and clock corrections (fast and
longterm) to be applied to the pseudeange measurements from satellites (Appendix B,
3.5.7.4); and

d) precise differential correction: determine and transmit the ionospheric corrections (Appendix
B, 3.5.7.5).

Compliance Notelf all the functions are providedSBAS in combination with core satellite
constellation(s) can support departure,-ente, terminal and approach operations including
Category | precision approach. The level of performance that can be achieved depends upon the
infrastructure incorporatednto SBAS and the ionospheric conditions in the geographic area of
interest.

171.051.3.7.3.4.2.1 Ranging

171.0513.7.3.4.2.1.1 Excluding atmospheric effects, the range error for the ranging signal from SBAS satellites
mustnot exceed 25 m (82 ft) (95 per cent).

171.0513.7.3.4.2.1.2 The probability that the range error exceeds 150 m (490 ft) in angnhsetnot exceed
10°°.

171.051.3.7.3.4.2.1.3 The probability of unscheduled outages of the ranging function from an SBAS satellite in
any hourmustnot exceed 16.

171.0513.7.3.4.2.1.4 The range rate erroustnot exceed 2n (6.6 ft) per second.
171.0513.7.3.4.2.1.5 The range acceleration emustnot exceed 0.019 m (0.06 ft) per secesguared.

171.051.3.7.3.4.3 Service areaAn SBAS service area for any approved type of operatist be a decleed
area within the SBAS coverage area where SBAS meets the corresponding requirements of
171.0513.7.2.4.

ComplianceNote 1.An SBAS system can have different service areas corresponding to different
types of operation (e.g. AHYCategory I, etc.).
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ComplianceNote 2.The coverage area is that area within which the SBAS broadcast can be
received (i.e. the geostationary s#ie footprints).

CompliancéNote 3.SBAS coverage and service areas are discussed in Attachment D, 6.2.

171.051.3.7.3.4.4 RF characteristics

Compliance NotéDetailed RF characteristics are specified in Appendix B, 3.5.2.
171.051.3.7.3.4.4.1 Carrier frequencyThe carrier frequencanustbe 1 575.42 MHz.

Compliance Not&fter 2005, when the upper GLONASS frequencies are vacated, another type of
SBAS may be introduced using some of these frequencies.

171.051.3.7.3.4.4.2 Signal spectrumAt least 95 per cent of the broadcast powrust be contained within a
+12 MHz band centred on the L1 frequency. The bandwidth of the signal transmitted by an SBAS
satellitemustbe at least 2.2 MHz.

171.051.3.7.3.4.4.3 SBAS satellitgsal power level

171.0513.7.3.4.4.3.1 Each SBAS satellite placed in orbit before 1 Januamzgbdoadcast navigation signals
with sufficient power such that, at all unobstructed locations near the ground from which the
satellite is obsered at an elevation angle of 5 degrees or higher, the level of the received RF signal
at the antenna port of a 3 dBi linearly polarized antenna is within the rang&6if dBW tog153
dBW for all antenna orientations orthogonal to the direction of propawat

171.0513.7.3.4.4.3.2 Each SBAS satellite placed in orbit after 31 Decemben@8stk®mply with the
following requirements:

a) The satellitemust broadcast navigation signals with sufficient power such that, at all
unobstructed loations near the ground from which the satellite is observed at or above the
minimum elevation angle for which a trackable GEO signal needs to be provided, the level of
the received RF signal at the antenna port of the antenna specified in Appendix BBB&hle
is at least;164.0 dBW.
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b) The minimum elevation angle used to determine GEO coveragenot be less than 5 degrees
for a user near the ground.

c) The level of a received SBAS RF signal at the antenna port of a 0 dBic antenna located near the
groundmustnot exceed;152.5 dBW.

d) The ellipticity of the broadcast sigrmalistbe no worse than 2 dB for the angular range of £9.1°
from boresight.

171.051.3.7.3.4.4.4 Polarization The broadcast signalustbe righthand circularly polarized.
171.051.3.7.3.4.4.5 Modulation. The transmitted sequenceustbe the Modulo2 addition of the navigation
message at a rate of 500 symbols per second and the 1 023 bit psendom noise code. hust

then be BPSkiodulated onto the carrier at a rate of 1.023 megachips per second.

171.051.3.7.3.4.5 SBAS netwd time (SNT)The difference between SNT and GPS timstnot exceed 50
nanoseconds.

171.051.3.7.3.4.6 Navigation information The navigation data transmitted by the satellitasist include the
necessary information to determine:

a) SBASatellite time of transmission;

b) SBAS satellite position;

c) corrected satellite time for all satellites;

d) corrected satellite position for all satellites;
e) ionospheric propagation delay effects;

f) user position integrity;

g) time transfer to UTC; and

h) service level status.
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Compliance Not&tructure and contents of data are specified in Appendix B, 3.5.3 and 3.5.4,
respectively.

171.0513.7.3.5 Groundbased augmentation system (GBAS) and greheskd regional augmentation system
(GRAS)

Compliance NoteExcept where specifically annotated, GBAS Standards and Recommended
Practices apply to GBAS and GRAS.

171.051.3.7.3.5.1 Perfomance GBAS combined with one or more of the other GNSS elements and-a&dault
GNSS receivanust meet the requirements for system accuracy, continuity, availability and
integrity for the intended operation as stated #v1.051.3.7.2.4 within theservice volume for
the service used to support the operation as defined71.051.3.7.3.5.3.
Compliance Note: GBAS is intended to support all types of approach, landing, guidedffake
departure and surface operations and may supporraunte and terminal operations. GRAS is
intended to support emoute, terminal, norprecision approach, departure, and apprbaeith
vertical guidance. The following SARPs are developed to support all categories of precision
approach, approach with vertical guidance, and a GBAS positioning service.
171.051.3.7.3.5.2 Functions GBASnhustperform the following functions
a) provide locally relevant pseud@nge corrections;
b) provide GBA®elated data;
c) provide final approach segment data when supporting precision approach;

d) provide predicted ranging source availability data; and

e) provide integrity monitoring for GNSS ranging sources.

171.051.3.7.3.5.3 Service volume
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171.051.3.7.3.5.3.1 General requirement for approach servicése minimum GBAS approach seewolume

must be as follows, except where topographical features dictate and operational requirements
permit:

a) laterally, beginning at 140 m (450 ft) each side of the landing threshold point/fictitious
threshold point (LTP/FTP) and projecting 885 degrees either side of the final approach path
to 28 km (15 NM) and £10 degrees either side of the final approach path to 37 km (20 NM);
and

b) vertically, within the lateral region, up to the greater of 7 degrees or 1.75 promulgated glide
path angle (GPA) above the horizontal with an origin at the glide path interception point (GPIP)
to an upper bound of 3 000 m (10 000 ft) height above thresidiiT) and 0.45 GPA above
the horizontal or to such lower angle, down to 0.30 GPA, as required, to safeguard the
promulgated glide path intercept procedure. The lower bound is half the lowest decision
height supported or 3.7 m (12 ft), whichever is larger

CompliancéNote 1.LTP/FTP and GPIP are defined in Appendix B, 3.6.4.5.1.

Compliance Not@: Guidance material concerning the approach service volume is provided in
Attachment D, 7.3.

171.051.3.7.3.5.3.2 Approach services supportiagtoland and guided takeff. The minimum additional GBAS

service volume to support approach operations that include automatic landing andutoll
including during guided takeff, must be as follows, except where operational requirements
permit:

a) Horizontally, within a sector spanning the width of the runway beginning at the stop end of the
runway and extending parallel with the runway centre line towards the LTP to join the
minimum service volume as describedLifil.051.3.7.3.5.3.1.

b) Vertically, between two horizontal surfaces one at 3.7 m (12 ft) and the other at 30 m (100 ft)
above the runway centre line to join the minimum service volume as described in
171.0513.7.3.5.3.1.

Compliance NoteGuidance material concerningdlapproach service volume is provided in
Attachment D, 7.3.
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171.051.3.7.3.5.3.3 GBAS positioning servicEhe service volume for the GBAS positioning senmviast be
where the data broadcast can be received and the positioning service meetsdgheements of
3.7.2.4 and supports the corresponding approved operations.

Compliance NoteGuidance material concerning the positioning service volume is provided in
Attachment D, 7.3.

171.051.3.7.3.5.4 Data broadcast characteristics

Compliance NoteRF characteristics are specified in Appendix B, 3.6.2.

171.0513.7.3.5.4.1 Carrier frequencyThe data broadcast radio frequencies usedst be selected from the
radio frequencies in the band 108 to 117.975 MHz. The $twassignable frequenaynust be
108.025 MHz and the highest assignable frequemmyst be 117.950 MHz. The separation
between assignable frequencies (channel spacgimggtbe 25 kHz.

ComplianceNote 1.Guidance material on VOR/GBAS frequency assignments and geographical
separation criteria is given in Attachment D, 7.2.1.

ComplianceNote 21 ILS/GBAS geographical separation criteria and geographical separation
criteria for GBAS and VHF communicasiervices operating in the 18137 MHz band are under
development. Until these criteria are defined and included in SARPs, it is intended that frequencies
in the band 112.05Q 117.900 MHz will be used.

171.051.3.7.3.5.4.2 Access techniqueé\ timedivision multiple access (TDMA) techniquest be used with a
fixed frame structure. The data broadcastistbe assigned one to eight slots.

Compliance Notefwo slots is the nhominal assignment. Some GBAS facilities that use multiple VHF
data broadcast (VDB) transmit antennas to improve VDB coverage may require assignment of
more than two time slots. Guidance on the use of multiple antennas is given in Attachment D,
7.12.4; some GBAS broadcast stations in a GRAS may use one time slot.

171.0513.7.3.5.4.3 Modulation GBAS datanust be transmitted as Jit symbols, modulating the data
broadcast carrier by D8PSK, at a rate of 10 500 symbols per second.

171.051.3.7.3.5.4.4 Data broadcast RF field strength and polarization
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ComplianceNote 1.GBAS can provide a VHF data broatlegith either horizontal (GBAS/H) or
elliptical (GBAS/E) polarization that employs both horizontal polarization (HPOL) and vertical
polarization (VPOL) components. Aircraft using a VPOL component will not be able to conduct
operations with GBAS/H equipmeRelevant guidance material is provided in Attachment D, 7.1.

ComplianceéNote 2.The minimum and maximum field strengths are consistent with a minimum
distance of 80 m (263 ft) from the transmitter antenna for a range of 43 km (23 NM).

ComplianceNote 3. When supporting approach services at airports with challenging VDB
transmitter siting constraints, it is acceptable to adjust the service volume when operational
requirements permifas stated in the service volume definition sectibr$.051.3.7.3.5.3.1 and
171.051.3.7.3.5.3.2). Such adjustments of the service volume may be operationally acceptable
when they have no impact on the GBAS service outside a radius of 80 m (263 ft) from the VDB
antenna, assuming a nominal effective isotropically reetiapower of 47dBm (Attachment D,
Table B3).

171.051.3.7.3.5.4.4.1 GBAS/H

171.0513.7.3.5.4.4.1.1 A horizontally polarized signaktbe broadcast.

171.0513.7.3.5.4.4.1.2 The effective isotropically radiated power (EiRRB) provide for a haorizontally
polarized signal with a minimum field strength of 215 microvolts per me®8 (IBW/n?) and a
maximum field strength of 0.879 volts per mete2{ dBWm?) within the GBAS service volume
as specified i171.051.3.7.3.5.3.1. The field strengthustbe measured as an average over the
period of the synchronization and ambiguity resolution field of the burst. Within the additional
GBAS service volumas specified in71.051.3.7.3.5.3.2, the effective isotropically radiated
power (EIRPhustprovide for a horizontally polarized signal with a minimum field strength of 215
microvolts per metred99 dBW/n¥) below 36 ft and down to 12 ft above the mvay surface and
650 microvolts per metreg89.5 dBW/nd) at 36 ft or more above the runway surface.

Compliance NoteGuidance material concerning the approach service volume is provided in
Attachment D, 7.3.

171.051.3.7.3.5.4.4.2 GBAS/E

171.051.3.7.3.5.4.4.2.1 An elliptically polarized signalaybe broadcast whenever practical
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171.0513.7.3.5.4.4.2.2 When an elliptically polarized signal is broadcast, the horizontally polarized component
mustmeet the requirements ir171.051.3.7.3.5.4.4.1.2, and the effective isotropically radiated
power (EIRPNust provide for a vertically polarized signal with a minimum field strength of 136
microvolts per metre{103 dBW/n%) and a maximum field strength of 0.555 volts per met&i(
dBW/m?) within the GBAS service volume. The field stremgtist be measured as an average
over the period of the synchronization and ambiguity resolution field of the burst.

171.051.3.7.3.5.4.5 Power transmitted in adjacent chanselThe amount opower during transmission under
all operating conditions when measured over a 25 kHz bandwidth centred or{ thdjaicent
channelmustnot exceed the values shown in Table 3.7-B.fiocated at the end of section 3.7).

171.051.3.7.3.5.4.6 Unwanted emissiondJnwanted emissions, including spurious and-ofiband emissions,

mustbe compliant with the levels shown in Table 3.7-3.@ocated at the end of section 3.7). The
total power in any VDB harmonic or discrete signaktnot begreater than¢53 dBm.

171.051.3.7.3.5.5 Navigation information The navigation data transmitted by GBA&stinclude the following
information:
a) pseudarange corrections, reference time and integrity data;
b) GBASelated data;
c) finalapproach segment data when supporting precision approach; and
d) predicted ranging source availability data.
Compliance NoteStructure and contents of data are specified in Appendix B, 3.6.3.

171.051.3.7.3.6 Aircraft GNSS receiver

171.0513.7.3.6.1 The aircraft GNSS receimastprocess the signals of those GNSS elements that it intends to
use as specifiechiAppendix B, 3.1 (for GPS), Appendix B, 3.2 (for GLONASS), Appendix B, 3.3 (for
combined GPS and GLONASS), Appendix B, 3.5 (for SBAS) and Appendix B, 3.6 (for GBAS an
GRAS).
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171.051.3.7.4 Resistance to interference

171.051.3.7.4.1  GNS8ustcomply with performance requirements defined1i71.051.3.7.2.4 and Appendix
B, 3.7 in the presence of the interference environment defined in Appendix B, 3.7.

Compliance NoteGPS and GLONASS operating in the frequency band ¢ 5590 MHz are
classified by the ITU as providing a radio navigation satellite service (RNSS) and aeronautical radio
navigation service (ARNS) and are afforded special spectrum protection statidSfer R order

to achieve the performance objectives for precision approach guidance to be supported by the
GNSS and its augmentations, RNSS/ARNS is intended to remain the only global allocation in the 1

559 ¢ 1 610 MHz band and emissions from systems ig dhd adjacent frequency bands are
intended to be tightly controlled by national and/or international regulation.

171.051.3.7.5 Database

Compliance NoteSARPs applicable to aeronautical data pmavided inNAM-CATSAIS,Part
175.09, NAM-CATSATS Part 172, NAMCATSAG,Part 139 and NAIGATSAISPart 175.

171.0513.7.5.1 Aircraft GNSS equipment that uses a datatnaséprovide a means to:
a) update the electronic navigation database; and

b) determine the Aeronautical Information Regulation and Control (AIRAC) effective dates of the
aeronautical database.

Compliance NoteGuidance material on the need for a current navigation database in aircraft

GNSS equipment is provided in Attachment D, 11.

Table 3.7.2.41  Signain-space performance requirements

120



f NamibiaCivil AviationAuthority - (NAMCATS)
’ Safety Division
NCAA Part171: ATEIG Volume 1
NAMIBLA CIVIL AVIATION AUTHORITY

Accuracy Accuracy

horizontal vertical

95% 95% Integrity Time-to-alert Continuity Availability

Typical operation (Notes 1 and 3) (Notes 1 and 3) (Note 2) (Note 3) (Note 4) (Note 5)
En-route 3.7km N/A 1-1x107/h 5 min 1-1x10"%h 0.99 to

2.0 NM) tol1-1x10"h 0.99999
En-route, 0.74 km N/A 1-1x107h 155 1-1x107h 0.99 to
Terminal (0.4 NM) t0l—1x10"%n 0.99999
Initial approach, 220m N/A 1—-1x107/ 10s 1-1x10"h 0.99 to
Intermediate approach, (720 ft) to1—1x10"%Nh 0.99999
Non-precision approach (NPA).
Departure
Approach operations with 16.0m 20m 1-2x107 10s 1-8x10° 0.99 to
vertical guidance (APV-I) (52 ft) (66 ft) in any perlSs 0.99999
(Note 8) approach
Approach operations with 16.0m 8.0 m 1-2x107 6s 1-8x107° 0.99 to
vertical guidance (APV-II) (52 ft) (26 ft) in any perlss 0.99999
(Note 8) approach
Category I precision approach 16.0 m 60mtod0m 1-2x107 6s 1-8x107° 0.99 to
(Note 7) (52 ft) (20 ft to 13 i) m any perlss 0.99999

(Note 6) approach

NOTES.

1. The 95th percentile values for GNSS position erradtarse required for the intended operation at the
lowest height above threshold (HAT), if applicable. Detailed requirements are specified in Appendix B
and guidance material is given in Attachment D, 3.2.

2. The definition of the integrity requirement inales an alert limit against which the requirement can be
assessed. For Category | precision approach, a vertical alert limit (VAL) greater than 10 m for a specific
system design may only be used if a systacific safety analysis has been completed. Furth
guidance on the alert limits is provided in Attachment D, 3.3.6 to 3.3.10. These alert limits are:
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Typical operation Horizontal alert limit Vertical alert limit
En-route (oceanic/continental 7.4 km N/A
low density) (4 NM)
En-route (continental) 3.7 km N/A
(2 NM)
En-route, 1.85 km N/A
Terminal (1 NM)
NPA 556 m N/A
(0.3 NM)
APV-I 40 m 50m
(130 ft) (164 ft)
APV-1I 40 m 200m
(130 ft) (66 ft)
Category I precision approach 40 m 35.0mto 10.0 m
(130 ft) (115 ft to 33 ft)

3. The accuracy and tir®-alert requirements include the nominal performance of a fdtde receiver.
4. Ranges of values are given for the continu@guirement for erroute, terminal, initial approach, NPA
and departure operations, as this requirement isdependent upon several factors including the intended
operation, traffic density, complexity of airspace and availability of alternative navigaticn &
lower value given is the minimum requirement for areas with low traffic density and airspace
complexity. The higher value given is appropriate for areas with high traffic density and airspace
complexity (see Attachment D, 3.4.2). Continuity requieais for APV and Category | operations apply
to the average risk (over time) of loss of service, normalized to-aeténd exposure time (see
Attachment D, 3.4.3).
. A range of values is given for the availability requirements as these requirements amedéap@pon
the operational need which is based upon severalfactors including the frequency of operations, weather
environments, the size and duration of the outages, availability of alternate navigation aids, radar
coverage, traffic density and reversiogaoperational procedures. The lower values given are the
minimum availabilities for which a system is considered to be practical but are not adequate to replace
non-GNSS navigation aids. Forrenite navigation, the higher values given are adequate for&tdde
the only navigation aid provided in an area. For approach and departure, the higher values given are
based upon the availability requirements at airports with a large amount of traffic assuming that
operations to or from multiple runways are affect but reversionary operational procedures ensure
the safety of the operation (see Attachment D, 3.5).
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6. A range of values is specified for Category | precision approach. The 4.0 m (13 feet) requirement is based
upon ILS specifications and represents a eorstive derivation from these specifications (see
Attachment D, 3.2.7).

7. GNSS performance requirements intended to support Category Il and Il precision approach operations
necessitate lower level requirements in thetechnical appendix (Appendix B, s8diijoio be applied in
addition to these signah-space requirements (see Attachment D, 7.5.1).

8. The terms APY¥ and APMI refer to two levels of GNSS approach and landing operations with vertical
guidance (APV) and these terms are not necessarily istial be used operationally.

Table 3.7.3.5l. GBAS broadcast power transmitted in adjacent channels

Channel Relative power Maximum power
1st adjacent —40 dBc 12 dBm

2nd adjacent —65 dBc —13 dBm

4th adjacent —74 dBc —22 dBm

8th adjacent —88.5 dBc -36.5 dBm
16th adjacent —-101.5dBc —49.5 dBm
32nd adjacent —105 dBe —53 dBm

64th adjacent —113 dBe —61 dBm

76th adjacent and beyond —115 dBe —63 dBm
NOTES —

1. The maximum power applies if the authorized transmitter power exceeds 150 W.
2. The relationship is linear between single adjacent points designated by the adjacent channels identified above.
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Table 3.7.3.82. GBAS broadcast unwanted emissions

Relative unwanted Maximum unwanted
emission level emission level
Frequency (Note 2) (Note 1)
9 kHz to 150 kHz -93 dBc —55 dBm/1 kHz
(Note 3) (Note 3)
150 kHz to 30 MHz —-103 dBe¢ -55 dBm/10 kHz
(Note 3) (Note 3)

30 MHz to 106.125 MHz —-115 dBe¢ —57 dBm/100 kHz
106.425 MHz —-113 dBe¢ —55dBm/100 kHz
107.225 MHz —-105 dBc —47 dBm/100 kHz
107.625 MHz —101.5 dBc —53.5 dBm/10 kHz
107.825 MHz —88.5 dBc —40.5 dBm/10 kHz
107.925 MHz —74 dBc¢ -36 dBmv/'1 kHz
107.9625 MHz -71 dBc —33 dBuv/'1 kHz
107.975 MHz —65 dBc -27 dBuv/'1 kHz
118.000 MHz —65 dBc -27 dBuv/'1 kHz
118.0125 MHz —71 dBc —33 dBm/1 kHz
118.050 MHz —74 dBc —36 dBm/1 kHz
118.150 MHz —88.5 dBc —40.5 dBm/10 kHz
118.350 MHz —-101.5 dBc —53.5 dBmv/10 kHz
118.750 MHz —-105 dBe¢ —47 dBm/100 kHz
119.550 MHz —-113 dBe¢ —55dBm/100 kHz

119.850 MHz to 1 GHz —115 dBe —57 dBm/100 kHz
1 GHz to 1.7 GHz —115 dBe —47 dBm/1 MHz

NOTES.—

1. The maximum uvnwanted emuission level (absolute power) applies if the authorized transmitter power exceeds
150 W.

2. The relative unwanted emission level 1s to be computed using the same bandwidth for desired and unwanted
signals. This may require conversion of the measurement for unwanted signals done using the bandwidth
mdicated in the maximum unwanted emission level column of this table.

3. This value is driven by measurement lumitations. Actual performance 1s expected to be better.

4. The relationship 1s linear between single adjacent points designated by the adjacent channels identified above.
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171.051.3.8 (Reserd)

171.051.3.9 Systencharacteristics of airborne ADF receiving systems

171.051.3.9.1 Accuracy of bearing indication

171.051.3.9.1.1 The bearing given by the ADF systerstnot be in error by more than plus or minus 5 degrees

171.051.3.10

with a radio signal from any direction having a field strength of 70 microvolts per metre or more
radiated from an LF/MF NDB or locator operating within the tolerances permitted biN&iié
CATSATEL, Wpart 171.051 and in the presence also of an unwanted signal from a direction 90
degrees from the wanted signal and:

a) on the same frequency and 15 dB weaker; or

b) plus or minus 2 kHz away and 4 dB weaker; or

c) plus or minus 6 kHz or more away and 55 dB stronger.

Compliance Note: The above bearing error is exclusive of aircraft magnetic compass error.

(Reserved)
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Appendix B. Technical Specifications For The Global Navigation Satellite System
(GNSS)

1. Definitions

GBAS/EA groundbased augmentation system transmitting an ellipticgblarized VHF data
broadcast.

GBAS/HA groundbased augmentation system transmitting a horizontgidfarized VHF data
broadcast.

ReceiverA subsystem that receives GNSS signals and includes one or more sensors.

Reserved (bits/words/fields)Bits/words/fields that are not allocated, but which are reserved for
a particular GNSS application.

Snax. Maximum desired VHF data broadcast sigrmaler at the VHF data broadcast receiver input.
This power at the receiver input is computed from the maximum RF field strength defined in
Chapter 3,171.051.3.7.3.5.4.4 for the desired VHF data broadcast signal as received by an ideal
isotropic antennaminus the minimum aircraft implementation loss. It is used to determine the
VHF data broadcast interference immunity to adjacent channel sighals051.3.6.8.2.2.6) and

to signals from sources outside the 108.@¢0017.975 MHz bandl71.051.3.6.8.2.2.§.

Spare (bits/words/fields).Bits/words/fields that are not allocated or reserved, and which are
available for future allocation.

Compliance NoteAll spare bits are set to zero.
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2. General

Compliance Notefhe following technical specifications supplement the provisions of Chapter 3,
3.7.

3. GNSS Elements

3.1 Global Positioning System (GPS) Standard Positioning Service (SPS) (L1)

3.1.1 NorAircraft Elements

3.1.1.1 Radio Frequency (RF) Characteristics

3.1.1.1.1 Carrier phase nois@he carrier phase noise spectral density of the unatateéd carriermustbe such
that a phase locked loop of 10 Hz esided noise bandwidth is able to track the carrier to an
accuracy of 0.1 radian (1 sigma).

3.1.1.1.2 Spurious emissiont-band spurious emissiomaust be at least 40 dB bel the unmodulated L1
carrier over the allocated channel bandwidth.

3.1.1.1.3 Correlation lossThe loss in the recovered signal power due to imperfections in the signal modulation
and waveform distortiormustnot exceed 1 dB.

Compliance Note: The loss in signal power is the difference between the broadcast power in a
2.046 MHz bandwidth and the signal power recovered by a fise lossfree receiver with 4
chip correlator spacing and a 2.046 MHz bandwidth.

3.1.1.1.4 Coarse/acquisitioiC/A) code generation and timingach C/A code pattern(@ mustbe formed by
the Modulo2 sum of two 1 02dit linear patterns, G1 and GZ'he Gksequencenustbe formed
by effectively delaying the G2 sequence by an integer number of chipsoduce one of 36
unique (t) patterns defined in Table-B. The G1 and G2 sequencrastbe generated by 1.0
stage shift registers having the following polynomials as referred to in the shift register input:
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a) G1: X+ X+ 1; and

b) G2: X0+ R+ X+ X+ X+ X+1.

The initialization vector for the G1 and G2 sequenoestd S A MMMMMMMMMME ®
assignmentsnustbe as shown in TableB The G1 and G2 registemuistbe clocked at a 1.023
MHz rate. Timing relationships related to the C/A cauestbe as shown in Figure B

3.1.1.2 Data structureThe navigation messageustbe formatted as shown in FigureZB Each page, as shown

in Figure B5, must utilize a basic format of a 1 5@fit-long frame with up to 5 subframes, each

of 300 bits in length. All wordsustbe transmitted most significant bit (MSB) first.

3.1.1.2.1 Subframe structureEach subframe and/or page of a subframaststart with a telemetry (TLM) word

followed by a handover word (HOW). The H@Wstbe followed by 8 data words. Each word in
each framemust contain 6 parity bits. The TLM word and HOW fornmatsst be as shown in
Figures B3 and B4, respectively.

3.1.1.2.2 End/start of weekAt the end/start of week:

a) the cyclic paging of subframes 1 througmbist restart with subframe 1 regardless of which

subframe was last transmitted prior the end/start of week; and

b) the cycling of 25 pages of subframes 4 amdustrestart with page 1 of each of the subframes,

regardless of which page was transmitted prior to the end/start of week. All upload and page

cutoversmustoccur on frane boundaries (i.e. Modulo 30 seconds relative to the end/start of
week).

Compliance Note: New data in subframes 4 and 5 may start to be transmitted with any of the
25 pages of these subframes.

3.1.1.2.3 Data parity.Words 1 through 10 of subframes 1 througimbsteach contain 6 parity bits as their least

significant bits (LSBs). In addition, two Aoformation bearing bitsnustbe provided as bits 23
and 24 of words 2 and 10 for parity computation purposes.
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3.1.1.2.4 Telemetry (TLM) wordeach TLM worthustbe 30 bits long, occur every 6 seconds in the data frame
and be the first word in each subframe. The TLM formast be as shown in Figure® Each
TLM wordmustbegin with a preamble, followed by 16 reserved bits and 6 parity bits.

3.1.1.2.5 Handover word (HOW)he HOWmust be 30 bits long ananust be the second word in each
subframe/page, immediately following the TLM word. A H®W&toccur every 6 seconds in the
data frame. The HOW format and contentistbe as shown in Figure® The full timeof-week
(TOW) countmust consist of the 19 LSBs of the-B® Z-count (3.1.1.2.6). The HOWust begin
with the 17 MSBs of the TOW count. These 17rhiistcorrespond to the TOW count at the 1.5
secord epoch that occurs at the start (leading edge) of the next following subframe.

3.1.1.2.5.1 Bit 18 On satellites designed by configuration code 001, bini8t6 S 'y &l f SNl ¢ F€ I 3

Ad NI AaSR 6 mustindicaty to theiusdr that teésatdllite hisér range accuracy (URA)
YIe 0S8 62NBES GKFIy AYRAOFIGSR Ay A4dFNIYS m Ly
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Table B-1. Code phase assignments
Satellite ID GPS G2 delay First 10 clups

number PR sigmal (chips) octal”
1 1 5 1440
2 2 6 1620
3 3 7 1710
4 4 g 1744
5 5 17 1133
6 6 18 1455
7 7 139 1131
8 8 140 1454
9 9 141 1626
10 10 251 1504
11 11 252 1642
12 12 254 1750
13 13 255 1764
14 14 256 1772
15 15 257 1775
16 16 258 1776
17 17 469 1156
18 18 470 1467
19 19 471 1633
20 20 472 1715
21 21 473 1746
22 22 474 1763
23 23 500 1063
24 24 512 1706
25 25 513 1743
26 26 514 1761
27 27 515 1770
28 28 516 1774
29 20 850 1127
30 30 260 1453
31 31 261 1625
32 32 362 1712
33 863 1745
" 34" 950 1713
™ 35 047 1134
36 048 1456
37" 050 1713

# In the octal notation for the first 10 chips of the C/A code as shown m thes column the first digit represents a “1” for
the first chip and the last three digits are the conventional oetal representation of the remaimng 9 chips (e g the first 10
chips of the C/A code for pseudo-random noise (PEN) signal assembly 1 are: 1100100000).

#* /A codes 34 and 37 are commen.

#%% PRN =iznal aszemblies 33 through 37 are reserved for other uses (e z. ground transmifters).

3.1.1.2.5.2 Bit 19.Bit 19mustbe reserved.
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3.1.1.2.5.3 Bits 20, 21 and 23Bits 20, 21 and 22 of the HOWstprovide the identification (ID) of the subframe
in which that particular HOW is the second word. The ID codstbe as defined below:

ID Code
1 001
2 010
3 011
4 100
5 101

3.1.1.2.6 Satellite Zcount. Each satellitemust internally derive a 1.8econd epoch thamust contain a
convenient unit for precisely counting and communicating time. Time stated in this mamrstr
be referred to as a-Zount. The Zountmustbe provided to the user as a 2fit binarynumber
consisting of two parts as follows.

3.1.1.2.6.1 Timeof-week (TOW) counf he binary number represented by the 19 LSBs of theuitmustbe
referred to as the TOW count and is defined as being equal to the number-eédohd epochs
that have occurred since the transition from the previous week. The aoustbe shortcycled
such that the range of the TOW count is from O to 403 199sécond epochs (equalling one
week) andmustbe reset to zero at the end of each week. Thé 2 O 2 dzy (i QrwustbeS N2 &
the 1.5second epoch that is coincident with the start of the present week. A truncated version of
the TOW count, consisting of its 17 MSfsstbe contained in the HOW of the L1 downlink data
stream. The relatiortsip between the actual TOW count and its truncated HOW versiost be
as indicated in Figure-B

Compliance Note: The abovementioned epoch occurs at (approximately) midnight Saturday
night/Sunday morning, where midnight is defined as 0000 hours on the UTC scale which is
nominally referenced to the Greenwich Meridian.

3.1.1.2.6.2 Week countThe 10 MSBs of th&countmustbe a binary representation of the sequential number
assigned to the present GPS week (Modulo 1024). The range of thisroastbe from 0 to 1
023. Its zero statanust be that week which starts with the l-$econd epoch occumg at
(approximately) the UTC zero time point (3.1.4). At the expiration of GPS week number 1 023, the
GPS week numbenustroll over to zero. The previous 1 024 weeks in conversions from GPS time
to a calendar datenustbe accounted for by thaser.

3.1.1.3 Data Content
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3.1.1.3.1 Subframe I satellite clock and health datd he content of words 3 through 10 of subframedst
contain the clock parameters and other data as indicated in Ta2leTBe parameters in a data
setmustbe valid during the interval of time in which they are transmitted amgstremain valid
for an additional period of time after transmission of the next data set has started.

3.1.1.3.1.1 Week numberThe 10 MSBs of wordrBust contan the 10 MSBs of the 28it Z-count andmust
represent the number of the current GPS week at the start of the data set transmission interval
GAGK £t TSNRBA&A AYRAOI GAY ImustiScieinential eAdiBnd/startdfK S Dt
week epoch

3.1.1.3.1.2 User range accuracy (URBJts 13 through 16 of word Biustprovide the predicted satellite URA as
shown in Table B.

Note 1t The URA does not include error estimates due to inaccuracies of thefsinglency
ionospheric delay model.

Note 21 The URA is a statistical indicator of the contribution of the apparent clock and ephemeris

prediction accuracies to the ramgj accuracies obtainable with a specific satellite based on
historical data.

Table B-2. Subframe 1 parameters

Number Scale factor Effective

Parameter of bits™ (LSB) ran gem Units
Week number 1 1 weeks
Satellite accuracy 4
Satellite health 6 1 discretes
Ten 8 23 seconds
I0DC 10
toc 16 2* 604 784 seconds
ap 8" 2753 seconds/second”
ag 16° 24 seconds/second
agp 22" 23! seconds

f Parameters so indicated are two’s complement. with the sign bit (+ or —) occupying the MSB.

**  See Figure B-6 for complete bit allocation.
##% Unless otherwise indicated in this column, effective range is the maximum range.
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Table B-3.

User range accuracy

;

Accuracy

e s IR o S VU VY I S A

2m
2.8m
4m
5.7m
8m
11.3m
16 m
32 m
64 m
128 m
256 m
512 m
1024 m
2048 m
4 096 m
Do not use

3.1.1.3.1.3 Health.The transmitting satellite ®it health indicationmustbe provided by bits 17 through 22 of

word 3. The MSBiustindicate a summary of #hhealth of the navigation data, where:

a) 0 = all navigation data are valid; and

b) 1 = some of the navigation data are not valid.

The 5 LSBuustindicate the health of the signal components in accordance with 3.1.1.3.3.4. The
health indicationmust be provided relative to the capabilities of each satellite as designated by

the configuration code in 3.1.1.3.3.5. Any satellite that does noefzgertain capabilitynustbe
AYRAOIFIGOSR a aKSIfaKesé

AT GKS 101 2F (GKAa
into a mode which is normal from a receiver standpoint and does not require that capability.

Additional health daa mustbe given in subframes 4 and 5.

Compliance Note: The data given in subframe 1 may differ from that shown in subframes 4

and/or 5 of other satellites since the latter may be updated at a different time.

3.1.1.3.1.4 Issue of data, clock (IOD8)ts 23 and 24 of word 3 in subframenustbe the 2 MSBs of the Hfit

IODC term. Bits 1 through 8 of word 8 in subframmdst contain the 8 LSBs of the IODC. The
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IODOmustindicate the issue number of data s@the transmitted I0D@ustbe different from
any value transmitted by the satellite during the preceding 7 days.

Compliance Note: The relationship between the IODC and the Issue of Data, Ephemeris (IODE)
terms is defined in 3.1.1.3.2.2.

3.1.1.3.1.5 Estimated group delay differentidbits 17 through 24 of word fhust contain the correction term,
Ten to account for the effect of satellite group delay differential.

Compliance Note: Tgpdoes not include any C/A to P(Y) code relative group delay error.

3.1.1.3.1.6 Satellite clock correction parameteiits 9 through 24 of word 8, bits 1 through 24 of word 9, and
bits 1 through 22 of word 1@nhust contain the parameters neededylithe users for apparent
satellite clock correction {{ a», a1 anday).

3.1.1.3.1.7 Reserved data fieldReserved data fieldaustbe as indicated in Table4 All reserved data fields
mustsupport valid parity within their respective words.

3.1.1.3.2 Subframes 2 and 8 satellite ephemeris dataSubframes 2 and #ust contain the ephemeris
representation of the traamitting satellite.

3.1.1.3.2.1 Ephemeris parameterg.he ephemeris parametenmsiust be as indicated in Table-B8 For each
parameter in subframe 2 and 3, the number of bits, the scale factor of the LSB, the range, and the
units mustbe as pecified in Table 8.

3.1.1.3.2.2 Issue of data, ephemeris (IODH)e IODEnustbe an 8bit number equal to the 8 LSBs of the-iid
IODC of the same data set. The I@Etbe provided in both subframes 2 and 3 for the purpose
of comparson with the 8 LSBs of the IODC term in subframe 1. Whenever these three terms do
not match, as a result of a data set cutover, new datast be collected. The transmitted IODE
mustbe different from any value transmitted by the satellite durthg preceding six hour&pte
1). Any change in the subframe 2 and 3 damast be accomplished in concert with a change in
both IODE words. Change to new data gatsst occur only on hour boundaries except for the
first data set of a new uploaddditionally, the §. value, for at least the first data set transmitted
by a satellite after an uploadnustbe different from that transmitted prior to the chang&l¢te
2).
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Table B-4. Subframe 1 reserved data fields

Word Bit
3 11-12
4 1-24
5 1-24
6 1-24
7 1-16

Table B-5. Ephemeris data

M,

An

e

Ja

OMEGA,

iy

®
OMEGADOT
iDOT

C

uc

Mean anomaly at reference time

Mean motion difference from computed value

Eccentricity

Square root of the semi-major axis

Longitude of ascending node of orbit plane at weekly epoch

Inclination angle at reference time

Argument of perigee

Rate of right ascension

Rate of inclination angle

Amplitude of the cosine harmonic correction term to the argument of latitude
Amplitude of the sine harmonic correction term to the argument of latitude
Amplitude of the cosine harmonic correction term to the orbit radius
Amplifude of the sine harmonic correction term to the orbit radius
Amplitude of the cosine harmonic correction term to the angle of inclination
Amplitude of the sine harmonie correction term to the angle of inclination
Reference time, ephemeris

Issue of data, ephemeris
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Table B-6. Ephemeris parameters

Number Scale factor Effective

Parameter of bits™ (LSB) range” Units
IODE 8
Cy 16" 27 metres
An 16" 2 semi-circles/second
M, 32 23 semi-circles
Coe 16" 27 radians
e 32 273 0.03 dimensionless
Co 16" 27 radians
VA 32 27 metres'”
toe 16 2! 604 784 seconds
C;. 16" 27 radians

MEGA, 32 23 semi-circles
C;, 16" 27 radians
ip 32 23 semi-circles
Cpe 16" 27 metres
® 32° 23 semi-circles
OMEGADOT 24" P semi-circles/second
iDOT 147 2 semi-circles/second

e
ok

Parameters so indicated are two’s complement, with the sign bit (+ or —) occupying the MSB.

See Figure B-6 for complete bit allocation in subframe.
Unless otherwise indicated in this column, effective range is the maximum range attainable with the indicated bit

allocation and scale factor.

ComplianceNote 1.The IODE/IODC terms provide the receiver with a means for detecting any
changes in the ephemeris/clock representation parameters.

ComplianceNote 2.The first data set may change (3.1.1.2.2) at any time during the hour and

therefore may be transmittety the satellite for less than 1 hour.

3.1.1.3.2.3 Reserved data field§Vithin word 10, subframe 2, bits 17 through &Rist be reserved. Reserved
data fieldsmustsupport the valid parity within their respective words.

3.1.1.3.3 Subframes 4 and 5 support dataBoth subframes 4 andrfustbe subcommutated 25 times each.

2

AGK GKS

L2aarofS SEOSLIiAzYy 27

G N#st@MNINS R ¢

different data in words 3 through 10. The pages of subframeudtuse 6 different formats, and

the pages of subframe ustuse two different formats as indicated in Figur&B
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Pages of subframeustbe as follows:
a) Pages 2, 3, 4,5, 7, 8, 9 and 10: almanac data for satellites 25 through 32 respectively. If the
60A0G KSFfUOGK adlddza ¢62NR 2F LI 3IS uwp Aa asi

the pagemustnot have a value in the range of 25 through 32

Compliance Notéfhese pages may be designed for other functions. The format and content
for each page is defined by the satellite ID of that page.

b) Page 17: special messages;

c) Page 18: ionospheric and UTC data,;

d) Page 25: satellite coigjurations for 32 satellites; and

e) Pages 1, 6, 11, 12, 13, 14, 15, 16, 19, 20, 21, 22, 23 and 24: reserved.
Pages of subframeraustbe as follows:

a) Pages 1 through 24: almanac data for satellite 1 through 24; and

b) Page 25: satellite health data for satellite 1 through 24, the almanac reference time and
the almanac reference week number.

3.1.1.3.3.1 Data ID.The two MSBs of word 3 in each pagastcontain the data ID that defines the applicable
GPS navid®mn data structure. The data IDustbe as indicated in TableBin accordance with
the following:

a) for those pages which are assigned to contain the almanac data of one specific satellite, the
data IDmust define the data structure utilizedby that satellite whose almanac data are
contained in that page;

b) for all other pages, the data IDust denote the data structure of the transmitting satellite;
and

o RIFdlF L5 dmé OoRSy2muSmtbéwsedo Ayl NBE adliS nno
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3.1.1.3.3.2 Satellite IDThe satellite IDnustbe provided by bits 3 through 8 of word 3 in each page. The satellite
IDsmustbe utilized two ways:

a) for those pages which contain the almanac data of a given satellite, the satelitedibe the
same number that is assigned the PRN code phase of that satellite in accordance with- Table B
1; and

b) for all other pages the satellite ID assigned in accordance with Tableust serve as the
GLI IS L5¢d Lrustbe msgyiiel tdEhogd fages which contain the almanac data
of specific satellites (pages 1 through 24 of subframe 5 and pages 2 through 5, and 7 through
Mn 2F adzoFNI YS n0 o mustBe adsigded tb BdicatdardymmyBatellitd, £ 1
while IDs51 through 63mustbe utilized for pages containing other than almanac data for a
specific satellite (Notes 1 and 2).

ComplianceNote 1.Specific IDs are reserved for each page of subframes 4 and 5; however, the
satellite ID of pages 2, 3, 4, 5, 7, 8, 9 and 10 of subframe 4 may change for each page to reflect

the alternate contents for that page.

CompliancéNote 2.The remaining IDs 8xhrough 50) are unassigned.
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Table B-7. Data IDs and satellite IDs in subframes 4 and 5

Subframe 4 Subframe 5
Page Data ID Satellite ID° Data ID Satellite ID’
X% *%

1 57 1
2**** *% :5 *% 2
3**‘& % :6 ** 3
_I.tttt % — ** 4

*kxE % = ** -
5 28 5

6 kx% i-' *% 6
_Itttt *= ;é *% -
' *EEE *= ;0 *% é

*kxE % **
¢ 31 9
lotttt % 33 ** 10

*EE - **

11 57 11
*EE **

12 62 12
2% *%

13 52 13
*xx *%

14 53 14

15 54 - 15

16 57 - 16

- *EE ** —

17 55 17

*EE **

18 5 18

kx% kkkkE *%

19 58 19
20 X% 59t88“ *% 20
¥ *¥
21 57 21
- *EE FEEEE ** -
22 60 22
*EE FEEEE **

23 61 23
*EE **

24 62 24
- *EE k¥ -
25 63 51
* “0” indicates “dummy” satellite. When using <07 to indicate a dummy satellite. the data ID of the transmitting

satellite 1s used.

Data ID of that satellite whose satellite ID appears in that page.

Data ID of transmitting satellite.

Pages 2, 3. 4. 5, 7, 8. 9 and 10 of subframe 4 may contain almanac data for satellites 25 through 32, respectively, or
data for other functions as identified by a different satellite ID from the value shown.

#xEdE Satellite ID may vary.

EEER

3.1.1.3.3.3 AlmanacPages 1 through 24 of subframe 5, as well as pages 2 through 5 and 7 through 10 of subframe
4 must contain the almanac data and a satellite health status word (3.1.1.3.3.4) for up to 32
satelites. The almanac datmust be a reduceeprecision subset of the clock and ephemeris
parameters. The datamustoccupy all bits of words 3 through 10 of each page except the 8 MSBs
of word 3 (data ID and satellite ID), bits 17 through 24 of wofghellite health), and the 50 bits
devoted to parity. The number of bits, the scale factor (LSB), the range and the units of the
almanac parametersust be as indicated in Table-®8 The almanac message for any dummy
satellitemustcontainalteNy/ G Ay 3 a2y Saé |yR ai SNRaé¢ oAGK |
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3.1.1.3.3.3.1 Almanac reference timelThe almanac reference timegat must be a multiple of 2 seconds
occurring approximately 70 hours after the first valid transmission time for this almanac data set.
The almanamustbe updated often enough to ensure that GPS time, t, will differ frarhyt less
than 3.5 days during the transmission period. The almanac parameigstbe updated at least
once every 6 days during normal operations.

3.1.1.3.3.3.2 Almanac time parameterd.he almanac time parametersustconsist of an 1:bit constant term
(&) and an 13bit first order term (a).

3.1.1.3.3.3.3 Almanac reference weeBits 17 through 24 of word 3 in page 25 of subframmustindicate the
number of the week (WN to which the almanac reference timedjtis refererwed. The Whterm
must consist of the 8 LSBs of the full week number. Bits 9 through 16 of word 3 in page 25 of
subframe Smustcontain the value ofsk that is referenced to this WN

3.1.1.3.3.4 Health summarySubframes 4 and mustcontain two types of satellite health data:

a) each of the 32 pages that contain the clock/ephemeris related almanacndagaprovide an
8-bit satellite health status word regarding the satellite whose almanac data they carry; and

b) the 25th pagesof subframes 4 and 5 jointljnust contain 6bit health data for up to 32
satellites.

3.1.1.3.3.4.1 Thel8it health status wordsnust occupy bits 17 through 24 of word 5 in those 32 pages that
contain the almanac data for individual satellites. THaitthealth status wordsnustoccupy the
24 MSBs of words 4 through 9 in page 25 of subframe 5, and bits 19 through 24 of wor@4, the
MSBs of word 9, and the 18 MSBs of word 10 in page 25 of subframe 4.
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Table B-8. Almanac parameters

Number Scale factor Effective
Parameter of bits” (LSB) range Units
iy | . .
e 16 2 dimensionless
p
toa 8 2 602 112 seconds
-~ kkXX x _ . .
05 16 P semi-circles
® — . .
OMEGADOT 16 238 semi-circles/second
~ * 11 12
VA 24 2 metres
— * =2 . .
OMEGA, 24 275 semi-circles
= _9 . .
© 24 2B semi-circles
% i | . .
My 24 25 semi-circles
* -
ag 11 27 seconds
x —
an 11 27 seconds/second

Parameters so mdicated are two’s complement. with the sign bit (+ or —) occupying the MSB.

wE See Figure B-6 for complete bit allocation in subframe.

¥ Unless otherwise indicated in this column, effective range 15 the maximum range attainable with the mdicated bit
allocation and scale factor.

*kE%  Relative to 1p = 0.30 semu-circles.

3.1.1.3.34.2 The 3 MSBs of thdiBhealth status wordsnust indicate health of the navigation data in
accordance with the code given in Tabt8.B'he ébit wordsmustprovide a 1bit summary of the
YIE@AILGA2Y RIGIQa KSFEGK adlddza Ay GKS a{. L
both the 8bit and the 6bit health status wordsnustLINE @A RS (G KS KSFf GK adl
signal components in accordance with the code given in Tabl@ B
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Table B-9. Navigation data health indication

Bit posttion 1n page

137 138 139 Indication
0 0 0 ATL DATA OK
0 1 PARITY FAILURE — some or all parity bad
1 0 TLM/HOW FORMAT PROBLEM — any departure from standard format
(e.g. preamble misplaced and/or incorrect). except for incorrect Z-count, as reported
in HOW
0 1 1 Z-COUNT in HOW BAD — any problem with Z-count value not reflecting
actual code phase
1 0 0 SUBFRAMES 1. 2. 3 — one or more elements in words 3 through 10 of one or
more subframes are bad
1 0 1 SUBFRAMES 4. 5 — one or more elements in words 3 through 10 of one or
more subframes are bad
1 1 0 ALL UPLOADED DATA BAD — one or more elements in words 3 through 10
of any one (or more) subframes are bad
1 1 1 ALL DATA BAD — TLM word and/or HOW and one or more elements in any

one (or more) subframes are bad

Table B-10. Codes for health of satellite signal components

MSB LSB Indication

0 0 0 0 0 ALL SIGNALS OK

1 1 1 0 0 SATELLITE IS TEMPORARILY OUT — do not use this satellite
during current pass

1 1 1 0 1 SATELLITE WILL BE TEMPORARILY OUT — use with caution

1 1 1 1 0 SPARE

1 1 1 1 1 MORE THAN ONE COMBINATION WOULD BE REQUIRED TO
DESCRIBE ANOMALIES,. EXCEPT THOSE MARKED BY

All other combinations SATELLITE EXPERIENCING CODE MODULATION AND/OR

SIGNAL POWER LEVEL TRANSMISSION PROBLEMS. The user
may experience intermittent tracking problems if satellite is acquired.

3.1.1.3.34.3 Aspecialmeanmgsto S | 3aA3JyYy SR (2 (K 8&e &bit ety Sadus wodl® Yo A Y
in the 25th pages of subframes 4 and 5niastA Y RA OF S GKF G aGKS &l GSftf;
available and there may be no data regarding that satellite in the page of subframe 4 or 5 that is
assignedtonormallp2 y 4G Ay GKS FfYlFIylFrO RFEGF 2F GKFG alkd
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Compliance Note: This special meaning applies to the 25th pages of subframes 4 and 5 only.
There may be data regarding another satellite in the almanac page referred to above as defined
in3.1.1.3.3.3.

3.1.1.3.3.4.4 The health indicatiorust be provided relawe to the capabilities of each satellite as designated
by the configuration code in 3.1.1.3.3.5. Accordingly, any satellite that does not have a certain
capabilitymustd S AYRAOFGSR &4 aKSIfGKe&é AT Gmsritt I O
has been configured into a mode which is normal from a receiver standpoint and does not require
that capability. The predicted health dataustbe updated at the time of upload.

ComplianceNote 1.The transmitted health data may not correspond to the actual health of the
transmitting satellite or other satellites in the constellation.

CompliancéNote 21 The data given in subframes 1, 4 and 5 of the other satellites may differ from
that shown h subframes 4 and/or 5 since the latter may be updated at a different time.

3.1.1.3.3.5 Satellite configuration summarfage 25 of subframe rustcontain a 4bit-long term for each of
up to 32 satellites to indicate the configuration code afick satellite. These-Hdit terms must
occupy bits 9 through 24 of words 3, the 24 MSBs of words 4 through 7, and the 16 MSBs of word
8, all in page 25 of subframe 4. The MSB of eali #rm mustindicate whether antspoofing
is activated (MSB 1) or not activated (MSB = 0). The 3 L8Bstindicate the configuration of
each satellite using the following code:

Code Satellite configuration
001 Block IVTIA/TIR satellite
010 Block TIR-M satellite
011 Block ITF satellite

3.1.1.3.3.6 UTC parameterfage 18 of subframerustinclude:
a) the parameters needed to relate GPS time to UTC time; and
b) notice to the user regarding the scheduled future or past (relative to navigation message
upload) value of the delta time due to leap secondsj(ttogether with the week number
(WNsHp YR GKS RF& ydzYoSNJ 65b0 G GKS SyR 2F ¢

2 y $éstbe the first day relative to the end/start of week and the WiNMalue consists of the
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8 LSBs of the full week number. The absolute value of the diffetsetesen the untruncated
WN and Whksrvaluesmustnot exceed 127.

Compliance NoteThe user is expected to account for the truncated nature of this parameter as
well as truncation of WN, Widnd WNsrdue to rollover of the full week numb&.1.1.2.6.2).

3.1.1.3.3.6.1 The 24 MSBs of words 6 through 9, and the 8 MSBs of word 10 in page 18 of subftasmie 4
contain the parameters related to correlating UTC time with GPS time. The bit length, scale
factors, ranges, and units of theparametersmustbe as specified in Tablel&.

3.1.1.3.3.7 lonospheric parametersThe ionospheric parameters that allow the GPS SPS user to utilize the
ionospheric model for computation of the ionospheric detayst be contained in page8Lof

subframe 4 as specified in TabldB.

3.1.1.3.3.8 Special messagPage 17 of subframemustbe reserved for special messages.

Table B-11. UTC parameters

Number Scale factor Effective

Parameter of bits" (LSB) range’ Units
Ay 32" 2'?0 seconds
Ay 24" 27 seconds/second
Atrg 8" 1 seconds
tor 8 21 602 112 seconds
WN, ) 1 weeks
WNLsr ) 1 weeks
DN g 1 7 days
Atrs 8" 1 seconds
* Parameters so indicated are two’s complement, with the sign bit (+ or —) occupying the MSB.
= See Figure B-6 for complete bit allocation in subframe.

##%  Unless otherwise indicated in this column, effective range 15 the maximum range attainable with the indicated bit

allocation and scale factor.
=**%  Right justified.
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Table B-12. TIonospheric parameters

Number Scale factor Effective
Parameter of bits”™ (LSB) range’ Units
+ .
o 8 2730 seconds
* —2 . .
oy 8 2! seconds/semi-circle
* 24 leami-cire]le
VB 8 2 seconds/semi-circle
* —24 — 3
3 8 2 seconds/semi-circle
* 11
Bo 8 2 seconds
* L4 e /earmi e
B1 8 2 seconds/semi-circle
* N N )
B2 8 216 seconds/semi-circle”
* . .
Bs 8 216 seconds/semi-circle’

* Parameters so indicated are two’s complement, with the sign bit (+ or —) occupying the MSB.

% See Figure B-6 for complete bit allocation in subframe.

®E% Unless otherwise indicated in this column, effective range is the maximum range attainable with the mdicated bat
allocation and scale factor.

3.1.1.3.3.9 Reserved data fieldall bits of words 3 through 10, except the 58 bits used for data ID, satellite (page)
ID, parity (six LSBs of each word) and parity computation (bits 23 and 24 of word 10) of pages 1,
6,11,12,13, 14, 15, 16, 19, 20, 21, 22, 23 and 24 of subframe thomecalmanac pages assigned
satellite ID of zeronustbe designated as reserved. Other reserved bits in subframes 4 randtS
be as shown in Table-B8. Reserved bit positions of each wamlst contain a pattern of
alternating ones and zes with a valid word parity.

3.1.2 Definitions Of Protocols For Data Application

Compliance NoteThis section defines the integlationships of the data broadcast message
parameters. It provides definitions of parameters that are notsraitted, but are used by either
or both nonaircraft and aircraft elements, and that define terms applied to determine the
navigation solution and its integrity.
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Table B-13.

Reserved bits in subframes 4 and 5

Subframe Pages Words Reserved bit position n word
4 17 10 17 -22
4 18 10 9-22
14 25 8 17-18
1 25 10 19-22
5 25 10 4-22

Table B-14. Parity encoding algorithms

Dy
Dys
Dag
Dy7
Dyg
Dy
Dsg

where:

= dy®D'y
D*]g @ dl @ dg @ d; @ dj @ (15 @ Cl]g @ (111 @® dll ® d13 @ d]4 @ (11? ® dlg ® dgg @ Cl]3

= Dtg[) ] d] 5] d; @ d4 &) ds @ (17 @ Cl]l @ (111 ® d13 ® d14 @ d]j @ (llg ® (119 ® (131 @ Cl]4

= Dt]g@)(h@d;®d4@dj(‘Bd?(‘Bdg@dn@d];@du@dﬁ@dm(‘Bd]g(‘Bd]o@d]}

= Dtm@d]@di@dj@ds@dg@dg@dl;@dm@dﬁ@dm@dﬁ@d]g@dn@dl;

Dtj[) @ dl @ dj, @ dj @ d5 @ (l? @ Clg @® dlD @ d]4 @ dlj @® dlg @® dﬁ @ d]g @ d]1® dlg&) d]4
D*]g @ d3 @ dj @ d5 @ dg @ (lg @ Cl]g @ (111 @® d13 ® dlj @ d]g @ dll @ dg; @ dg4

Dy. Dy, Ds. ... Dyg. Dy are the bits transmitted by the satellite;
Dss, ... D3 are the computed parity bits:
dy ds. ... dyy are the source data bits:

@ is the Modulo-2 or “Exclusive-Or” operation; and
* is used to identify the last two bits of the previous word of the subframe.

3.1.2.1 Parity algorithm GPS parity algorithms are defined as indicated in Tabhie B

3.1.2.2 Satellite clock correction paramete@BPS system timies defined as:

t=tsvcoOn G AGO[ ™

where

t= GPS system time (corrected for beginning and-efa
week crossovers);
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tsv = satellite time at transmission of the message;

0 p)lh= the satellite PRN code phase offset;
6 pih= af0 + afl(igtoc) + af2(tcii 2 O HC TGD n G NJ

where

a, a1 and a and t., are contained in subframe 1; and
n{E the relativistic correction term (seconds)
niE FeKAsink

where

e and A are contained in subframes 2 and 3;
Eis defined in Table-B5; and

_ 2"

—— =_4.442807633(10)*" s/m*
2
where
vl = WGS84 universal gravitational parameter (3.986005 **hi%/s?)
C =

the speed of light in a vacuum (2.99792458 %rh(s)

Compliance Note: The value of t is intended to account for the beginning or-afrgeek
crossovers. That is, if the quantityotis greater than 302 400 seconds, subtract 604 800 seconds
from t. If the quantity {t.cis less tharg302 400 seconds, ad®4 800 seconds to t.

3.1.2.3 Satellite positionThe current satellite position (X%, Z) is defined as shown in TablelB.

3.1.2.4 lonospheric correctiolhe ionospheric correctionifl) is defined as:
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Fx [5.0x10° + AMP (1-2+5)] x| <157

Tione= (seconds)
Fx (5.0x10°) x| =1.57
where
3 n .
AMP =0 .
AMP= {Z n=0 P, - l (seconds)
if AMP < 0, AMP=10

2m(t-50 400
y o 2 )

e (radians)

3 o _
PER={ 2, PBatm  PER272000 }(secondS)
if PER < 72 000, PER = 72 000

F=1.0+16.0[0.53 —EJ

dy, and B, are the satellite transmitted data words withn=0. 1. 2 and 3

Oy =0;+ 0.064 cos (A;— 1.617) (semi-circles)

. . Ysin A o
b =kt (semi-circles)
cosdy

&; =0, wcos A (semi-circles)

di=d; if |;|=0.416
b;= { &=+ 0.416 if &; > 0.416, ; (semi-circles)
b;=-0416if d; < -0.416

v 0.0137
T E+0.1

—-0.022 (semi-circles)
t = 4.32x 10+ GPS time (seconds) where 0 < t < 86 400,
therefore: if t = 86 400 seconds. subtract 86 400 seconds: and

if t < 0 seconds. add 86 400 seconds

satellite elevation angle

tm
Il

3.1.2.4.1 The terms used in computation of ionospheric delay are as follows:

a) Satellite transmitted terms
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h, = the coefficients of a cubic equation representing the amplitude of the vertical delay (4
coefficients = 8 bits each)

in= the coefftients of a cubic equation representing the period of the model (4
coefficients = 8 bits each)

b) Receiver generated terms

E =elevation angle between the user and satellite (semgles)

A =azimuth angle between the user and satellite, measured clockwise positive from the
true North (semicircles)

. u =user geodetic latude (semicircles) WG84

<u =user geodetic lonitude (semicircles) WG84

GPS timesreceiver computed systettime

c) Computed terms

X =phase (radians)

F = obliquity factor (dimensionless)

t =local time (seconds)

., m= geomagnetic latitude of the earth projection of the ionospheric intersection point (mean
ionospheric height assumed 350 km) (semincles)

< = geomagnetic longitude of the earth projection of the ionospheric intersection point {semi

circles)
, i = geomagnetic latitude of the earth projection of the ionospheric intersection point (semi
circles)
r SINIKQa OSyaNrt Fy3tsS o0SiGé6SSy dzaSNJI

intersection point (semcircles)

Table B15. Elements of coordinatsystems
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A= (@2 Semi-major axis
a 7 Computed mean motion
Ry
fe=t—te Time from ephemeris reference epoch’
n=ng+ An Corrected mean motion
My = Mg + nty Mean anomaly
M;=E;—esmE; Kepler’s equation for eccentric anomaly (may be solved by iteration)

mn} . _1{\f1—ezsmEk/(1—ecosEk)
= tan

i
v = tan~?! [— } True anomaly
cos

% (cosE, —e)/(1—ecos Ey)
_i [ e+cosvy )
Ex=cos i —— Eccentric anomaly
1+ecosvy
=vi+® Argument of latitude
Second Harmonic Perturbations
oy, = C,. sin 24y + C,. cos 24y Argument of latitude correction
o1, = C,, sin 24y, + C,, sin 2d, Radius correction
o1 = Ci. cos 20y + Cj. sin 2y Inclination correction
uy, =y, + Suy Corrected argument of latitude
. =A(l —e cos Ey) + ony Corrected radius
1 = 1p + o1 + (1IDO Tty Corrected inclination
X', = 13,CO5 Uy Posifi in orbital ol
V)= 1ysin v ositions in orbital plane
Q=9 + (0-0 )t — Ot Corrected longitude of ascending node

V= X Sin Q — ¥, cos jcos Oy

X=X, €05 O — V', 05 I, sin Oy
Earth-centred, earth-fixed coordinates

7=y} sini

*  tis GPS system time at time of transmission. i.e. GPS time cormrected for transit time (range/speed of light). Furthermore, t; is the actual total
time difference between the time t and the epoch fime tee, and must account for beginning or end-of-week crossovers. That is. if fx 15 greater than
302 400 seconds, subtract 604 800 seconds from te. If tx is less than —302 400 seconds. add 604 800 seconds to f.

3.1.3 Aircraft Elements
3.1.3.1 GNSS (GH&ceiver

3.1.3.1.1 Satellite exclusiariThe receivemustexclude any marginal or unhealthy satellite.

Compliance Note: /| 2 Y RAGA2y & AYRAOIFNGAY3I GKEFEG | alFaSttaA
can be found in the Unitderoviderdepartment of Defens&lobal Positioning SystegStandard
Positioning Service Performance Standardlth Edition, September 2008, Section 2.3.2.
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3.1.3.1.2 Satellite tracking The receivemust provide the capability to continuously track a minimum of

four satellites and generate a position solution based upon those measurements.

3.1.3.1.3 Doppler shift The recerer must be able to compensate for dynamic Doppler shift effects on
nominal SPS signal carrier phase and C/A code measurements. The nectst@mpensate for
the Doppler shift that is unigue to the anticipated application.

3.1.3.1.4 Resistance to terference The receivermust meet the requirements for resistance to
interference as specified in Chapter 3, 3.7.

3.1.3.15 Application of clock and ephemeris datehe receivemust ensure that it is using the correct
ephemeris and clock data beforeqviding any position solution. The receivaust monitor the
IODC and IODE values, and to update ephemeris and clock databased upon a detected change in
one or both of these values. The SPS receimest use clock and ephemeris data with
correspnding IODC and IODE values for a given satellite.

3.1.4 Time

GPS timenustbe referenced to a UTC (as maintained by the U.S. Naval Observatory) zero time
point defined as midnight on the night of 5 January 1980/morning of 6 January 198@rgbst

unit used in stating GPS tirmust be 1 week, defined as 604 800 seconds. The GPS time scale
must be maintained to be within 1 microsecond of UTC (Modulo 1 second) after correction for
the integer number of leap seconds difference. Tleigation datamust contain the requisite

data for relating GPS time to UTC.

3.2 Global navigation satellite system (GLONASS) channel of standard accuracy (CSA) (L1)

Compliance Noteln this section, the term GLONASS refers to all satellites in the constellation.
Standards relating only to GLONA®Satellites are qualified accordingly.

3.2.1 NobAircraft Elements

3.2.1.1 RF Characteristics

3.2.1.1.1 Carrier frequenes.The nominal values of L1 carrier frequenam@sst be as defined by the following
expressions:
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Fim I' Fam b {pFwm
where

Kk =¢ct2 XX nX M XX ¢ FNB OF NNASNI ydzYo SNE 0O F NX
GLONASS satellites in the L1-bahd;
ful' M cnH at0.5625IMPAR n¥

Carrier frequenciesnust be coherently derived from a common moard time/frequency
standard. The nominal value of frequency, as observed on the grommstbe equal to 5.0 MHz.
The carrier frequency of a GLONASS satadlitetbe within £2 x 18! relative to its nominal value
fi.

CompliancéNote 1.The nominal values of carrier frequencies for carrier numbers k are given in
Table B16.

ComplianceNote 2. For GLONASS satellites, the L2 channel of standard accuracy (CSA)
navigation signals will occupy the 1 242.9875251.6875 MHz +0.511 MHz bandwidth as defined
by the following expressions:

fe=Teb N7

fol M HNG=@43T5MHa F

Fa any given value of k the ratio of carrier frequencies of L1 and EBasuis will be equal to:

fa _7
fun 9
Table B16. Llcarrierfrequencies
Nominal value of
HAn frequency in L1 sub
Carrier number  (see 3.2.1.3.4) band (MHz)
06 6 1 605.3750
05 5 1604.8125
4 4 1 604.2500
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3 3 1 603.6875
2 2 1603.1250
1 1 1602.5625
0 0 1 602.0000
! 31 1601.4375
Q2 30 1 600.8750
3 29 1600.3125
ca 28 1599.7500
5 27 1599.1875
6 26 1 598.6250
7 25 1598.0625

3.2.1.1.2 Carrier phase noisdhe phase noise spectral density of the unmodulated camiestbe such that a
phase locked loop of 10 Hz os&led noise bandwidth provides the accuracy of carrier phase
tracking not worse than 0.1 radian (1 sigma).

3.2.1.1.3 GLONASS pseutindom code generationThe pseud@andom ranging codenust be a 3.1-bit
sequence that is sampled at the output of the seventh stage ofsta@e shift register. The
initialisation vector to generate this sequencgistdo S aMMMMMMMMME @ ¢ KS ISy
that corresponds to the 8tage shift registemustbe:

G(x) = 1 +5% .

3.2.1.1.4 Spurious emission¥he power of the transmitted RF signal beyond the GLONASS allocated bandwidth
mustnot be more thang40 dB relative to the power of the unmodulated carrier.

ComplianceNote 1.GLONASS satellites launched during 1998 to 2005 and beyond use filters
limiting outof-band emissions to the harmful interference limit contained in Recommendation
ITUR RA.769 for the 1 6&01 670 MHz band.

Note 21 GLONASS satellites launched bey?®d5 use filters limiting owf-band emissions to the harmful
interference limit contained in Recommendation-RRA.769 for the 1 610¢6l 613.8 MHz and
1 660¢ 1 670 MHz bands.

3.2.1.1.5 Correlation lossThe loss in the recovered signal powlee to imperfections in the signal modulation
and waveform distortionrmustnot exceed 0.8 dB.
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Compliance Note: The loss in signal power is the difference between the broadcast power in a
1.022 MHz bandwidth and the signal power recovered by a 1ii@se lossfree receiver with 4
chip correlator spacing and a 1.022 MHz bandwidth.

3.2.1.2 Data Structure

3.2.1.2.1 General The navigation messageustbe transmitted as a pattern of digital data which are coded by
Hamming code and transformed into relative code. Structurally, the data patteust be
generated as continuously repeating superfran€he superframmustconsist of the frames and
the framesmust consist of the strings. The boundaries of strings, frames and superframes of
navigation messages from different GLONASS sateliitast be synchronized within 2
milliseconds.

3.2.1.2.2 Superframe structurelThe superframenusthave a 2.5minute duration andnustconsist of 5 frames.
Within each superframe a total content of nammediate information (almanac for 24 GLONASS
satellites)mustbe transmitted.

Compliance Note: Superframe structure with indication of frame numbers in the superframe and
string numbers in the frames is shown in Figuig B

3.2.1.2.3 Frame structureEach framemust have a 36&econd duration andnust consist & 15 strings. Within
each frame the total content of immediate information (ephemeris and time parameters) for
given satellite and a part of nonimmediate information (almanax)st be transmitted. The
frames 1 through 4nustcontain the part of lmanac for 20 satellites (5 satellites per frame) and
frame 5mustcontain the remainder of almanac for 4 satellites. The almanac for one satellge
occupy two strings.

Compliance Note: Frame structures are shown in Figure8 &nd B9.

3.2.1.2.4 String structureEach stringnusthave a 2second duration andhustcontain binary chips of data and
time mark. During the last 0.3 second within thisécond interval (at thend of each string) the
time mark must be transmitted. The time mark (shortened pseudgmdom sequencenust
consist of 30 chips with a time duration for each chip of 10 milliseconds and having the following
sequence:

11111000110110101000010010110.
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During the first 1.7 seconds within thissecond interval (in the beginning of each string) 85 bits

of data (each data bit of a 20 milliseconds durationjstbe transmitted in bbinary format. The
numbers of lits in the stringnustbe increased from right to left. Along with information bits (bit
positions 9 through 84) the check bits of Hamming code (KX) (bit positions 1 throoglsi&)e
transmitted. The Hamming codaust have a code length of. The data of one stringuust be
separated from the data of adjacent strings by time mark (MB). The words of therdesibe
registered by MSB ahead. In each string bit positonm@5t6 S 'y ARfS OKALJ
transmitted first.

3.2.1.2.4.1 Strings 1 through 4The information contained in strings 1 through 4 of each framustcorrespond
to the satellite from which it is transmitted. This informatiomust not be changed within the
superframe.

3.2.1.2.4.2 Strings 5 through 15Strings 5 through 15 of each frammistcontain GLONASS almanac for 4 or 5
satellites. The information contained in the fifth stringiust be repeated in each frame of the
superframe.

Compliance Note: String structure is given in FigurelB.

3.2.1.3 Data Content

3.2.1.3.1 Ephemeris and time parameteihe ephemeris and time parametersistbe as follows:

M = the string number within the frame;

t« = the time referenced to the beginning of the frame within the current day. It is calculated acct
to the satellite time scale. The integer number of hours elapsed since the beginning of the «
day is registered in the 5 MSBs. The integer numbenintites elapsed since the beginning of
current hour is registered in the next 6 bits. The number 6686ond intervals elapsed since 1
beginning of the current minute is registered in the one LSB. The beginning of the day acco
the satellitetime scale coincides with the beginning of the recurrent superframe;

tb = the time interval within the current day according to UTC(SU) + 03 hours 00 mi
immediate data transmitted within the frame are referred to the middle ef
Duration of the time interval and therefore the maximum valuegddpends on the
value of the flag P1;
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1 n(tn) = the relative deviation of predicted carrier frequency value e$atellite from the

nominal value at theénstant t, i.e.

fn (tb)_an
W Valty) =g
h
e
r
e
fo(tn) = the forecast frequency of-satellite clocks at an instang;t
frn = the nominal value of frequency ofsatellite clocks;

the correction to the msatellite time 1, relative to GLONASS
time tcat an instant§>  (Eo)ES(D) C th(ty);

_n(tb)

Xn(to), Y(th), Z(ts) the coordinates oh-satellite in PA0 coordinate system at an inste

to;

the velocity vector components ofsatellite in PA0 coordinate

system at an instang}

the acceleratiorcomponents of rsatellite in P20 coordinate syste

at an instant §, which are caused by effect of sun and moon;

En =y AYRAOFGAZ2Y 27F (GKS al 3S¢ 2
interval elapsed since the instant of @alculation (uploading) until tt
instant §, for n-satellite;

Xa(tb), Yn(tn), Za(to)

X (to)Yn(tn), Zn(to)

Bn = the health flag. Values greater than 3 indicate the fact of malfunc
of given satellite;
P1 = a flag indicating the time interval between the current and prev

value of the § parameters in minutes as shown:
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P1 Time interval between adjacent values of t, in minutes

0 0
1 30
10 45
11 60

P2 = aflag indicating whether the value ofk & 2 RR 2 NJ S @
indicates a 3@ninute interval of service information transmit, & 1,
0 p X0X | @I f dzS-migule intermaf of deywiB
information transmit (' HX ¢ X mMn XOT

P3 = a flag indicating the number of satellites for which an alman
GNF YAYAGGSR gAGKAY | 3IAGBSYy TFI
Gné O2NNBalLRyRa G2 n aldStfAd

Na = the time difference between the navigation RF signal transmitted
sub-band and navigation RF signal transmitted in Ltsaid by give
satellite:

n_y dqt1d¥n

where 1, tr are the equipment delays in L1 and L2 $amds respectively, expressed in units of
time.

3.2.1.3.2 Ephemeris and time parameterBhe ephemeris and time parametemustbe as indicated in Table B
17. For the words for which numeric values niaypositive or negative, the M3Bustbe the sign
OAUl® ¢KBUSORMNINB@&ALR YR (2 (KS dmbstO2aNINDya LI2WER (1RS

sign.

3.2.1.3.3 Arrangement of the ephemeris and time parametekstangements of the ephearis and time
parameters within a framenustbe as indicated in Table BB.

3.2.1.3.4 Almanac parameterslhe almanac parametersustbe as follows:
A =anindex showing relation of this parameter with the almanac;

M4, =an index of the modificationof¥d I 4G St t AGSY anné AYyRAOIF{GSa& D]
indicates GLONAS®& satellite;
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_c= the GLONASS time scale correction to UTC(SU) tim& ZhdINI (sipifed st the instant

of day N

NA = the calendar day number within they#ar period beginning since the leap year. The
O 2 NNB @rid btBey'almanac data (almanac of orbits and almanac of phases) relate to this

day number;

n* =the slot number occupied by-satellite;

HY =the channel number of a carrier frequency dfsatellite (Table &6);

<, =the longitude of the first (within the Nday) ascending node of\satellite orbit in P20

coordinate system;

tA, =the time of the first ascending node passage déatellite within N-day;

Table B17. Ephemeris and time parameters
Number Scale factor Effective

Parameter of bits (LSB) range Units
m 4 1 dimensionless

5 1 0to 23 hours
tk 6 1 0to 59 minutes

1 30 Oor30 seconds
tp 7 15 15...1 425 minutes
4 n(to) 11 2¢40 +2¢30 dimensionless
_n(tp) 22 2¢30 +249 seconds
Xn(tb), Yn(to), Z(tb) 27 2¢11 +2.7 x 160 km
Endtod = (168 & (tn) G 24 2¢20 +4.3 km/second
X'n (tb), ¥'n (to), Z'n (tb) 5 2¢30 6.2 x 16 km/second
E 5 1 O0to 31 days
Bn 3 1 Oto7 dimensionless
P1 2 as detailed in 3.2.1.3.1
P2 1 0,1 dimensionless
P3 1 1 0;1 dimensionless

5 +13.97 x 1¢9 seconds
Na 2¢30
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Table B-18. Arrangements of the ephemeris and time parameters within the frame

Number String number Bit number
Parameter of bits within the frame within the frame
m 4 1...15 81 -84
ty 12 1 65-76
ti 7 2 70-76
alty) 11 3 - 69 — 79
Ta(th) 22 4 59 80
Xulty) 27 1 935
Valty) 27 2 9-35
z(ty) 27 3 935
Xu(ty) 24 1 41 — 64
Valty) 24 2 41— 64
Z(t) 24 3 41— 64
Xu(ty) 5 1 36 —-40
§(ty) 5 2 3640
Za(ty) 5 3 36— 40
E, 5 4 49 53
B. 3 2 78 — 80
Pl 2 1 77-78
P2 1 2 77
P3 1 3 80
Aty 5 4 54— 58

n Al y= the correction to the mean value aiclination of ri-satellite at instant of £\,
(mean value of inclination is equal to 63 degrees);

n ¢ ! = the correction to the mean value of Draconian period of thesatellite at the instar
of t#, (mean value of Draconian period T is equal to 43 200 seconds);

n ¢Ae = the rate of change of Draconian period dfsatellite;

s 1y = the eccentricity of frsatellite at instant of £;

Iy = the argument of perigee offrsatellite at the instant of £;

_ ! ¥y = the coarse value of‘rsatellite time correction to GLONASS time at instant/f, t
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CAn = | 3SySNItATl SR AsglieSat ibstarft of alfidnac Bigloadalna
of orbits and phasedVhen G = 0, this indicates that-atellite is noroperational
When G = 1, this indicates that-satellite is operational.

3.2.1.3.5 Partition and coding of almanac parameterShe GLONASS almanac, transmitted within the

superframe,must be partitioned over the superframe, as indicated in TablEdBThe numeric

values of almanac parametensust be positive or negative. The M®must be the sign bit, the

OKA Lust@ZNNB aLR YR (2 GKS dmbstcoNINSHYLR yIRY Ris2k HigKdSO €
almanac parametersiustbe coded as indicated in Table2B.

3.2.1.3.6 Arrangement of the almanac parametersrrangement of the almanac words within the frameist

be as indicated in TableA.

3.2.1.4 Content And Structure Of Additional Data Transmitted By GlonbtSatellites

3.2.1.4.1 Letter designation of additional datén addition to the GLONASS data, GLONASStellitesmust

transmit the following additional data as indicated in TeEaB17A:

n 1 an index of the satellite transmitting the given navigation signal: it corresponds to a slot
number within GLONASS constellation;

lh T healthflagforai K al 6 Stt AGSY-iHNn&lI 6 GRADEESAAGKSI i
malfunction of the rth satellite;

Blt O2SFFTFAOASYG (2 RSGSNXYAYS npnlemY AdG Aa Sljdz €
beginning of the day (), expressed in seconds;

B2t O2SFTFTAOASY:G G2 RSOGSNXYAYS p!lemY AG Aa Sidz
(expressed in seconds for a mean sun day).

These coefficientmustbe used to transform between UTC(SU) and UT1:
niemr jqwr { | 0
where
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UT1t Universal Time referenced to the Mean Greenwich Meridian (taking account of Pole
motion),

UTC(SU) Coordinated Universal Time of the Russian Federation State Standard,

nlemr . michb),.H P 6b
KPt notification of a forthcoming leap secomdrrection of UTC (x1 s) as shown:

KP UTC second correction data

00  No UTC correction at the end of the current quarter
01  UTC correction by plus 1 s at the end of the current quarter
11 UTC correction by minus 1 s at the end of the current quarter

Compliance NoteGLONASS system timescale correction is usually performed once a year at
midnight 00 hours 00 minutes 00 seconds in accordance with the early notification of the
International Time Bureau (BIH/BIPM) at the end of a quarter:

from 31 December to 1 Jamya first quarter,
from 31 March to 1 April second quarter,
from 30 June to 1 Juty third quarter,

from 30 September to 1 Octoberfourth quarter.

Nr T current date, calendar number of the day within the fepgar interval startig from 1
January in a leap year;

Compliance NoteAn example of Ntransformation into the common form of current data
information (dd/mmlyy) is presented in Attachment D, 4.2.7.1.

N4t four-year interval number starting from 1996;

Fr1 a parameter that provides the predicted satellite user range accuracy at tirGeding is as
indicated in Table B7B;

M1 type of satellite transmitting the navigation signal. 00 refers to a GLONASS satellite; 01 refers
to a GLONASY satellite;
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P4t Ff 13 G2 aKz2g¢g GKI

dzLJRF 6§ SR SLIKSYSNR A LI NI} YS

ephemeris or frequency/time pameters have been uploaded by the control segment;

Compliance Notepdated ephemeris or frequency/time information is transmitted in the next

interval after the end of the current interval t

Pt technological parameter of control segmenticating the satellite operation mode in

respect of time parameters:

00 T LI NI YSGSNI NBf I @ SR cipdinfeteO@ayad R@ntcontoSsBomsny; i =

01 T LI NFYSGSNI NBf I @8 SR EBrdmetdr2cylculbi®dt oboar® ther Sy G =

GLONASM satellite;

10 T _c parameter calculated oboard the GLONASS & I (i Sdsparanie@rTrelayed from

control segment;

11 1 _cparameter calculated oboard the GLONASS & | (i SkphrametSricalculated on

board the GLONASS satellite;

_epsT correction to GPS time relative to GLONASS time:

TGPS Tell N &ps here

ne Aa GKS A ¥isShg Sadtlonalphtibbihe difference between the system

timescales expressed in seconds.

Compliance Notéefhe integer parpT is determined from the GPS navigation message by the

user receiver.
MA, T type of satellite AY O2 RA y 3
GLONASBHI satellite.

anné AYRAOFIGSa + D[hb! {{

3.2.1.4.2 Additional data parametersAdditional data parameterare defined in TablesH A to B18A.
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3.2.1.4.3 Location of additional data words within GLONA&8avigation messagelhe required location of
additional data words within the GLONAS®Savigation message is defined in Tabl&8A.

Table B-17A. Additional data parameters

Parameter No. of bits Scale factor (LSB) Effective range Units
n 5 1 0 to 31 Dimensionless
N 1 1 0;1 Dimensionless
Bl 11 2710 +0.9 seconds
B2 10 21 (-45103.5) =107 s/mean sun day
KP 2 1 0to3 Dimensionless
Nt 11 | 0tol461 days
N 5 1to31 four-year interval
Fr 4 See table B-17B
M 2 1 0to3 Dimensionless
P4 1 1 0; 1 Dimensionless
P 2 1 00,01,10,11 Dimensionless
Teps 22 2730 +1.9 % 107 seconds
M*, 2 1 0to3 Dimensionless

Table B-17B. F1 word coding

Fr value Pseudorange accuracy. 1 sigma (m)
0 1
1 2
2 2.5
3 1
4 5
5 7
6 10
7 12
8 14
9 16
10 32
11 64
12 128
13 256
14 512
15 Not used
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Table B-18A. Location of additional data words within the GLONASS-M navigation message

String number within the

Word Number of bits superframe Bit number within the string
n 5 4,19, 34,49, 64 11-15
L 1 5.7.9,11, 13, 15, 20, 9

22,24, 26, 28, 30, 35,
37,39,41, 43, 45, 50,
52,54, 56, 58, 60,
65,67,69,71,73,75
3, 18,33, 48,63 65
B1 11 74 (within the superframe) 70 - 80
B2 10 74 (within the superframe) 60— 69
KP 2 74 (within the superframe) 58-59
Nt 11 419,34, 49, 64 16 -26
N, 5 5,20, 35, 50, 65 32-36
Fr 4 4,19, 34, 49, 64 30-33
M 2 4,19, 34, 49, 64 9-10
P4 1 4,19,34, 49, 64 34
P 2 3. 18,33, 48, 63 66 — 67
Gps 22 5,20, 35, 50,65 10-31
M*, 2 6,8,10,12, 14 78 -79

Table B-19. Almanac partition within the superframe

Frame number
within the superframe

Satellite numbers. for which almanac is
transmitted within given frame

LIPS T S VR N R

1to5
6to 10
I1to 15
16 to 20
21t024
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Table B-20.

Almanac parameters coding

Number

Scale factor

Parameter of bits (LSB) Effective range Units
M, 2 1 0to3 dimensionless
Te 28 27 +1 seconds
N* 11 1 1to 1461 days
n* 5 1 1 to 24 dimensionless
H* 5 | 0to 31 dimensionless
Aa 21 2'2_0 +1 semi-circles
thA, 21 27 0 to 44 100 seconds
Ai*a 18 27 =0.067 semi-circles
AT 22 2° +3.6 = 10° seconds/revolution
AT, 7 P +278 seconds/revolution®
=t 15 27 0to 0.03 dimensionless
o 16 271 +1 semi-circles
A, 10 278 £19 =107 seconds
C™ 1 | Otol dimensionless
Table B-21. Arrangement of almanac parameters within the frame
Number String number Bit number
Parameter of bits within the frame within the string
M*a 2 6.8.10,12, 14 78 =79
Te 28 5 42 -69
N4 11 5 70 — 80
n* 5 6,8, 10,12, 14 73-77
H* 5 7,9,11,13,15 1014
A 21 6,8, 10, 12, 14 42 -62
hA, 21 7,9,11,13,15 44 — 64
Ai*a 18 6,8.10,12, 14 2441
AT 22 7,9,11,13,15 22-43
A 7 7,9,11,13, 15 1521
g 15 6,8, 10,12, 14 9-23
o™a 16 7,9.11,13, 15 65— 80
tA, 10 6,8.10,12, 14 63-72
C* 1 6.8, 10, 12, 14 80

Note.— String numbers of the first four frames within superframe are given. There are no

almanac parameters in 14th and 15th strings of 5th frame.

3.2.2 Definitions Of Protocols For Data Application
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Compliance NoteThis section defines the intelationships of the data broadcast message
parameters. It provides definitions of parameters that are not transmitted, but are yseiHer

or both nonaircraft and aircraft elements, and that define terms applied to determine the
navigation solution and its integrity.

Table B-22. Parity checking algorithm

b85, b84, ..., bl0, b9 are the data bits (position 9 to 85 in the string);
B1, B2, ..., B8 are the check bits of the Hamming code (positions 1 to 8 m the string);
¢y, €3, ..., €7, cr are the checksums generated using the following:

c1=p B [E; bilmoaz
i = 9 10 12, 13,15 17,1920, 22, 24 26, 28. 30, 32. 34, 35.37. 39, 41, 43, 45, 47. 49_51. 53.
55.57.59. 61. 63, 65, 66. 68, 70, 72. 74, 76, 78. 80, 82, 84.

¢y =P B [bi]xear
i = 9. 11,12, 14,15, 18,19, 21, 22, 25, 26, 29. 30, 33, 34, 36, 37, 40, 41, 44, 45, 48, 49, 52, 53,
56.57,60, 61, 64,65, 67, 68, 71,72, 75. 76, 79_ 80, 83, 84.

c3=P3 D [Ty by Jmoar
k = 10 11,1216, 17. 18,19, 23. 24,25, 26, 31. 32, 33 34, 38.39. 40. 41_ 46, 47, 48, 49_ 54_ 55
56.57. 62, 63. 64,65, 69. 70, 71, 72. 77. 78, 79. 80, 85.

cs=P4 D [ bluoar
1 = 13.14.15 16, 17. 18,19, 27,2829, 30, 31. 32, 33, 34, 42_ 43_ 44_45_46, 47, 48, 49_ 5859,
60. 61, 62, 63. 64, 65, 73. 74, 75, 76. 77, 78, 79. 80.

c5=Ps5 D [Ex b Jmodr
m = 20,2122, 23,24, 25, 26,27, 28, 29, 30, 31, 32, 33, 34, 50, 51, 52, 53, 54. 55, 56, 57, 58, 59
60,61, 62 63,64, 65, 81,82 83 84 85.

]

cs=Ps P [Zn Dalmoa2
n = 35 36,3738, 39 40,41, 4243, 44 45,46 47,48 49,50.51. 52, 53. 54, 55, 56, 57. 58, 59,
60, 61,62, 63,64, 65.

7= |3 ;@B [Zp bp]mdl
p = 66,67.68,69, 70, 71,72 73, 74,75 76, 77,78,79, 80,81, 82, 83, 84, 85.

cz=[ZP o] mod2 @ [Z bi)moa2
q = 1,.2,3.4.56.7.8
r = 9 10 11.12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22. 23, 24, 25, 26, 27, 28, 29, 30, 31. 32, 33,
34. 35,36, 37, 38, 39, 40, 41, 42, 43, 44_ 45 46, 47, 48, 49, 50, 51, 52. 53, 54, 55, 56, 57, 58,
59. 60, 61. 62. 63, 64. 65, 66. 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83,
84, 85.
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3.2.2.1 Parity checking algorithm for data verificatiofhe algorithm shown in TableZ2 and as detailed below

32211

3.2.2.1.2

3.2.2.2

3.2221

is used to detect and correct an error of 1 bit within the string and to detect an error of 2 or more
bits within a string.

Each string includes the 85 data bits where the 77 MSBatarehips (b, s~  X%o,200), @and the 8

[{.&8 INB GKS OKSOl o0AlGR 2FTX%IJiYYAy3d O2RS fSy3a
To correctHit errors within the string the following checksums are generateg:d&  X,Zand@

detect 2bit errors (or moreevennumberof-bits errors) a checksum is generated, as shown in

Table B22. The following is used for correcting single errors and detecting multiple errors:

a) A string is considered correct if all checksums.(c ¢, and¢) areeqh t G2 dné s 2NJ
of the checksums (c...,60 A& SljdzZ,Aa0iBljdaé KEZRaDE D

b) If two or more of the checksumsi(c..,e0 | NB Slj dzk X & (2l deimfé & 3/ RG DE =

Gaé Ada O2NNBOGSR (2 (feiéwing hilpisiioh:i S OKIF NI Od SNJ
Gedé A0 +8CY S LINE OARSRK §RIZG & A
o KSNBcBERaE Ad F 0AYENE ydzYo SN ISy §Mithis Beldg FNB Y
the LSB and;being the MSB. K is the ordinal number of the most significant checksum not equal
G2 ané¢o
If icor > 85, then there is an odd number of multiple errors, and the datstbe rejected.
c) If at least one of the checksumsy,(c.., 6) is equal tod M ¢ [AYER SJjdz- £ G2 G n¢é
checksums ¢¢....,e0 ' NB Sljdzixa (&l deinfe dRAzGaé > GKSYy GKS

the datamustbe rejected.

Satellite Clock Correction Parameters

GLONASS system time is determined as:
teLonass kb n(th) ¢! n(th) (tk G t)

where &Z n(th0 X(tv)‘are parameters described in 3.2.1.3.1.
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3.2.2.2.2 GLONASS time is related to National Time Service of Russia (UTC(SUpptcatddbelow:
G!' ¢/ 6{! 0 T oBhohrsA0Mmihutes _ O

where

_cis a parameter described in 3.2.1.3.4 and
03 hours 00 minutes is continuous time shift caused by difference between Moscow time and

Greenwich time.

3.2.2.3 Satellite Position

3.2.2.3.1 The current satellite position is defined using ephemeris parameters from GLONASS navigation, as
indicated and in Table-B7.

3.2.2.3.2 Recalculation of ephemeris from instambinstanttg A G KA Yy (0 Ki5= tAqtll Sk p ¥ Ly dzi
is performed using a technique of numeric integration of differential equations describing the
motion of the satellites. In the righhand parts of these equations the accelerations are
determined using the gravitational constantaind the second zonal harmonic of the geopotential
Fowhichdefines polar flattening of the earth, and accelerations due to-fatar perturbation are
taken into account. The equations are integrated in the9BZ3.2.5) coordinate system by
applying the Rung&utta technique of fourth order, as indicated below:
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%2 7L—;\ —;Jgu%gx(lfif) +olx 20V, + &

dt r? 277 18
where
ro= (Jx2+yi4z?;
n = earth’s universal gravitational constant (398 600.44 = 10° m’/s%);
a. = major semi-axis (6 378 136 m);
Py, = second zonal harmonic of the geopotential (1 082 625.7 = 10™); and

© earth’s rotation rate (7.292115 = 107 radians/s).

Coordinates x,(t,). va(ts). Z4(ty). and veloeity vector components %, (t,) = V. ¥, () = Vy. z, () = V; are initial conditions for
the integration. Accelerations due to luni-solar perturbation X, (), ¥a (f), Z, () are constant on the integration interval
+15 minutes.

3.2.3 Aircraft Elements
3.2.3.1 GNSS (GLONAB&jeiver

3.2.3.1.1 Satellite exclusianThe receivemust exclude any satellite designated unhealthy in the GLONASS
navigation message.

3.2.3.1.2 Satellite trackingThe receivemust provide the capabilityd continuously track a minimum of four
satellites and generate a position solution based upon those measurements.

3.2.3.1.3 Doppler shiftThe receivemustbe able to compensate for dynamic Doppler shift effects on nominal
GLONASS signal carnase and standard code measurements. The receinest compensate
for the Doppler shift that is unique to the anticipated application.

3.2.3.1.4 Resistance to interferenc&he receivemust meet the requirements for resistance to interénce as
specified in 3.7.

3.2.3.1.4.1 Intrasystem interferencé/Vhen receiving a navigation signal with frequency channel k = n, the
interference created by a navigation signal with frequency channel number&Eark =n + 1
must not be nore thanc48 dBc with respect to the minimum specified satellite power at the
surface of the earth provided that the satellites transmitting these signals are simultaneously
f20F0SR Ay dzaASNDa GAaroAfAide T2ySo
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Compliance Note: The intrasystem interference is the intercorrelation properties of the ranging
pseuderandom signal with regard to frequency division multiple access.

3.2.3.1.5 Application of clock and ephemeris dat&e receivemustensure that it is usinthe correct ephemeris
and clock data before providing any position solution.

3.2.3.1.6 Leap second correctioblpon GLONASS time leap second correction (see 3.2.1)3He tIGLONASS
receivermustbe capable of:

a) generating a smooth and valid series of pseudonge measurements; and
b) resynchronizing the data string time mark without loss of signal tracking.

3.2.3.1.6.1 After GLONASS time leap second correction the GLONASSmestivilize the UTG@ime as
follows:

a) utilize the old (prior to the correction) UTC time together with the old ephemeris (transmitted
before 00 hours 00 minutes 00 seconds UTC); and

b) utilize the updated UTC time together with the new ephemeris (transmitted after 00 B8urs
minutes 00 seconds UTC).

3.24 Time

3.2.4.1 Forthe GLONAgSatellites, the navigation messagristcontain the data necessary to relate UTC(SU)
time to UT1. GLONASS timeistbe maintained to be within 1 millisecond of UTC(SU) time after
correction for the integer number of hours due to GLONASS control segment specific features:

| t sLonas€ (UTC + 03 hours 00 minutes) | <1 ms

The navigation datanust contain the requisite data to relate GLONASS time to UTC time (as
maintained by the National Time Service of Russia, UTC (SU)) within 1 microsecond.

ComplianceNote 1.Thetimescales of GLONASS satellites are periodically compared with central
synchronizer time. Corrections to the timescales of GLONASS satellites relative to GLONASS time
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and UTC(SU) time are computed at the GLONASS ¢gpasad control complex and uploadex t
the satellites twice per day.

CompliancéNote 2.There is no integesecond difference between GLONASS time and UTC time.
The GLONASS timescale is periodically corrected to integer number of seconds simultaneously with
¢/ O2NNBOUA2ya HKAOK | NB LISNF 2N SRnofifiéatia NRA Y :
(leap second correction). These corrections are performed at 00 hours 00 minutes 00 seconds UTC
time at midnight at the end of a quarter of the year. Upon the GLONASS leap second correction
the time mark within navigation message changes ibsition (in a continuous timescale) to
become synchronized with-second epochs of corrected UTC timescale. GLONASS users are
notified in advance on these planned corrections. For the GLGMAS®RIlites, notification of

these corrections is provided tsers via the navigation message parameter KP.

3.2.4.2 Accuracy of mutual satellite timescales synchronizatistbe 20 nanoseconds (1 sigma) for GLONASS
satellites and 8 nanoseconds (1 sigma) for GLOWNASSellites.

3.2.4.3 The correicin to GPS time relative to GLONASS time (or difference between these timescales) broadcast
by the GLONASS & | (i Scbsmisin& &xEeed 30 nanoseconds (1 sigma).

Compliance Noté: K S | O O da¥(30 G5 is det€rmined with reference to the GPS SPS coarse

acquisition signal and may be refined upon completion of trials of the GLONASS system using
GLONASH) satellites.

3.2.5 Coordinate System

3.2.5.1 PZ90 (Parameters of common terrest ellipsoid and gravitational field of the earth 1990he GLONASS
broadcast ephemerisustdescribe a position of transmitting antenna phase centre of a given satellite in the PZ
90 earthcentred eartHixed reference frame.

3.2.5.2 Conversion Betwee?Z90 and WGS84

3.2.5.2.1 The following conversion parametemsaybe used to obtain position coordinates in W& (version
G1674) from position coordinates in®& (Version RR0.11):
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X 1 0.0097 x 10™° 0.2036 x 10791 [X 0.003
Y = [—0.0097 x 107° 1 0.0921 x 1077 x |V + 0.001]
Zlwgs—s4 —0.2036 x 107° 0.0921 x 107° 1 Zlpz_qg 0

Note 11 X, Y and Z are expressed in metres. The difference between versio \((&674)
and P20 (P20.11) is not signifiad with respect to operational requirements.

Note 21 Guidance material on conversion betweerI®zand WGS4 is provided in
Attachment D, section 4.2.9.3.

3.3 Combined use of GPS and GLONASS
3.3.1 Aircraft Elements

3.3.1.1 Combined GNSS receivEhe combined GNSS receiwaust process signals from GPS and GLONASS in
accordance with the requirements specified in 3.1.3.1, GPS (GNSS) receiver, and 3.2.3.1, GLONASS
(GNSS) receiver.

3.3.1.1.1 Resistance to interferenc€he combined GNSS receiveust meet the individual requirements for
GPS and GLONASS as specified in 3.7.

3.3.1.2 Antenna(e) GPS and GLONASS signailst be received through one or more antennae.
Compliance Note: Performance characteristics of GNSS receiver antennae are defined in 3.8.

3.3.1.3 Conversion between coordinate systefasition information provided by a combined GPS and GLONASS
receivermustbe expressed in WGEH! earth coordinates.

3.3.1.3.1 The GLONASS satellite position, obtained #@PZoordinate framemaybe converted to account for
the differences between WG®t and P20, as defined in 3.2.5.2

3.3.1.4 GPS/GLONASS tinW#hen combining measurements from GLONASS and GPS, the difference between
GLONASS time and GPS timestbe taken into account

3.3.1.4.1 GPS/GLONASS receimestsolve for the time offset between the core constellations as an additional
unknown parameter in the navigation solution and not only rely on the time offset broadcast in
the navigation messages.
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3.4 Arcraft-based augmentation system (ABAS)

Compliance NoteGuidance on ABAS is given in Attachment D, section 5.

3.5 Satellitebased augmentation system (SBAS)
3.5.1 General

Compliance NotdParameters in this section are defined in \AB3S

3.5.2 REharacteristics

3.56.2.1 Carrier frequency stabilityThe shorterm stability of the carrier frequency (square root of the Allan
Variance) at the output of the satellite transmit antenmaust be better than 5 x 19 over 1 to
10 seconds.

3.5.2.2 Carrier phase nois@he phase noise spectral density of the unmodulated camigst be such that a
phase locked loop of 10 Hz osiled noise bandwidth is able to track the ¢arto an accuracy
of 0.1 radian (1 sigma).

3.56.2.3 Spurious emissionS$purious emissionaust be at least 40 dB below the unmodulated carrier power
over all frequencies.

3.5.2.4 Code/carrier frequency coherendéne shorterm (less tharlO seconds) fractional frequency difference
between the code phase rate and the carrier frequenayst be less than 5 x 18 (standard
deviation). Over the long term (less than 100 seconds), the difference between the change in the
broadcast code phase, converted to carrier cycles by multiplying the number of code chips by 1
540, and the change in the broadcast carrier phaseyclesmust be within one carrier cycle
(standard deviation).

Compliance Notefhis applies to the output of the satellite transmit antenna and does not include
code/carrier divergence due to ionospheric refraction in the downlink propagation path.

3.5.2.5 Correlation lossThe loss in the recovered signal power due to impeides in the signal modulation
and waveform distortiormustnot exceed 1 dB.

173



>y TECHNICAL STANDARDS
f NamibiaCivil AviationAuthority - (NAMCATYS)
” Safety Division
NAA Part171 ATELg Volume 1

Compliance NoteThe loss in signal power is the difference between the broadcast power in a
2.046 MHz bandwidth and the signal power recovered by a ficse Issfree receiver with 4
chip correlator spacing and a 2.046 MHz bandwidth.

3.5.2.6 Maximum code phase deviatiofihe maximum uncorrected code phase of the broadcast
signalmustnot deviate from the equivalent SBAS network time (SNT) by more##& seconds.

3.5.2.7 Code/data coherencdzach 2nillisecond symbahustbe synchronous with every other
code epoch.

3.5.2.8 Message synchronizatioiihe leading edge of the first symbol that depends on the first bit of the current
messagenustbe broadcast from the SBAS satellite synchronous witlsecbhnd epoch of SNT.

3.5.2.9 Convolutional encodind 256bit-per-second data strearmustbe encoded at a rate of 2 symbols per
bit using a convolutional code with a constraint length of 7 to yield 500 symbols per second. The
convolutional encoder logic arrangemeanustbe as illustrated in Figure BL with the G3 output
selected for thdirst half of each 4millisecond data bit period.

3.5.2.10 Pseuderandom noise (PRN) coddsach PRN codaustbe a 1 023it Gold code which is itself the
Modulo-2 addition of two 1 023it linear patterns, G1 and GZhe GXxequencenustbe formed
by delaying the G2 sequence by the associated integer number of chips as illustrated in-Table B
23. Each oftte G1 and G2 sequencasistbe defined as the output of stage 10 of agfdge shift
register, where the input to the shift register is the Modiladdition of the following stages of
the shift register:
a) G1: stages 3 and 10; and
b) G2: stages 2,,%, 8, 9 and 10.

The initial state for the G1 and G2 shift registensstdo S A MMMMMMMMMME ®
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Table B-23. SBAS PRN codes

First 10 SBAS chips
PEN G2 delay (Leftmost bit represents first
code number (chips) transmitted chip, binary)
120 145 0110111001
121 175 0101011110
122 52 1101001000
123 21 1101100101
124 237 0001110000
125 235 0111000001
126 886 0000001011
127 657 1000110000
128 634 0010100101
129 762 0101010111
130 355 1100011110
131 1012 1010010110
132 176 1010101111
133 603 0000100110
134 130 1000111001
135 359 0101110001
136 595 1000011111
137 68 0111111000
138 386 1011010111
139 797 1100111010
140 456 0001010100
141 499 0011110110
142 883 0001011011
143 307 0100110101
144 127 0111001111
145 211 0010001111
146 121 1111100010
147 118 1100010010
148 163 1100100010
149 628 0101010011
150 853 0111011110
151 484 1110011101
152 289 0001011110
153 811 0010111011
154 202 1000010110
155 1021 0000000011
156 463 1110111000
157 568 0110010100
158 904 0010011101
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3.5.3 Data Structure

3.5.3.1 Format summaryAll messagesustconsist of a message type identifier, a preamble, a data field and a
cyclic redundancy check as illustrated in FigueB

3.5.3.2 Preamble.The preamblemust consist & (1 KS aSljdzSyO0S 2F o0AGa danmnawm.
distributed over three successive blocks. The start of every othdsit2greamble must be
synchronous with a-8econd GPS subframe epoch.

3.5.3.3 Message type identifielhe message type idéfier mustbe a 6bit value identifying the message type
(Types 0 to 63) as defined in Tables The message type identifisrust be transmitted MSB

first.

3.5.3.4 Data field The data fieldnust be 212 bits as defined in 3.5.6.dBadata field parametemust be
transmitted MSB first.

3.5.3.5 Cyclic redundancy check (CRGg SBAS message CRC okt be calculated in accordance with 3.9.
3.56.3.5.1 The length of the CRC coulsstbe k = 24 bits.
3.5.3.5.2 The CRC generator polynomiastbe:

G(X) =%+ X+ X8+ T+ X+ ¥+ X0+ X+ B+ ¥+ X+ ¥+ x+1
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Table B-24. Broadcast message types

Message type Contents
0 “Do Not Use” (SBAS test mode)
1 PRN mask
2t05 Fast corrections
6 Integrity information
7 Fast correction degradation factor
8 Spare
) GEO ranging function parameters
1 Degradation parameters
11 Spare
12 SBAS network time/UTC offset parameters
13to 16 Spare
17 GEO satellite almanacs
18 Tonospheric grid point masks
19 to 23 Spare
24 Mixed fast/long-term satellite error corrections
25 Long-term satellite error corrections
26 Tonospheric delay corrections
27 SBAS service message
28 Clock-ephemeris covariance matrix
2910 61 Spare
62 Reserved
63 Null message

3.5.3.5.3 The CRC information field, Mfx)stbe:

226
- et .
M(x)= Z m;x225% = myx?2% 4+ myx?* 4 - 4+ Myyex”
i=1

3.5.3.5.4 M(anustbe formed from the &it SBAS message preambldyibmessage type identifier, and 242
bit data field. Bitsnustbe arranged in the order transmitted from the SBAS satellite, such that m
corresponds to the first transmitted bit of the preamble, aneeicorresponds to bit 212 of the
data field.

3.5.3.5.5 The CRC codgits mustbe ordered such thatiiis the first bit transmitted and.j is the last bit
transmitted.

3.5.4 Data Content
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3.5.4.1 PRN mask parameterBRN mask parametemsustbe as follows:

PRN code numbem number that uniquely identifies the satellte PRN code and related
assignments as shown in Tabl2®

PRN mask210 PRN mask values tlarrespond to satellite PRN code numbers. The nagkt
set up to 51 of the 210 PRN mask values.

Compliance Notefhe first transmitted bit of the PRN mask corresponds to PRN code number 1.

Table B-25. PRN code number assignments

PRN code number Assignment
1-37 GPS
38-6 GLONASS slot number plus 37
62-119 Spare
120 -158 SBAS
159 - 210 Spare

PRN mask valua bit in the PRN mask indicating whether data are provided for the associated
satellite PRN code number (1 to 210).

Coding: 0 = data not provided

1 = data provided

PRN mask numbethe sequence number (1 to 51) of the mask values set in the PRN mask.

Compliance Noté: K S t wb YI &1 ydzYoSNJ Aa amé F2N GKS f 2.
twb YI&al QFftdzS A& daméd

Issue of data PRN (IODPan indicator that associatethe correction data with a PRN mask.
Compliance Notd?arameters are broadcast in the following messages:

a) PRN mask (consisting of 210 PRN mask values) in Type 1 message,;
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b) PRN mask number in Type 24, 25 and 28 messages;
c) PRN code number in Type 17 message; and
d) IODP in Type 1to 5, 7, 24, 25 and 28 messages.

3.5.4.2 Geostationary orbit (GEO) ranging function paramet&iE0 ranging function parametarsistbe as
follows:

to.ced the reference time for the GEO ranging function data, expressed as the time after midnight
of the current day.

[XgY5Z ] the position of the GEO at time fy ggo.

[XsYsZ¢]: the velocity of the GEO at time to geo.

[X;¥;Z;]: the acceleration of the GEO at time ty ggo.
acro. the time offset of the GEO clock with respect to SNT, defineglcabt
acn: the drift rate of the GEO clock with respect to SNT.

User range accuracy (URAn indicator of the rooimeansquare ranging error, excluding
atmospheric effects, as dedioed in Table 6.

Compliance NoteAll parameters are broadcast in Type 9 message.
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Table B-26. User range accuracy
URA Accuracy (rms)
0 2m
1 2.8m
2 4m
3 5.7m
4 8m
5 11.3m
6 16m
7 32m
8 64 m
9 128 m
10 256 m
11 512m
12 1024 m
13 2048 m
14 4096 m
15 “Do Not Use”

Compliance NotdJRA values 0 to 14 are not used in the protocols for data application (3.5.5).

I AND2NYS NBOSAISNE

gAfE y23 dza8 GKS D9h NI y3IJ

3.5.4.3 GEO almanac parameteiGEO almanac parametarsustbe as follows:

PRN code numbesee 3.5.4.1.

Health and statusan indication of the functions provided by the SBAS. The service provider
identifiers are shown in TableZ .

Bit 0 (LSB)
Bit 1

Bit 2

Bits 3
Bits4to 7

Coding:

Ranging On (0) Off (1)
Precision corrections On (0) Off (1)
Satellite status and basic corrections On (0) Off (1)

Spare
Service provider identifier

Compliance NoteA service provider ID of 14 is used for GBAS and is not applicable to SBAS.
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[X6.aY6.4Zg 4] the position of the GEO at time tjaac-

[X G.A ?G, AZ G, A].' the velocity of the GEO at time t;anac-

tamanag the reference time for the GEO almanac data, expressed as the time after midnight of the
current day.

Compliance NoteAll parameters are broadcast iyde 17 message.

3.5.4.4 Satellite Correction Broadcast Parameters

3.5.4.4.1 Lonterm correction parametersustbe as follows:

Issue of data (IQPan indicator that associates the lotgrm corrections for the'l satellite with
the ephemeris data broadcast by that satellite.

CompliancéNote 1For GPS, the I@mDatches the IODE and 8 LSBs of the IODC (3.1.1.3.1.4 and
3.1.1.3.2.2).

CompliancéNote 2.For GLONASS, the |@icates a period of time that GLONASS data are to be
used with SBAS data. It consists of two fields as shown in T-aBle B

1 x;: for satellite i, the ephemeris correction for the x axis.
Ly for satellite i, the ephemeris correction for the y axis.
1 z: for satellite i, the ephemeris correction for the z axis.
L a50: for satellite i, the ephemeris time correction.

1 x@ for satellite i, ephemeris velocity correction for x axis.

Lya for satellite i, ephemeris velocity correction for y axis.
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1 zG for satellite i, ephemeris velocity correction for z axis.

1 a1: for satellite i, rate of change of the ephemeris time correction.

G KS GAYS 2F | LILX A OhZo &3k (3 BB E 6 T YR, nlepikelss¥dS (i S N&
in seconds after midnight of the current day.

Velocity codean indicator of the message format broadcast (Tab#8EBnd Table &9).

Coding: 0= 1 Ei6 &6 | ey Rin ard not broadcast.

1 = 1 B &6 lley Rinard broadcast.

Compliance NoteAll parameters are broadcast in Type 24 and 25 messages.

Table B27  SBAS service provider identifiers
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Identifier Service provider

0 WAAS
1 EGNOS
2 MSAS
3 GAGAN
4 SDCM
5 BDSBAS
6 KASS
7 A-ABAS
8 SPAN
91013 Spare
14,15 Reserved

Table B28 10D for GLONASS satelllites

MSB LSB

Validity interval (5 bits) Latency time (3 bits)

3.5.4.4.2 Fast correction parametensistbe as follows:

Fast correction (FCfor satellitei, the pseuderange correction for rapidly varying errors, other
than tropospheric or ionospheric errors, to be added to the pseraide after applicéon of the
longterm correction.

Compliance Notefhe user receiver applies separate tropospheric corrections (3.5.8.4.2 and
3.5.8.4.3).
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Fast correction type identifiean indicator (0, 1, 2, 3) of whether the Type 24 message contains
the fast correction and integrity data associated with the PRN mask numbers from Type 2, Type
3, Type 4 or Type 5 messages, respectively.

Issue of datéast correction (IOQfan indicator that associates UDRRilith fast corrections. The
indexj mustdenote the message type (j = 2 to 5) to which ICGIpplies (the fast correction type
identifier +2).

Compliance Notefhe fast correction type identifier is broadcast in Type 24 messages.iahe FC
broadcast in Type 2 to 5, and Type 24 messages. Thead@DFoadcast in Type 2 to 6, and Type
24 messages.

3.5.4.5 Fast and londerm correction integrityparameters Fast and longerm correction integrity parameters
mustbe as follows:

UDREIF Y A Y RA OF i 2 NJ? ibddor SatelRd FsxlgsSiked it Kabled®.

Model variance of residual clock and ephemeris errofsudry: the vaiance of a normal
distribution associated with the user differential range errors for satdllifter application of fast
and longterm corrections, excluding atmospheric effects and used in horizontal protection
level/vertical protection level computains (3.5.5.6).

Compliance NoteAll parameters are broadcast in Type 2 to 6, and Type 24 messages.
3.5.4.6 lonospheric correction parametetenospheric correction parametersustbe as follows:
IGP maska set of 11 ionospheric grid point (IGP) band masks defined in T&le B

IGP band masla set of IGP mask values which correspond to all IGP locations in one of the 11 IGP
bands defined in Table-80.
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Table B-29. Evaluation of UDREIL,

2

UDRETL Gi.UDRE
0 0.0520 m’
1 0.0924 m’
2 0.1444 m’
3 0.2830 m’
4 0.4678 m’
5 0.8315m>
6 1.2992 m’
7 1.8709 n
8 2.5465 m’
9 3.3260 m’
10 5.1968 m’
11 20.7870 m’

230.9661 m”

—_—
2

13 2 078.695 m’
14 “Not Monitored”
15 “Do Not Use”

IGP mask value bit indicating whether data are provided within that IGP band for the associated

IGP.
Coding: 0= data are notprovided
1 = data are provided

Number of IGP bandthe number of IGP band masks being broadcast.

IGP band identifiethe number identifying the ionospheric band as defined in Tak$€.B

IGP block identifietthe identifier of the IGP block. The IGP blocks are defined by dividing into
groups of 15 IGPs the sequence of IGPs within an IGP band mask which have |GRuessit

GamMé ® ¢KS LDt o0ft201a FNB ydZYoSNBR Ay Iy 2NRSN

Validity interval (V)the time interval for which the GLONASS ephemeris data are applicable
(coded with an offset of 30 s) as described in Takdd B
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Latency time (L)the time interval between the time the last GLONASS ephemeris has been
received by the ground segment and the time of transmission of the first bit of thetény

correction message at the GE)tas described in TableR.

IODk: an indication of when the'kIGP band mask changes.

IGP vertical delay estimatan estimate of the delay induced for a signal at 1 575.42 MHz if it
traversed the ionosphere vertically at the IGP.

/ 2RAY3IAY ¢KS o0Al0 LI GaSBYb@umvmpmBmmdmmé

GIVEIF Y A Y RA O 2 NJ%&vkas descib&TniTsbe®. ( K S

AYRAOI (82

Model variance of residual ionospheric error$ qva: the variance of a normal distribution

associated with the residual ionospheric vertical error at the IGP for an L1 signal.

Compliance NoteAll parameters are broadcast in Type 18 and Type 26 messages.

Table B30. IGP locations and bamidimbers

Transmission order in
IGP location IGP band mask

Band 0

180 W 75S, 65S, 558, 50S, 458, ..., 45N, 50N, 55N, 65N, 75N, 85N 1¢28

175 W 55S, 508, 45S, ..., 45N, 50N, 55N 29¢51

170 W 75S, 658, 558, 50S, 458, ..., 45N, 50N, 55N, 65N, 75N 52¢ 78

165 W 55S, 508, 458, ..., 45N, 50N, 55N 79¢ 101

160 W 75S, 65S, 558, 508, 45S, ..., 45N, 50N, 55N, 65N, 75N 102¢ 128
155 W 55S, 508, 45S, ..., 45N, 50N, 55N 129¢ 151
150 W 75S, 65S, 558, 50S, 458, ..., 45N, 50N, 55N, 65N, 75N 152¢ 178
145 W 55S, 508, 458, ..., 45N, 50N, 55N 179¢ 201
Band 1

140 W 85S, 758, 658, 55S, 50S, 45S, ..., 45N, 50N, 55N, 65N, 75N 1¢28




(QY
NCAA

NAMIBLA CIVIL AVIATION AUTHORITY

NamibiaCivil AviationAuthority -
SafetyDivision

TECHNICAL STANDARDS
(NAMCATS)

Part171 ATELVolume 1

135 W 55S, 508, 458, ..., 45N, 50N, 55N 29¢51
130 W 75S, 65S, 55S, 508, 45S, ..., 45N, 50N, 55N, 65N, 75N 52¢ 78
125 W 55S, 508, 45S, ..., 45N, 50N, 55N 79¢ 101
120 W 75S, 65S, 558, 50S, 458, ..., 45N, 50N, 55N, 65N, 75N 102¢ 128
115 W 55S, 508, 458, ..., 45N, 50N, 55N 129¢ 151
110w 75S, 65S, 558, 50S, 458, ..., 45N, 50N, 55N, 65N, 75N 152¢178
105 W 55S, 508, 458, ..., 45N, 50N, 55N 179¢ 201
Band 2

100 W 75S, 65S, 558, 50S, 458, ..., 45N, 50N, 55N, 65N, 75N 1¢27
95 W 55S, 508, 458, ..., 45N, 50N, 55N 28¢ 50

Transmission order in
IGP location IGP band mask

90 W 75S, 65S, 558, 50S, 458, ..., 45N, 50N, 55N, 65N, 75N, 85N 51¢78
85W 558, 508, 458, ..., 45N, 50N, 55N 79¢ 101
80 W 75S, 65S, 55S, 508S, 45S, ..., 45N, 50N, 55N, 65N, 75N 102¢ 128
75W 55S, 508, 45S, ..., 45N, 50N, 55N 129¢ 151
70W 75S, 65S, 55S, 508, 45S, ..., 45N, 50N, 55N, 65N, 75N 152¢ 178
65 W 55S, 508, 45S, ..., 45N, 50N, 55N 179¢ 201
Band 3

60 W 75S, 65S, 558, 508S, 45S, ..., 45N, 50N, 55N, 65N, 75N 1¢27
55 W 55S, 508, 458, ..., 45N, 50N, 55N 28¢ 50
50 W 85S, 758, 65S, 55S, 50S, 45S, ..., 45N, 50N, 55N, 65N, 75N 51¢78
45 W 55S, 508, 458, ..., 45N, 50N, 55N 79¢ 101
40W 75S, 65S, 558, 50S, 458, ..., 45N, 50N, 55N, 65N, 75N 102¢ 128
35W 558, 508, 458, ..., 45N, 50N, 55N 129¢ 151
30 W 75S, 65S, 558, 50S, 458, ..., 45N, 50N, 55N, 65N, 75N 152¢ 178
25W 558, 508, 458, ..., 45N, 50N, 55N 179¢ 201
Band 4

20w 75S, 65S, 55S, 508, 45S, ..., 45N, 50N, 55N, 65N, 75N 1¢27
15W 55S, 508, 45S, ..., 45N, 50N, 55N 28¢ 50
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now 75S, 65S, 558, 50S, 458, ..., 45N, 50N, 55N, 65N, 75N 51¢77
5w 558, 508, 458, ..., 45N, 50N, 55N 78¢ 100
0 75S, 65S, 558, 50S, 458, ..., 45N, 50N, 55N, 65N, 75N, 85N 101¢ 128
5E 558, 508, 458, ..., 45N, 50N, 55N 129¢ 151
10E 75S, 65S, 55S, 508, 45S, ..., 45N, 50N, 55N, 65N, 75N 152¢ 178
15E 55S, 508, 458, ..., 45N, 50N, 55N 179¢ 201
Band 5

20E 75S, 65S, 558, 50S, 458, ..., 45N, 50N, 55N, 65N, 75N 1¢27
25E 55S, 508, 458, ..., 45N, 50N, 55N 28¢ 50
30E 75S, 65S, 558, 50S, 458, ..., 45N, 50N, 55N, 65N, 75N 51¢77
35E 55S, 508, 458, ..., 45N, 50N, 55N 78¢ 100
40 E 85S, 75S, 658, 55S, 508, 458, ..., 45N, 50N, 55N, 65N, 75N 101¢ 128
45 E 558, 508, 458, ..., 45N, 50N, 55N 129¢ 151
50 E 75S, 65S, 558, 50S, 458, ..., 45N, 50N, 55N, 65N, 75N 152¢ 178
55E 558, 508, 458, ..., 45N, 50N, 55N 179¢ 201
Band 6

60 E 75S, 65S, 55S, 508, 45S, ..., 45N, 50N, 55N, 65N, 75N 1¢27
65 E 55S, 508, 45S, ..., 45N, 50N, 55N 28¢ 50
70 E 75S, 65S, 55S, 508, 45S, ..., 45N, 50N, 55N, 65N, 75N 51¢77

Transmission order in
IGP location IGP band mask

75E 558, 508, 458, ..., 45N, 50N, 55N 78¢ 100
80 E 75S, 65S, 55S, 508, 45S, ..., 45N, 50N, 55N, 65N, 75N 101¢ 127
85E 55S, 508, 45S, ..., 45N, 50N, 55N 128¢ 150
90 E 75S, 65S, 55S, 508, 45S, ..., 45N, 50N, 55N, 65N, 75N, 85N 151¢ 178
95 E 55S, 508, 45S, ..., 45N, 50N, 55N 179¢ 201
Band 7

100 E 75S, 65S, 55S, 508, 45S, ..., 45N, 50N, 55N, 65N, 75N 1¢27
105 E 55S, 508, 45S, ..., 45N, 50N, 55N 28¢ 50
110 E 75S, 65S, 55S, 508, 45S, ..., 45N, 50N, 55N, 65N, 75N 51¢77
115E 558, 508, 458, ..., 45N, 50N, 55N 78¢ 100
120 E 75S, 65S, 558, 50S, 458, ..., 45N, 50N, 55N, 65N, 75N 101¢ 127
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125 E 558, 508, 458, ..., 45N, 50N, 55N 128¢ 150
130 E 85S, 75S, 658, 55S, 508, 458, ..., 45N, 50N, 55N, 65N, 75N 151¢178
135 E 558, 508, 458, ..., 45N, 50N, 55N 179¢ 201
Band 8

140 E 75S, 65S, 55S, 508, 45S, ..., 45N, 50N, 55N, 65N, 75N 1¢27
145 E 55S, 508, 458, ..., 45N, 50N, 55N 28¢ 50
150 E 75S, 658, 558, 50S, 458, ..., 45N, 50N, 55N, 65N, 75N 51¢77
155 E 55S, 508, 458, ..., 45N, 50N, 55N 78¢ 100
160 E 75S, 65S, 558, 50S, 458, ..., 45N, 50N, 55N, 65N, 75N 101¢127
165 E 55S, 508, 458, ..., 45N, 50N, 55N 128¢ 150
170 E 75S, 65S, 558, 50S, 458, ..., 45N, 50N, 55N, 65N, 75N 151¢177
175 E 558, 508, 458, ..., 45N, 50N, 55N 178¢ 200
Band 9

60 N Mynz2sz MTpP2X MTN2XZ XX MCpP9Z ™ 1¢72
65N Mynz2sz MTNn2X Mcn2xz XX MpnNn9zZ ™ 73¢ 108
70N Mynz2z MTn?2% Mcn2z XZ Mpn9zZ ™ 109¢ 144
75N Mynz2sz MTn?2% Mcn2xz XZ Mpn9zZ ™ 145¢ 180
85N Mynz2s3x mMpn2x MHN2X XX Gn9% wMH 181¢ 192
Band 10

60 S Myn2sz mMTp2Z MTNn?2XZ XE MCP9Z ™ 1¢72
65S Mynz2s3 MTNn2% Mcnz2zxz XX Mpn9Z ™ 73¢ 108
70 S Mynz2s3 MTNn2% Mcnz2zxz XX Mpn9Z ™ 109¢ 144
75S Myn2sz mMtTn?2z Mcn2i XE MpnNn9Z ™ 145¢ 180
85S MTNn23% MnnNn2x MMn2zxz XX Mnn9Z ™ 181¢ 192
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Table B-31. Validity interval
Data Bits used Range of values Resolution
Validity interval (V) 5 30510960 s 30s
Table B-32. Latency time
Data Bits used Range of values Resolution
Latency time (L) 3 O0sto120s 30s
Table B-33. Ewaluation of GIVEL;
GIVEL ohiemE

0 0.0084 m’

1 0.0333 m’

2 0.0749 m’

3 0.1331 m’

4 0.2079 m’

5 0.2994 m’

6 0.4075 m’

7 0.5322 m’

8 0.6735 m’

9 0.8315 m’

10 1.1974 m’

11 1.8709 m’

12 3.3260 m’

13 20.787 m’

14 187.0826 m"

15 “Not Monitored™

3.5.4.7 Degradation parameter®egradation parameters, whenever useastbe as follows:

Fast correction degradation factor indicator;Xaan indicator of the fast correction degradation

factor (a) for the I" satellite as described in Table3B.

Compliance Not€ethe aiis also used to define the tirmait interval for fast corrections, as

described in 3.5.8.1.2.
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System latency timei{d): the time interval between the origin of the fast correction degradation
and the user differential range estimate indicator (UDR&E&rence time.

Br.: @ parameter that bounds the noise and rouatf errors when computing the range rate
correction degradation as in 3.5.5.6.2.2.

Gic_iss the maximum rounebff error due to the resolution of the orbit and clock information.
G vz the velocity error bound on the maximum range rate difference of missed messages due to
clock and orbit rate differences.

lc_vz: the update interval fordng-term corrections if velocity code = 1 (3.5.4.4.1).

G vo a parameter that bounds the difference between two consecutive #@mm corrections
for satellites with a velocity code = 0.

lc_vo the minimum update interval for lorterm message# velocity code = 0 (3.5.4.4.1).
Gseo_ishthe maximum rounebff error due to the resolution of the orbit and clock information.

Gseo_v the velocity error bound on the maximum range rate difference of missed messages due
to clock and orbit rate differences.

lces the update interval for GEO ranging function messages.

Table B34. Fast correction degradation factor

Fastcorrection degradation Fast correction degradation
factor indicator (a) factor (a)

o

0.0 mm/&

0.05 mm/g
0.09 mm/$
0.12 mm/$
0.15 mm/$
0.20 mm/$
0.30 mm/$
0.45 mm/$
0.60 mm/$
0.90 mm/$

© 00 N O O WN B
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10 1.50 mm/g
11 2.10 mm/g
12 2.70 mm/g
13 3.30 mm/g
14 4.60 mm/g
15 5.80 mm/&

G the bound on the residual error associated with using data beyond the precision
approach/approach with vertical guidance tiroeit.

Gono_step the bound on the difference between successive ionospheric grid delay values.
liono: the minimum update iterval for ionospheric correction messages.
Gono ramp the rate of change of the ionospheric corrections.

RS&ore the root-sumsquare flag for fast and lofigrm correction residuals.

Coding: 0= correction residuals are linearly summed

1= correction residuals are rodumsquared
RS&.. the root-sumsquare flag for ionospheric residuals.

Coding: 0= correction residuals are linearly summed

1= correction residuals are roesum-squared

Ceovariance the term which is used to compensate for quantization effects when using the Type 28
message.

ComplianceNote 1.The parameters jaand fa are broadcast in Type 7 message. All other
parameters are broadcast in Type 10 message.

ComplianceNote 2.If message Type 28 is not broadcasdy-fanceiS Not applicable.

3.5.4.8 Time parametersTime parameters, whenever usedpustbe as follows:



K»)T
NCAA

NAMIBLA CIVIL AVIATION AUTHORITY

TECHNICAL STANDARDS

NamibiaCivil AviationAuthority - (NAMCATS)
SafetyDivision

Part171 ATELVolume 1

UTC standard identifiean indication of the UTC reference source as defined in TaBte B

GPS timef-week countthe number of seconds that have passed since the transition from the
previous GPS week (similar to the GPS parameter in 3.1.1.2.6.1 but wile@ofid resolution).

Table B35. UTC standard identifier

UTC standard
identifier UTC standard

0 UTC as operated by the Communications Research
Laboratory, Tokyo, Japan

1 UTC as operated by the U.S. National Institute of Standar
and Technology

2 UTC as operated by the U.S. Naval Observatory

3 UTC as operated by the International Bureau of Weights :
Measures

4 Reserved for UTC as operated by a European laboratory

5 UTC as opeated by the National Time Service Center,

Chinese Academy of Sciences
6 Spare

7 UTC not provided

GPS week number (week cousBe 3.1.1.2.6.2.

GLONASS indicatarflag indicating if GLONASS time parameters are provided.

o
1

Coding: GLONASS time parameters are not provided

=
I

GLONASS time parameters are provided
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D[ hb! {{ A YHonR A paiafhéter that represents the stable part of the offset
between the GLONASS time and the SBAS network time.

ComplianceNotd: ¥ { . ! { R2Sa& V2 (clodadigidbtiappicable hb! { { = « |

UTC parametergysny Aosnt tor, WNZ (gMINss5 b | ysfdre asidlescribed in 3.1.1.3.3.6, with
the exception that the SBAS parameters relate SNT to UTC time, rather than GPS time.

Compliance NoteAll parameters are broadcast in Type 12 message.
3.5.4.9 Service region parameterService region parametersustbe as follows:
Issue of data, service (IOD&):indication of a change of the service provided in the region.

Number of srvice messageshe number of different Type 27 SBAS service messages being
broadcast. (Value is coded with an offset of 1.)

Service message numbex:sequential number identifying the message within the currently
broadcast set of Type 27 messages (from 1 to number of service messages, coded with an offset
of 1).

Number of regionsthe number of service regions for which coordinates are broadcashe
message.

Priority codean indication of a message precedence if two messages define overlapping regions.
The message with a higher value of priority code takes precedence. If priority codes are equal, the
YSaal3sS gAlGK GKS f2meeSNJ + ! 5w9 GF1S5Sa LINBOSR

LUDRE indicatainside:r Yy AYRAOF A2y 2F NBIA2YIlIE ! 5w9 RS3N
locations inside any region defined in the message, in accordance with Table B

1 UDREndicator-outside:an indication of regional UDRE degraglayi T O 2NJ 641! 5w9 0
locations outside all regions defined in all current Type 27 messages, in accordance with- Table B

36.

Coordinate latitudethe latitude of one corner of a region.
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Coordinate longitudethe longitude of one corner of a region.

Region shapen indication of whether a region is a triangle or quadrangle.

triangle
quadrangle

Coding: 0
1

CompliancéNote 1.Coordinate 3 has Coordinate 1 latitude and Coordinate @itlaake. If region

is a quadrangle, Coordinate 4 has Coordinate 2 latitude and Coordinate 1 longitude. Region
boundary is formed by joining coordinates in the sequen@3-1 (triangle) or 13-2-4-1
(quadrangle). Boundary segments have either constartutidi constant longitude, or constant
slope in degrees of latitude per degree of longitude. The change in latitude or longitude along any
boundary segment between two coordinates is less #1880 degrees.

ComplianceéNote 2.All parameters are broadcas Type 27 message.

Table Bo ¢ ® 1! 5w9 AYRAOFG2NI SOOI f dzk G A
1!1'5w9 AYRAOFG2M! 5w9
0 1
1 1.1
2 1.25
3 15
4 2
5 3
6 4
7 5
8 6
9 8
10 10
11 20
12 30
13 40
14 50

15 100
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3.5.4.10 Clockephemeris covariance matrix paramete€@ockephemeris covariance matrix parametersist
be as follows:

PRN mask numbesee 3.5.4.1.

Scale exponentA term to compute the scale factor used to code the Cholesky factorization
elements.

Cholesky factorization elementsJEElements of an upper triangle matrix which compresses the
information in the clock and ephemeris covariance matrix. These elements are used to compute
0KS dzaSNJ RAFFSNBYGAL € N} y3aS SadAYlFraS o!5w90
position.

3.5.5 Definitions Of Protocols For Data Application

Compliance Note: This section provides definitions of parameters used by theainoraft or
aircraft elements that are not transmitted. These parameters, necessary to ensure interoperability
of SBAS, are used to determine the navigation solution and its integrity pootévels).

3.5.5.1 GEO Position And Clock

3.5.5.1.1 GEO position estimatdhe estimated position of a GEO at any tirie:

%G XG ::.{G KG <2
'},G = YG + ",{G (t_tG,GEO ) + E Y[: (t_t O,GED,)
ZG ZG ZG G

3.5.5.1.2 GEO clock correctioithe clock correction for a SBAS GEO satieitapplied in accordance withe
following equation:

t=teCk &

where

t = SBAS network time;

te = GEO code phase time taansmission of message; and

né& = GEO code phase offset.
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0DPp Pp dPMDH DM DQaanP@ma@®: LK asS 2FFasSd ok

n i DGO+ &1 (t¢ t0,GEO)
where (t¢ to,ceg is corrected for enabf-day crossover.
3.5.5.2 Longerm Corrections
3.5.56.2.1 GPS clock correctioiihe clock correction for a GPS satelliteapplied in accordance
with the following equation:
t=tSVicwonpld{+ZA0[ M b 1 nid{+ZA86

where

t = SBAS network time;

tsv,i= the GPS satellite time at transmission of message;

0 Rvii= the satellite PRN code phase effas defined in 3.1.2.2; and
I ek = the code phase offset correction.

0dp Pp DH OM DM ¢ KS O2)) fralGR$ ar SBAS dafElkeduty tinfkdNIWEIO G A 2y 61 n
tnd{+IA TIA@EKEWALDTFA b + A

3.5.5.2.2 GLONASS clock correcti@he clock correction for a GLONASS satéeltapplied in accordance with
the following equation:

G I G{ = N OHl 0 OYHEAE prE{A+ = A
where

t = SBAS network

tsvi= the GLONASS satellite time at transmission of message

to, _n(tb0 2a(tp)'= the GLONASS time pareters as defined in 3.2.2.2
L neik = the code phase offset correction
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~ Y

¢KS O2RS LKI &S g ofaGEONASERsAMImBOG A 2y + n i
tni{ A T GHAZFHAObbL+IREERPED! {{

c

where (t¢ ti.) is corrected forendf-R- @8 ONR aa2dSNX®» LT (K50 @St 20A i

3.5.5.2.3 Satellite position correctioriThe SBA&orrected vector for a core satellite constellation(s) or SBAS
satellitei at timet is:

i 2'(i 'SXi 5}{1 .
Fﬁ = |¥i| + [8yi |+ |63 | (t-tirr)
Zil corrected Zi 5Z; 8%

where

(t ¢ tiLy is corrected for enaf-day crossover; and

[xi yi z]" = the core sateile constellation(s) or SBAS satellite position vector as defined in 3.1.2.3,
3.2.2.3and 3.5.5.1.1.

If the velocity code = 0, thed i £ 8161]'&[000]".

3.5.5.3 Pseuderange correctionsThe corrected pseudmnge at timet for satellitei is:

PRi,corrected = PRi + FCi + RR@i,(f) + ICi + TCi

where
PR = the measured pseudoange after application of the satellite clock
correction;
FG = the fast correction;
RRE = the range rate correction;
IG = the ionospheric correction;
TG = the tropospheric correction (negative value representing the troposph

delay); and
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tiof = the time of applicability of the most recent fast corrections, which is

start of the epoch of the SNT second that is coincident with the transm
at the SBAS satellite of the first symbol of the message block.

3.5.5.4 Range rate correatins (RRCYhe range rate correction for satellites:

Fci,current - Fci.previous . .
Jifa; =0

RRC] — ti,Of - ti,Df_previous
0,ifa; =0
where

FCi,current = the most recent fast correction;

FCi,previous = a previous fast correction;

tiof = the time of applicability of F&rent

ti,0f _previous = the time of applicability of kevious and

a = fast correction degradation factor (see Tabia®

3.5.5.5 Broadcast lonospheric Corrections

3.5.5.5.1 Location of ionospheric pierce point (IPR)elocation of an IPP is defined to be the intersection of the
line segment from the receiver to the satellite and an ellipsoid with constant height of 350 km
above the WGS4 ellipsoid. This location is defined in Wa&Satitude { p,0 | YR £ 3 3 A  dzF

3.5.5.5.2 lonospheric correctiong he ionospheric correction for satellites:

IC; = — Fp Tupp

where
1
]

Lo . R..cosb; 2
Fp, = obliquity factor —[l - (m) ]

_wp= Interpolated vertical ionospheric delay estimate (3.5.5.5.3);
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R =6 378.1363 km;
Y = elevation angle of satelliteand
h = 350 km.

Compliance Note: For GLONASS satellites, the ionospheric correctipis(1€ be multiplied by
the square of the ratio of the GLONASS to the GPS frequesgigsdficry?.

3.5.5.5.3 Interpolated vertical ionospheric delay estimat®hen four points are used for interpolation, the
interpolated vertical ionospheric delay estimate at latitudgF Y R f 2 ypBA G dzZRS <

4
Tvppz Z W}i Tk
k=1

where

_w the broadcast grid point vertical delaglues at the R corner of the IGP grid, as shown in
Figure B13.

W1 = Xxpp ypp;

W2 = (16 Xop) Yop;

W3 = (16 %pp) (16 Ypp); @nd
Wi = %p (1€ Ypp)-

3.5.5.5.3.1 For IPPs between N85° and S85°:

Apn-A;
y ——pp 1

P oy
Vo= ¢‘pp‘¢'1
P -y

where

< = longitude of IGPs west of IPP;
<, = longitude of IGPs east of IPP;
, 1= latitude of IGPs south of IPP; and
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. » = latitude of IGPs north of IPP.

Compliance Note: If <; and<;cross 180 degrees of longitude, the calculation,gfxist account
for the discontinuity in longitude values.

3.5.5.5.3.2 For IPPs north of N85° or south of S85°;
|, |-85°
.,Vpp: pioo

. _App_l

5 .
%= "gq0 x(l_zypp.}+ypp

where

<3 = longitude of the secahIGP to the east of the IPP;

<, = longitude of the secahIGP to the west of the IPP;

<3 = longitude of the closest F=to the west of the IPP; and
<4 = longitude of the closest IGP to the east of the IPP.

When three points are used for interpolation, the interpolated vertical ionospheric delay
estimated is:

3.56.5.5.3.3 For points between S75° and N75°;

3
Tyvpp= Z Wi Tk
k=1

where

W1 = Ypp;
W2 =1 Xop G Ypp; @nd
W3 = )i)p.

3.5.5.5.3.4 xandyppare calculatedasforfodr2 A y' i A Y (i S NLJI2 f,and. A #ealvaySthedSditlite (i K |
'y R fF GA G dzRSnd2,Bre théathar ongltudeRanddatitude. IGP2 is always the vertex
opposite the hypotenuse of the triangle defined by the thigoints, IGP1 has the same longitude
as IGP2, and IGP3 has the same latitude as IGP2 (an example is shown inHgure B
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3.56.5.5.3.5 For points north of N75° and south of S75°, {hoé® interpolation is not supported.
3.5.5.5.4 Selectiorof ionospheric grid points (IGPShe protocol for the selection of IGPs is:
a) For an IPP between N60° and S60°:

1) if four IGPs that define a@egreeby5RS3INBES OStf | NRPdzyR (KS Ltt
mask, they are selected; else,

2) if any three IGPs that define adegreeby-5-degree triangle that circumscribes the IPP are
aSi G2 awmé Ay disEl&ted;d®se, YIF A1 GKS& I NJ

3) if any four IGPs that define a-Hegreeby-10RSINBES OStf | NRPdzyR GKS L
IGP mask, they are selected,; else,

4) if any three IGPs that define a-tiegreeby-10-degree triangle that circumscribes the IPP

A 2 4 A 9~

aresettod Mmé Ay (GKS LDt YlIalsz GdKSe& FINB aStSOdSR-

5) an ionospheric correction is not available.
b) For an IPP between N60° and N75° or between S60° and S75°:

1) if four IGPs that define a-&egreelatitude-by-10-degree longitude cell around the IPP are

A =% 4 A x

set? amé Ay GKS LDt Yrals GKSe I NB a8t S0O0SRT

2) if any three IGPs that define adegreelatitude-by-10-degree longitude triangle that
OANDdzYaONAOSaE GKS Ltt INB aSid G2 damé Ay (K¢

3) if any four IGPs that define a-Hegreeby-10RSINBES OSft f | NP d&/ RA yi KBK &
IGP mask, they are selected,; else,

4) if any three IGPs that define a-tiegreeby-10-degree triangle that circumscribes the IPP
FNBE aSd G2 amé Ay GKS LDt YlLalz GKS& | NB &

5) an ionospheric correction is not available.
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c) For an IPBetween N75° and N85° or between S75° and S85°:

1) if the two nearest IGPs at 75° and the two nearest IGPs at 85° (separated by 30° longitude if
YR & 2NImn Aad dzASRIX aSLINIXGSR 0@ -degee 2 G K:¢
by-10-degree celis created by linearly interpolating between the IGPs at 85° to obtain virtual
IGPs at longitudes equal to the longitudes of the IGPs at 75°; else,

2) an ionospheric correction is not available.
d) For an IPP north of N85°:

HDATFT GKS F2dzNJ LDta 4G bypcec fFGAGddzZRS yR 2y 3.
the IGP mask, they are selected; else,

2) an ionospheric correction is not available.
e) For an IPP south of S85°:

1) if the four IGPs at S85° latitude and ldndes of W140°, W50°, E40° and E130° are set to

Gmé Ay (GKS LDt Ylralsx GKSe& INB aStSOGSRT S
2) an ionospheric correction is not available.

Compliance Note: This selection is based only on the information provided in the mask, without
NEIINR (2 6KSGKSNI 6KS aStSOGSR LDta INB Y2yA
GKS aSt SOGSR LDta Aa ARSYUATASR ladilaiies 2foub 2 G |
LDta NB aStSOGSRY FYyR 2yS 2F GKS TpaaN) A &
interpolation is used if the IPP is within the triangular region covered by the three corrections that

are provided.

3.5.5.6 Protection levelsThe horizontal protection level (HPL) and the vertical protection level (VPL) are:
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HPLsgas=

K npa X pajor for en-route through non-precision approach (NPA) modes
KipaXdpajor for precision approach (PA) and approach with vertical guidance (APV) modes

VPLspas =Kypa % dy
where

d® ' Nys, 2 2 = variance of model distribution that overbounds the true error distribution in
the vertical axis;

2
d2+d3 d2-d2\ "~ .
B S 2
Qgor= [0+ () +d,

where

d%I' Nys2' 2 = variance of model distribution that overbounds the true error distribution in
the x axis;

d3 ' Nays, 2" 2 = variance of model distribution that overbounds the true error distribution in
the y axis;

dyl N#scis,i” 2 = covariance of model distribution in the x and y axis;
where

s«i =the partial derivative of position error in thedirection with respect to pseudeange error
on the I" satellite;

s,i =the partial derivative of position error in thedirection with respect to pseudoange error
on the I" satellite;

sv,i= the partial derivative of position error in thentieal direction with respect to pseud@nge
error on the ' satellite; and

"HA THAZFEG b O CHAZ!ILWY9 b CHAZIFAN b

HAZ
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CKS O Nl YRSRE O6NB RSTAYSR AYy o0odp dp dc mand YR o
" % wopo) are determined by the aircraft element (3.5.8.4.2 and 3.5.8.4.3).

The x and y axes are defined to be in the local horizontal plane, and the v axis represents local
vertical.

For a general leastquares position solution, the projection matrix S is:

8&1 5&2 Sx.f\
S.1 S e Sun : -
s=|ot S =@ XWX G X GTxW
el 2 e vN
St 1 St,Z St N
where
G; = [-cosEl cos Az —cos El sin Az; -sin El; 1] =i" row of G:
w0 w2 0
0 Wi

El=the elevation angle of thd'iranging source ffi degrees);
Az= the azimuth of the ranging source taken countetockwise from the x axis in

degrees; and

wi= the inverse weight associated with satellite- 3.
Note 11 To improve readability, the subscrigi F & 2 YA GGSR FNBY G(GKS LINEI
equation.

Note 21 For an unweighted leastquares solution, the weighting matrix is an identity matrix (w
=1).

3.5.5.6.1 Definition of K valueg.he K values are:

Kunpa= 6.18;
KH,PA= 6.0; and
Kvpa= 5.33.

3.5.5.6.2 Definition of fast and longerm correction error modelf fast corrections and lorAgrm correction/GEO
ranging parameters are applied, and degradation parameters are applied:
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2

Oiar =

. 2 e
[(Ui.UDRE)(aUDRE.) + € + Eppe + Epye + Eer] ) if RSSypre = 0 (message Type 10)
[(Ui.UDRE)(aUDRE:)]Z + e% + &% e + E%y +£2,,, I RSSyppe = 1 (message Typel0)
where

AT dzA Ay 3 Y S dads ar&iomspdifls term a defined in section 3.5.4.9,
AT dzA Ay 3 YS goads asstellitespédfic terny a5 daned in section 3.5.5.6.2.5,
AT dzaAy3a yShaKISNI YSaal3asSsz

If fast corrections and lontgrm corrections/GEO ranging parameters are applied, but
degradation parameters are not applied:

gl @D ugky + 8mf

3.56.5.6.2.1 Fast correction degradatioifhe degradation parameter for fast correction data is:

where

alt-t,+1,.)°

= 2

t = the current time;

tu= (UDREileference time): if IOQF3, the start time of the SNTFdecond epoch that is coincident
with the start of the transmission of the message block that contains the most recent UDREI
data (Type 2 to 6, or Type 24 messages) that matches thedQBé& fast correction being used.
If IODI= 3, the start time of the epoch of the SNBecond epoch that is coincident with the
start of transmission of the message that contains the fast correction fof"thatellite; and

tia = (as defined in 3.5.4.7).

Compliance Note: For UDREs broadcast in Type 2 to 5, and Type 24 messagesl$ the time

of applicability of the fast corrections since they are in the same message. For UDREs broadcast in
Type 6 message and if the IODF =, 8|9 equals théime of applicability of the fast corrections
(ttb® C2NJ ! 5w9a8 ONRIROF&G AY,istdéfibdd to be theSite of 3 S
transmission of the first bit of Type 6 message at the GEO.
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3.5.5.6.2.2 Range rate correction degradation

0bp ®p dc ®PH PH IM  =0LF GKS ww/ I nz GKSy =

0O Pp OPp dPC OPH DH DH L¥ GKS ww/ ¢ n YR Lh5C r o=Z
0, if (IODF____ ~TODF e i) MOD3 = 1
E1‘r::={ alfc Bch . . .
(5+ m)(t-tuf), if (IODF____ ~TODFyeyions)MOD3 % 1
0Dp ®p dc DH DH Do L¥ ww/ ¢ n FyR Lh5C I' oX GKS
. Ifc _
0, if ‘At—? =0

Ifc
At-—| =0
2

Erre™ (a ‘ﬂ‘t— %

+B”'c t-tye), if
5 At (t-tog), 1
where

t =the current time;
IODFEurrent = |ODF associated with most recent fast correction;
IODFrevious= IODF associated with previous fast correction;

N & t0rC tiot previous and
I« = the user timeout interval for fast corrections.

3.5.5.6.2.3 Lomerm correction degradation
3.5.5.6.2.3.1 Core satellite constellation(s)

3.5.56.62.3.1.1 For velocity code = 1, the degradation parameter fortlenmg corrections of satellitgis:

S0 = _ 0, iftirr <t <ty + Iy w
™ | Citess + Cire vt max (0.t 7 —tt—tyr — Iltc_u.-l): otherwise

3.5.5.6.2.3.1.2 For velocity code = 0, the degradation parameter fotéomgcorrections is:

[N

¢

(p))

w»
TJ
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Lite
Eltczcltc w0 I ]
b 1t-v0

where

t = the current time;

tie = the time of transmission of the first bit of the losigrm correction message at the GEO;
and

[X] = the greatest integer less than

3.5.5.6.2.3.2 GEO satellited'he degradation parameter for lofigrm corrections is:

e = 0, iftpgeo < t < togeo + lgro
tc — 4 - .
c Ceeotsb T Cgeo v max (D-to_cfo — 4Lt —Tlygro — Igeo}' otherwise

where t = the current time.

Compliance NoteWhen longterm corrections are applied to a GEO satellite, the -teng
correction degradation is applied and the GEO navigation messagedagigrais not applied.

3.5.5.6.2.4 Degradation for eroute through nonprecision approach

0, if neither fast nor longerm corrections have timed out for precision approach/approach
with vertical guidancé S™ 7 G, if fast or longterm corrections have timed out for
precision approach/approach with vertical guidance

3.5.5.6.2.5 UDRE degradation factor calculated with message Type 2&dath KS + ! 5w9 A &Y
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where

i

. |y
i |
1

I

I,

C = R''R

& = Ccm‘m‘iaﬂce " SF

ST = 2 scale exponent—3

R = E-SF
El,l E1,2 El.S E'l.,‘t-

E _ 0 E2,2 E2.3 E2,=t-
0 0 E;; Ejz.
0 0 0 Eg

Supre=VI -C-I+¢,

the unit vector from the user to the satellite in the WGS-84 ECEF coordinate frame

3.5.5.6.3 Definition of ionospheric correction error model

3.5.5.6.3.1 Broadcast ionospheric correctiotisSBASased ionospheric corrections dreLILJ AR =

o ume = Pzpp * GoumvE
where
Fp= (as defined in 3.5.5.5.2);

Sw

n=1

2

2
Oywve=

2
n 'Gn,ionogl'id or Ogve=

7 2
W Gﬂ.[onogrid

_

3
n=1
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using the same ionospheric pierce point weights)(#hd grid points selected for the ionospheric
correction (3.5.5.5).

If degradation parameters are used, for each grid point:

o2 _ (O',LGWE + E;Dm)z, if RSSigne =0 (Type 10 message)
n.ionogrid —

O’ﬁ,GWE + sizmm, if RSS;;ne =1 (Type 10 message)

where

1

X t—t; )
Como = C lono_step [ mno] + Ciouo_mmp (t - tiono)‘

Ii ono

the current time;
the time of transmission of the first bit of the ionospheric correction message at the GEO: and
the greatest integer less than x.

Tono

[x]

If degradation parameters are not used, for each grid point:

Onionogrid = Un,GIVE
Compliance NoteFor GLONASS satellites, boghvel Y Rno plrameters are to be multiplied by
the square of the ratio of the GLONASS to the GPS frequesgigsdficry’.

3.5.5.6.3.2 lonospheric correctiont.SBA® 8 SR A2y 234 LIKSNAO O22hMBEOGAZ2Yya I NB

S
Tiono : &
U?L'T[REZMAX{( 5 ) ’(F]Jp'ruert)?}
where

Tiono = the ionospheric delay estimated by the chosen model (GPS correction or other model);
Fop = (as defined in 3.5.5.5.2);
9m,  0<|d,,| =20
Tyert = 4 4.5 m, 20<:Zi|¢-p], =< 55;and
6m, 55<11|¢-pp|

. pp = latitude of the ionospheric pierce point.
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3.5.6 Message Tables

Each SBAS messagestbe coded in accordance with the corresponding message format defined
in Tables BB7 through B53. All signhed parameters in these tabfeastd S NB LINBa Sy i SR
complement, with the sign bit occupying the MSB.

Compliance Notefhe range for the signed parameters is smaller than indicated, as the maximum
positive value is constrained to be one value less (the indicated value minus the resolution).

Table Bo T @ ¢S n a52 b2G !'asSé YvYSaal3as
Data content Bits used Range évalues Resolution
Spare 212 T T

Table B38. Type 1 PRN mask message
Data content Bits used Range of values Resolution

For each of 210 PRN code numbers
Mask value 1 Oorl 1
I0DP 2 0to 3 1

Compliance NoteAll parameters are defined in 3.5.4.1.

Table B39. Types 2 to 5 fast correction message

Data content Bits used Range of values Resolution
IODF 2 0Oto3 1
IODP 2 Oto3 1
For 13 slots
Fast correction (FC 12 +256.000 m 0.125m
For 13 slots
UDREI 4 (see Table R9) (see Table B9)
Notest
1. The parameters IOD&nd FCare defined in

3.5.4.4.2.

2. The parameter IODP is defined in 3.5.4.1.
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3. The parameter UDRH defined in 3.5.4.5

Table B40. Type 6 integrity message

Data content Bits used Range of values Resolution
IODE 2 0to3 1

IODR 2 0to3 1

IODR 2 0to3 1

IODE 2 Oto3 1

For 51 satellites (ordered by PRN mask number) (see Table R9) (see Table R9)
UDREI 4

Notest

1. The parameters |IOP&re defined in 3.5.4.4.2.
2. The parameter UDRH defined in 3.5.4.5.

Table B41. Type 7 fast correctiotegradation factor message
Data content Bits used Range of values Resolution
System latency &) 4 Oto15s 1ls
IODP 2 0Oto3 1
Spare 2 T T
For 51 satellites (ordered by PRN mask number) (see Table B4)
Degradation factor indicator (@i 4 (see Table B4)

Notest
1. The parametersg and aj are defined in 3.5.4.7.
2. The parameter IODP is defined in 3.5.4.1.

Table B42. Type 9anging function message
Data content Bits used Range of values Resolution
Reserved 8 T T
t0,GEO 13 0to 86384 s 16 s
URA 4 (see Table 26) (see Table 26)
X 30 +42 949 673 m 0.08 m
Yo 30 +42 949 673 m 0.08 m
Zc 25 +6 710 886.4 m 0.4m
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Compliance NoteAll

parameters are d

efined in 3.5.4.2.

17
17
18
10
10
10
12

+40.96 m/s
+40.96 m/s
+524.288 m/s
+0.0064 m/8
+0.0064 m/8
+0.032 m/$
+0.9537 x 16's

+1.1642 x 199s/s

0.000625 m/s
0.000625 m/s
0.004 m/s
0.0000125 m/3
0.0000125 m/3
0.0000625 m/3
PASEES

2¢40 s/s
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Table B43. Type 10 degradation parameter message

Data content Bits used Range of values Resolution
Burc 10 0to 2.046 m 0.002 m
Cltc Isb 10 0to 2.046 m 0.002 m
Cltc vl 10 0to 0.05115 m/s 0.00005 m/s
litc v1 9 Oto511s 1ls
Cltc vO 10 0to 2.046 m 0.002 m
litc vO 9 Oto511s 1ls
Cgeo Isb 10 0t0 0.5115m 0.0005 m
Cgeo v 10 0to 0.05115 m/s 0.00005 m/s
Igeo 9 Oto511s 1ls
Cer 6 0to31.5m 0.5m
Ciono step 10 0t01.023 m 0.001 m
liono 9 Oto511s ls
Ciono ramp 10 0to 0.005115 m/s 0.000005 m/s
RSSDRE 1 Oorl 1
RS&no 1 Oorl 1
Ccovariance 0to 12.7 0.1
Spare 81 T
Compliance NoteAll parameters are defi
in 3.5.4.7.

Table B44. Type 12 SBAS network time/UTC message
Data content Bits used Range of values Resolution
A1SNT 24 +7.45 x 1@ s/s 2630g/s
AOSNT 32 +1s 260g
tot 8 0to 602 112 s 4096 s
WN 8 0 to 255 weeks 1 week
K i 8 +128 s 1ls
WNL_sr 8 0 to 255 weeks 1 week
DN 8 1to 7 days 1 day
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kKG[{C 8 +128's 1s
UTC standard identifier 3 (see Table B5) (see Table B5)
GPS timef-week (TOW) 20 0to 604 799 s 1ls
GPS week number (WN) 10 0to 1 023 weeks 1 week
GLONASS indicator 1 Oorl 1
Lai, GLONASSI¢te 2 24 +2.0t 101 s 2.0t 10315
Spare 50 T T

Notes.

1. All parameters are defined in 3.5.4.8.

2. Applies only if SBAS sends GLONASS timing information in message Type 12 (see
3.5.7.4.4, Timing data)

Table B45. Type 17 GEO almanac message

Data content Bits used Range of values Resolution
For each of 3 satellites Reserved 2
0 T

PRN code number 8 0to 210 1
Health and status 8 T T
XG,A 15 +42 598 400 m 2600 m
YG,A 15 +42 598 400 m 2600 m
ZG,A 9 +6 656 000 m 26 000 m
XG,A 3 +40 m/s 10 m/s
YG,A 3 +40 m/s 10 m/s
Zc,A 4 +480 m/s 60 m/s
tamanad@pplies to all three satellites) 11 0to 86336 s 64 s

Compliance NoteAll parameters are define
3.5.4.3.
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Table B46. Type 18 IGP mask message

Data content Bits used Range of values Resolution
Number of IGP bands 4 Oto 11 1
IGP band identifier 4 0to 10 1
Issue ofdatat ionosphere (IOR) 2 Oto3 1
For 201 IGPs

IGP mask value 1 Oorl 1
Spare 1 T T

Compliance NoteAll parameters are defined in 3.5.4.6.

Table B47. Type 24 mixed fast/lontprm satellite errorcorrection message

Data content Bits used Range of values Resolution
For 6 slots
Fast correction (FC 12 +256.000 m 0.125m

For 6 slots UDREI

4 (see Table B1) (see Table B1)
IODP 2 Oto3 1
Fast correction type identifier 2 Oto 3 1
I0DF 2 0to3 1
Spare 4 T T
Type 25 halnessage 106 T
Notes.

1. The parameters fast correction type identifier, IQBRd FCare defined in

3.5.4.4.2.
The parameter IODP is defined in 3.5.4.1.
The parameter UDRH defined in 3.5.4.5.

The longterm satellite error correction message is divided into two-half
messages. The half message for a velocity code = 0 is defined in-A8bl€Hg
half message for a velocity code =1 is defined in Taidle. B
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Table B48. Type 25 lonterm satellite error correction half messag@/ELOCITY CODE = 0)

Data content Bits used Range of values Resolution
Velocity Code =0 1 0 1
For 2 Satellites

PRN mask number 6 Oto51 1

Issue of data (IQp 8 0to 255 1

L E 9 +32m 0.125m

1 g 9 32 m 0.125m

of 9 +32'm 0.125m

LFAZTN 10 +2X22g PASEES
I0DP 2 0to3 1
Spare 1 T T
Notes.

1. The parameters PRN mask numb
defined in 3.5.4.1.
2. All other parameters are defined i

Table B49. Type 25 lonterm satellite error correction half message (VELOCITY CODE =1

Data content Bits used Range of values Resolution
For 1 Satellite
Velocity Code =1 1 1 1
PRN mask number 6 Oto51 1
Issue of data (IQP 8 0to 255 1
L E 11 128 m 0.125m
1 e 11 +128 m 0.125m
I 11 +128 m 0.125m
LIAZTn 11 +2x2lg PASEES
1 Eo 8 +0.0625 m/s 21 m/s
186 8 +0.0625 m/s 2 m/s
1 ie 8 +0.0625 m/s 2 m/s
LEFEAZTM™ 8 +232g/s 2639g/s
Timeof-applicability (. 13 0to 86 384 s 16 s
I0DP 2 Oto3 1
Notes.

The parameters PRN mask number and |
are defined in 3.5.4.1.
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All other parameters are defined in 3.5.4..

Table B50. Type 26 ionospheric delayessage

Data content Bits used Range of values Resolution
IGP band identifier 4 Oto 10 1
IGP block identifier 4 Oto 13 1
For each of 15 grid points
IGP vertical delay estimate 9 010 63.875m 0.125m
Grid ionospheric vertical error indicator (GIYEI 4 (see Table B3) (see Table B3)
[0]]} 2 Oto3 1
Spare 7 T T
Compliance NoteAll parameters are defined in 3.5.4.6.
Table B51. Type 27 SBAS servinessage
Data content Bits used Range of values Resolution
Issue of data, service (IODS) 3 Oto7 1
Number of service messages 3 1to8 1
Service message number 3 1to8 1
Number of regions 3 Oto5 1
Priority code 2 O0to3 1
1 UDRE indicateinside 4 0to 15 1
1 UDRE indicateoutside 4 Oto 15 1
For each of 5 regions Coordinate 1 latitude 8
+90° 1°
Coordinate 1 longitude 9 +180° 1°
Coordinate 2 latitude 8 +90° 1°
Coordinate 2 longitude 9 +180° 1°
Region shape 1 T T
Spare 15 T T

Compliance NoteAll parameters are defined in 3.5.4.9.
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Table B52. Type 63 ull message
Data content Bits used Range of values Resolution

Spare 212 T T

Table B53. Type 28 cloegphemeris covariance matrix

Data content Bits used Range of values Resolution

IODP 2 Oto3 1

For two satellites
PRN mask number 6 Oto51 1
Scale exponent 3 Oto7 1
=] 9 0to511 1
B2 9 O0to511 1
B3 9 O0to511 1
Es4 9 O0to511 1
=P 10 +512 1
B3 10 +512 1
Ei4 10 +512 1
B3 10 1512 1
B4 10 1512 1
B4 10 1512 1

Notes. fined in 3.5.4.1.

1. The parameters PRN mask number and

IODP are de 2. All other parameters are define

in 3.5.4.10.

3.5.7 NopAircraft Elements

ComplianceNote 1.Depending on the level of service offered by a particular SBAS,
different functions can be implemented as described in Chapter 3, 3.7.3.4.2.
219
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Note 21 The parameters that are referred to in this $estare defined in 3.5.4.

3.5.7.1 General

3.5.7.1.1 Required data and broadcast intervalSBASnust broadcast the data required for the
supported functions as shown in Tableb8. If the SBAS broadcasts data that are not
required for a particular function, the requirements for that data supporting other
functionsmustapply. The maximum interval tveeen broadcasts for all data of each data
type providedmustbe as defined in Table-$!.

3.5.7.1.2 SBAS radio frequency monitorifitne SBABustmonitor the SBAS satellite parameters shown
in Table B65 and take the indicated action.

Compliance Note: SBAS may broadcast null messages (Type 63 messages) in each time
slot for which no other data are broadcast.

357134052 b28BAES®HN® I ROFad | a52 bz2d ! a4S¢ YSaal 3s
to inform uses not to use the SBAS satellite ranging function and its broadcast data.

3.5.7.1.4 The Doppler shift in the GEO satellite signal seen at any fixed location within the GEO footprint
for any GE@nustnot exceed +450 Hz.

Compliance Note: This maximum Doppler shift corresponds approximately to the
maximum GEO satellite orbit inclination that can be supported by the coding ranges for
Type 9 and Type 17 messages.

3.5.7.1.5 Geostationary orbit (GEO) ranging function parametich SBASatellite must broadcast
geostationary orbit (GEO) ranging function parameters (defined in 3.5.4.2).

Compliance Notdt is necessary to broadcast geostationary orbit ranging function parameters
even when a ranging function is not provided, so that airborne receivers may implement a
positive identification of the broadcasting SBAS satellite. When ranging is not prdakiled,
accuracy of the Type 17 data (and Type 9 data) only needs to support the acquisition of the
satellite.
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3.5.7.1.5.1 The error in the Doppler shift of a GEO satellite derived from any Type 9 message that has
not timed out, with respect to the tru&EO Doppler shift seen at any fixed location within
the GEO footprintmustnot exceed 210 Hz.

3.5.7.1.6 Almanac dataEach SBAS satellitaistbroadcast almanac data (defined in 3.5.4.3) for all SBAS
satellites of the same service proeid

3.5.7.1.6.1  The error in the estimated position of the satellite derived from any Type 17 message
broadcast within the previous 15 minutes, with respect to the true satellite positirst
not exceed 3 000 km.

3.5.7.1.6.2 The separati distance between the estimated position of the satellite derived from any
Type 17 message broadcast within the previous 15 minutes and the position of the
satellite derived from the GEO ranging parameters in any Type 9 message that has not
timed outmustnot exceed 200 km.

3.5.7.1.6.3 The error in the Doppler shift of a GEO satellite derived from any Type 17 message broadcast
within the previous 15 minutes, with respect to the true GEO Doppler shift seen at any
fixed location within the GEO dtprint, mustnot exceed £210 Hz.

3.5.7.1.6.4 SBASustnot broadcast almanac data for any SBAS satellite from a different service provider
for which the position estimated from the almanac data broadcast within the previous 15
minutes wouldbe within 200 km of the position of any of its own GEOs as derived from
the GEO ranging parameters from any Type 9 message that has not timed out.

3.5.7.1.6.5 Where the estimated position of a GEO satellite providing a ranging function, derived from
the Type 17 message broadcast within the previous 15 minutes, is within 200 km of the
position of another GEO satellite of the same service provider, derived from a Type 9
message for this GEO that has not timed out, the GEO UDREnatige set stficiently
large to account for the possibility that a user could misidentify the PRN of the GEO
providing the ranging function.

3.5.7.1.6.6 The health and status parameterstindicate the satellite status and the service provider
identifier, as defined in 3.5.4.3.

221



X TECHNICAL STANDARDS
K NamibiaCivil AviationAuthority - (NAMCATYS)
" Safety Division
NCAA Part171: ATEL Volume 1
3.5.7.1.6.7 Unused almanac slots in Type 17 messaget® S O2RSR 6AGK I t wb O2

3.5.7.1.6.8 The service provideustensure the correctness of the service provider ID broadcast in
any almanac.

3.5.7.2 Ranging functionlf an SBAS provides a ranging functiomustcomply with the requirements
contained in this setion in addition to the requirements of 3.5.7.1.

3.5.7.2.1 Performance requirements

Compliance Note: See Chapter 3, 3.7.3.4.2.1.

3.5.7.2.2 Ranging function dataSSBA&ustbroadcast ranging function data such that the SBASIgate
position error projected on the linef-sight to any user in the satellite footprint is less
than 256 metres. Each SBAS sateffitest broadcast a URA representing an estimate of
the standard deviation of the ranging errors referenced to SNT.

3.5.7.3 GNSS satellite status functidhan SBAS provides a satellite status functianuigtalso comply
with the requirements contained in this section.

Compliance Note: An SBAS may be able to provide integrity on some GPS satellites that
are designated either marginal or unhealthy.

3.5.7.3.1 Performance of satellite status functionSiven any valid combination of active data, the
probability of ahorizontal error exceeding the H&hs(as defined in 3.5.5.6) for longer
than 8 consecutive secondsustbe less than 10 in any hour, assuming a user with zero
latency.

Compliance NotéActive data is defined to be data that have not tinced per 3.5.8.1.2.
This requirement includes core satellite constellation(s) and SBAS failures.

3.5.7.3.2 PRN mask and Issue of dataPRN (IODPpEBA®ustbroadcast a PRN mask and IODP (Type
1 message). The PRN mask vatoestindicatewhether or not data are being provided
for each GNSS satellite. The |QDWstchange when there is a change in the PRN mask.
The change of IODP in Type 1 messagestoccur before the IODP changes in any other
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message. The IODP in Type 2 to 52%, 25 and 28 messagesust equal the IODP
broadcast in the PRN mask message (Type 1 message) used to designate the satellites for

which data are provided in that message.

Table B54. Data broadcast intervals and supported functions
Maximum GNSS Basic Precise Associated
broadcast satellite differential differential message
Data type interval Ranging status correction correction types
ClockEphemeris covariance matrix 120 s 28
SBAS in test mode 6s 0
PRN mask 120s R R R 1
UDREI 6s R* R R 2106, 24
Fast corrections lto/2 R* R R 2t05,24
(seeNote 4
Longterm corrections 120 s R* R R 24,25
GEO ranging function data 120's R R R R 9
Fast correction degradation 120 s R* R R 7
Degradation parameters 120 s R 10
lonospheric grid mask 300s R 18
lonospheric corrections, GIVEI 300 s R 26
Timing data 300 s R R R R 12
(seeNote 3 (seeNote 3 (seeNote 3  (seeNote 3
Almanac data 300 s R R R R 17
Service level 300s 27
Notest
1. awé AYRAOIFIGSa GKIFIG GKS REGLE
2. GwfFé AYRAOF(GSa aLISOALET O2RAY13
3. Type 12 messages are only required if data are provided for GLC
satellites.
4. I refers to the PA/APV timeut interval for fast corrections, as defii
in Table B57.
Table B55. SBAS radio frequency monitoring

Parameter Reference

Alarm limit

Required action
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Signal power level ~ Chapter 3,

3.

Modulation

7.3.4.4.3

Chapter 3,

3.

7.3.4.45

SNTto-GPS time Chapter 3,

3.7.3.45
Carrier frequency 3.5.2.1
stability
Code/frequency 3524
coherence
Maximum code 3.5.2.6
phase deviation
Convolutional 3.5.29
encoding
Notest

minimum specified  Cease ranging functiol¢te ). Cease

power broadcast.
maximum specified

power
(Note 2)

monitor fOrCea\se ranging functiolfte 1).

waveform distortion

N/A /' SFasS NI y3AyIypudigcBérior y dzyt Saa
(Note 3

N/A /' SIaS NI yYy3IAyYIppddigcBearior y dzyf Saa
(Note 3

N/A /' SIaS NI yYy3IAyYIppddigcBeario? y dzyf Saa
(Note 3

N/A /' SFasS NI y3AyIypudigcBérior y dzyt Saa

(Notes 2and3)

all transmit messages Cease broadcast.
are erroneous

1. Ceasing the ranging function is accomplished by broadcastinga URRanre2 ¥ a52 b2d | aS¢ TFT2NJ i
2. These parameters can be monitored by their impact orreébeived signal quality (Cénpact), since that is the impact on the

user.

3. Alarm limits are not specified because the induced error is acceptable, provided it is representedipriamd URA parameter:
If the error cannot be represented, the ramg function must cease.

3.5.7.3.2.1 When the PRN mask is changed, SBAgrepeat the Type 1 message several times before
referencing it in other messages to ensure that users receive the new. mask

3.5.7.3.3 Integrity data If SBAS does not provide the basic differential correction functionpst
transmit fast corrections, lonrterm corrections and fast correction degradation
parameters coded to zero for all visible satellites indicatetthénPRN mask.

3.5.7.3.3.1 If SBAS does not provide the basic differential correction functionmbBtA&dicate that
alGSttAdS Aa dzy KSI fafgk érrorcexcéedls 150anétres. & S €

iKS
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3.5.7.3.3.2 If SBAS does natvyide the basic differential correction function, SBASst indicate that
GKS alradSttAdS Aa a&brange ead® gannotdd\dBt&mined. ¥ (G KS LJa S dzR

3.5.7.3.3.3 If SBAS does not provide the basic differential correction functionpBB&Eansmit a
UDRERF Mo AF GKS Al GSttAGS Aa y204 a52 b2G | asSt

3.5.7.3.3.4 The IOQfarameter in Type 2 to 5, 6 or 24 messagesstbe equal to 3.

3.5.7.4 Basic differential correction functiolf an SBAS provides a basic differential correction function,
it must comply with the requirements contained in this section in addition to the GNSS
satellite status function requirements defined in 3.5.7.3.

3.5.7.4.1 Performance of basic déffential correction functionGiven any valid combination of active
data, the probability of a horizontal error exceeding the tdR{as defined in 3.5.5.6) for
longer than 8 consecutive seconafgist be less than 10 in any hour, assuming a user
with zero latency.

Compliance NotéActive data is defined to be data that has not timed out per 3.5.8.1.2.
This requirement includes core satellite constellation(s) and SBAS failures.

3.5.7.4.2 Longterm corrections Except for SBAS satellites from the same service provider,iSBAS
determine and broadcast loAgrm corrections for each visible GNSS satellite (¢ate)
AYRAOIFIOGOSR Ay (0KS twb YIal o-temnorr¥ctioadnusd!l f dzS S dz
be such that the core satellite constellation(s) satellite position error projected on the
line-of-sight to any user in the satellite footprint after application of these Hamgn
corrections is less than 256 metres. For each GLONASS satellitem88Aanslate
satellite coordinates into WG&4 as defined in 3.5.5.2 prior to determining the letlegm
corrections. For each GPS satellite, the broadcasni@fdmatch both the GPS IODE and
8 LSBs of I0DC associated with the clock and ephedeidsused to compute the
corrections (3.1.1.3.1.4 and 3.1.1.3.2.2). Upon transmission of a new ephemeris by a GPS
satellite, SBA8wust continue to use the old ephemeris to determine the fast and long
term error corrections for at least 2 minutes andtmmore than 4 minutes. For each
GLONASS satellite, SBABt compute and broadcast an IOD that consists of a latency
and a validity interval as defined in 3.5.4.4.1.
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Compliance Notd@he criteria for satellite visibility include the locations of reference
stations and the achieved mask angle at those locations.

3.5.7.4.2.1 To ensure accurate range rate corrections, SBA@mMinimize discontinuities in theasellite
ephemerides after application of lortgrm corrections.

3.5.7.4.3 Fast correctionsSBAMustdetermine fast corrections for each visible GNSS satellite indicated
Ay GKS twb YFal otwb YIFal @I f dzS8imesapydadst G 2
correction data in Type j (j = 2, 3, 4 or 5) message changes, thedQ8E S1j dzSy OS 6
M2 HX nX O0Peé P

Compliance Notdf there is an alarm condition, the IQDday equal 3 (see 3.5.7.4.5).

3.5.7.4.4 Timing data If data are provided for GLONASS, SBésEbroadcast the timing message (Type
12 message) including GLONASS time offset as defined in T4ble B

3.5.7.4.5 Integrity data For each satellite for which corrections are provided, SBAS broadcast
integrity data (UDREH Y RY 2 LJiA2y I ffte&x ¢@8LIS HT 2N HYy
such that the integrity requirement in 3.5.7.4.1 is met. If the fast corrections ortiemg
corrections exceed their coding range, SBAStindicate that the satellite is unhealthy
0452 b2 i3ubr&cdhBodbd detefninéd, SBASustindicate that the satellite is
Gb20 az2yAl2NBRE®

LT ¢8LIS c YSaal IS uwhtendzaSR G2 ONRBI ROl &

a) the IODFmustmatch the IODFor the fast corrections received in Type j message to
6 KA OK?Zubkiply; or

b) the IODFmustS Ij dzi & upskapply fiokalbvalidl fast corrections received in Type
j message which have not timed out.

3.5.7.4.6 Degradation dataSBASnustbroadcast degradation parameters (Type 7 message) to indicate

the applicable time out interval for fast corrections and ensure that the integrity
requirement in 3.5.7.4.1 is met.
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3.5.7.5 Precise differential correction functioifi SB& provides a precise differential correction function,

it must comply with the requirements contained in this section in addition to the basic
differential correction function requirements in 3.5.7.4.

3.5.7.5.1 Performance of precise differentieorrection functionGiven any valid combination of active

data, the probability of an oubf-tolerance condition for longer than the relevant time
to-alertmustbe less than 2 x 20during any approach, assuming a user with zero latency.
The timeto-alert must be 5.2 seconds for an SBAS that supports precision approach
operations, and 8 seconds for an SBAS that supports APV or NPA operationsoAn out
tolerance conditionmust be defined as a horizontal error exceeding the ddRdor a
vertical error exceeding the VBlas(as defined in 3.5.5.6). When an enfttolerance
condition is detected, the resulting alert message (broadcast in a Type 2 to 5 and 6, 24,
26 or 27 messages)ustbe repeated three times after the initial notificati of the alert
condition for a total of four times in 4 seconds.

CompliancéNote 1.Active data is defined to be data that has not timed out per 3.5.8.1.2.
This requirement includes core satellite constellation(s) and SBAS failures.

CompliancéNote 2.Subsequent messages can be transmitted at the normal update rate.

3.5.7.5.2 lonospheric grid point (IGP) masg@A®ustbroadcast an IGP mask and IQDp to 11 Type

18 messages, corresponding to the 11 IGP bands). The IGP masknvast#sdicate

whether or not data are being provided for each IGP. If IGP Bands@ds then the IGP

mask values for IGPs north of 55°N in Bands O througp86 S aSG (2 ané o L ¥
10 is used, then the IGP mask values for IGPs south of 55°S in Bands 0 thrusghe3

aSid G2 & andushchangeSvhdn thérdsia change of IGP mask values in the k

band. The new IGP masiustbe broadcast in a Type 18 message before it is referenced

in a related Type 26 message. The ADIType 26 messagmust equal the ORI

broadcast in the IGP mask message (T¥®anessage) used to designate the IGPs for

which data are provided in that message.

3.5.7.5.2.1 When the IGP mask is changed, SBWagrepeat the Type 18 message several times before

referencing it in a Type 26 message to ensure that users receive the new mask. The same
IODL maybe used for all bands.
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3.5.7.5.3 lonospheric correctionSBA®ustbroadcast ionospheric erections for the IGPs designated
Ay GKS LDt Ylal o6LDt YlFail @ ftdzsSa Sldzat :

3.5.7.5.4 lonospheric integrity dataFor each IGP for which corrections are provided, SBAs
broadcast GIVEI data such that the integrity requirement in 3.5.7.5.1 is met. If the
A2y 23aLIKSNR O3 n2idedtiizii doding raggblJSBAGstindicate the status
652 b2i !'a8¢ O6RSaAIYIGSR Ay FKEGvecAmotbS O A |
determined, SBA®ustA Y RA OF 1S GKIF G (GKS LDt Aa dab2d a
coding).

3.5.7.5.5 Degradation dataSBA®ustbroadcast degradation parameters (Type 10 message) such that
the integrity requirenent in 3.5.7.5.1 is met.

3.5.7.6 Optional Functions

3.5.7.6.1 Timing data If UTC time parameters are broadcast, thaystbe as defined in 3.5.4.8 (Type
12 message).

3.5.7.6.2 Service indicatianf service indication data are broadcast, thmystbe as defined in 3.5.4.9
(Type 27 message) and Type 28 messagesnot be broadcast. The IODS in all Type 27
messagesnustincrement when there is a change in any Type 27 message data.

3.5.7.6.3 Clockephemeris covariance matrik clockephemeris covariance matrix data are broadcast,
they must be broadcast for all monitored satellites as defined in 3.5.4.10 (Type 28
message) and Type 27 messagesst not be broadcast.

3.5.7.7 Monitoring

3.5.7.7.1 SBAS radio frequency monitorifigne SBASUstmonitor the SBAS satellite parameters shown
in Table B65 and take the indicated action.

Compliance Notetn addition to the radio frequency monitoring requirements in this
section, it will be necessary to make special provisions to monitor gsange
acceleration specified in Chapter 3, 3.7.3.4.2.1.5, and carrier phase noise specified in
3.5.2.2 and correlation loss in 3.5.2.5, unless analysis and testing shows that these
parameters cannot exceed the stated limits.
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3.5.7.7.2 Data monitorhg. SBASnust monitor the satellite signals to detect conditions that will result
in improper operation of differential processing for airborne receivers with the tracking
performance defined in Attachment D, 8.11.

3.5.7.7.2.1  The ground subsystenust use the strongest correlation peak in all receivers used to
generate the pseudorange corrections.

3.5.7.7.2.2 The ground subsystemstalso detect conditions that cause more than one zero crossing
for airborne receivers that use the Eatlgte discriminator function as defined in
Attachment D, 8.11.

3.5.7.7.2.3 Themonitoractionust6 S 2 aSié ! 5w9 (2 a52 bz2d ! asSt¢
3.5.7.7.2.4 SBASustmonitor all active datdhat can be used by any user within the service area.

3.5.7.7.25 SBASBustraise an alarm within 5.2 seconds if any combination of active data and GNSS
signalsin-space results in an outf-tolerance condition for precision approach
(3.5.7.5.).

3.5.7.7.2.6 SBASustraise an alarm within 8 seconds if any combination of active data and GNSS signals
in-space results in an owf-tolerance condition for emmoute through APV | (3.5.7.4.1).

Compliance Notéfhe monitoring applies to all failure conditions, inahgdfailures in core
satellite constellation(s) or SBAS satellites. This monitoring assumes that the aircraft
element complies with the requirements of RTCAZ2@D with Change 1, except as
superseded by 3.5.8 and Attachment D, 8.11.

3.5.7.7.3 IOD monitoringSBA®nustmonitor the GPS IODE values for possible invalid transmissions
of values used previously for a different set of ephemeris parameters within the time
interval(s) specified in 3.1.1.3.2.2, and takeagpriate action to ensure the integrity of
its broadcast corrections, if such an invalid use is detected.

ComplianceNote 18 The IOD unigueness is granted by design in the case of SBAS
augmenting GLONASS satellites.
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ComplianceNote 21 The GP30ODC (as per section 3.1.1.3.1.4) is not currently used in the
processing of GPS L1 navigation messages in an SBAS receiver mode. Therefore,
monitoring is not specifically required.

3.5.7.8 Robustness to core satellite constellation(s) failutdpon ocurrence of a core satellite
constellation(s) satellite anomaly, SBA®st continue to operate normally using the
available healthy satellite signals that can be tracked.

3.5.8 Aircraft Elements

CompliancéNote 1.The parameters that are ferred to in this section are defined in
3.5.4.

CompliancéNote 2.Some of the requirements of this section may not apply to equipment
that integrates additional navigation sensors, such as equipment that integrates SBAS
with inertial navigation sensors.

3.5.8.1 SBASapable GNSS receiveixcept as specifically noted, the SBAfable GNSS receivaust
process the signals of the SBAS and meet the requirements specified in 3.1.3.1 (GPS
receiver) and/or 3.2.3.1 (GLONASS receiver). Pseutdfge measurements for each
satellite must be smoothed using carrier measurements and a smoothing filter which
deviates less than 0.25 metre within 200 seconds after initialization, relative to the
steadystate response of the filter defined in 3.6.5.1 in the presence of drift between the
code phae and integrated carrier phase of up to 0.018 metre per second.

3.5.8.1.1 GEO satellite acquisitiohe receivemust be able to acquire and track GEO satellites for
which a stationary receiver at the user receiver location would experiebmpaler shift
as large as +450 Hz.

3.5.8.1.2 Conditions for use of datd’he receivemustuse data from an SBAS message only if the CRC
of this message has been verified. Reception of a Type 0 message from an SBAS satellite
mustresult in deselection of that satellite for at least one minute and all data from that
satellitemustbe discarded, except that there is no requirement to discard data from Type
12 and Type 17 messages. For GPS satellites, the recnivarapply longterm
corrections only if the IOD matches both the IODE and 8 least significant bits of the IODC.
For GLONASS satellites, the recemastapply longterm corrections only if the time of
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reception (t) of the GLONASS ephemeris is inside the following |@dtywinterval, as

defined in 3.5.4.4.1;
trqLg: MK Lrdil

ComplianceNote 1.For SBAS satellites, there is no mechanism that links GEO ranging

function data (Type 9 message) and longterm corrections.

CompliancéNote 2.This requirement does not imply that the receiver has to stop

tracking the SBAS satellite.

3.5.8.1.2.1 SBAS satellite identificatioklpon acquisition or r@cquisition of an SBAS satellite, the
receivermust not use SBAS satellite data unléiss calculated separation between the

satellite position derived from its GEO ranging function parameters and the satellite

position derived from the almanac message most recently received from the same service

provider within the last 15 minutes is legsan 200 km.

Compliance NoteThis check ensures that a receiver will not mistake one SBAS satellite

for another due to crossorrelation during acquisition or #&cquisition.

3.5.8.1.2.2 The receiverustuse integrity or correction data only if the IODP associated with that data
matches the IODP associated with the PRN mask.

3.5.8.1.2.3 The receivewstuse SBAProvided ionospheric data (IGP vertical delay estimate and BIVEI

only if the IO associated with that data in a Type 26 message matches the 10DI
associated with the relevant IGP band mask transmitted in a Type 18 message.

3.5.8.1.2.4 The receiverustuse the most recently received integrity data for which the I@DQ&als 3

or the IODFmatches the IOQRssociated with the fast correction data being applied (if

corrections are provided).

3.5.8.1.2.5 The receivewstapply any regional dégl R (i A 2 3préas2defified By a Type 27

AaSNVAOS YSaal3aSo L¥F

has been received.

I.
dza SNJ f 2 OF (i ARBrymbstaiK S LKL IAKSRNI A Y Y Sidk a ndvSType @
27 messagenustnot be applied until the complete set of messages with the new IODS

¢ LIS HT Ysdoathed S
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3.5.8.1.2.6 The receivetustapply satellited LIS OA FA O R S I2NdreBSIdéfined byy a Type 28 K S
Ot 201 SLIKSYSNR A O2 @ NAubrydédiGed fiom & MypeE28 Missagel 3 S
with an IODP matching that of the PRN mamlstbe applied immediately.

3.5.8.1.2.7 In the event of a loss of four successive SBAS messages during-lzas&BASproach
operation with a HAL of 40 m or a VAL of 50 ntess, the receivemustinvalidate all
UDREI data from that SBAS satellite.

3.5.8.1.2.8 The receiverustnot use a broadcast data parameter after it has timed out as defined in
Table B56.

3.5.8.1.2.9 Thereceivewstnotusel Tl ald O2NNBOGA2Y AF pi T2 GKS
AYGSNIEFE F2NJ FlLad O2NNBOlGAz2yazr 2NJAF GKS

3.5.8.1.2.10 The calculation of the RR@&t6 S NBAYAGALFIft AT SR AF¥ | &52 |
indication is received for that satellite.

3.5.8.1.2.11 For SBA&sed precision approach or APV operations, the recenestonly use satellites
with elevation angles at or above 5 degrees.

3.5.8.1.2.12 The receiv@ustno longer support SBASsed precision approach or APV operation using
a particular satellite if the UDREdceived is greater than or equal to 12.

Table B56. Data timeout intervals

Associated Enroute, terminal, Precision

message types NPA timeout approach,
Data APV timeout
Clockephemeris covariance matrix 28 360 240
SBAS in test mode 0 N/A N/A
PRN mask 1 600 s 600 s
UDREI 2106, 24 18 s 12s
Fast corrections 2to 5,24 (see Table B7) (see Table B7)
Longterm corrections 24, 25 360 s 240 s
GEO ranging function data 9 360 s 240 s
Fast correction degradation 7 360 s 240 s
Degradation parameters 10 360 s 240 s
lonospheric grid mask 18 1200s 1200s
lonospheric corrections, GIVEI 26 600 s 600 s
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Timing data 12 86 400 s 86 400 s
GLONASS time offset 12 600 s 600 s
Almanac data 17 None None

Service level 27 86 400 s 86 400 s

Compliance Note: The timeout intervals are defined from the end of the
reception of a message.

Table B57. Fastorrection time-out interval evaluation

Fast correction NPA timeout PA/APYV timeout
degradation factor interval for fast interval for fast
indicator (&) corrections () corrections ()

0 180 s 120 s
1 180 s 120 s
2 153 s 102 s
3 135s 90s
4 135s 90s
5 117 s 78 s
6 99s 66 s
7 81s 54's
8 63s 42 s
9 45s 30s
10 45s 30s
11 27s 18s
12 27s 18 s
13 27s 18 s
14 18 s 12 s
15 18s 12s

3.5.8.2 Ranging function

3.5.8.2.1 Precision approach and APV operatiofse rootmeansquare (1 sigma) of the total airborne
error contribution to the error in a corrected pseudange for an SBAS satellite at the
minimum received signal poweredel (Chapter 3, 3.7.3.4.4.3) under the worst
interference environment as defined in 3niust be less than or equal to 1.8 metres,
excluding multipath effects, tropospheric and ionospheric residual errors.
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Compliance NoteThe aircraft element will bound the errors caused by multipath and
troposphere (3.5.8.4.1). For the purpose of predicting service, the multipath error is
assumed to be less than 0.6 metres (1 sigma).

3.5.8.2.2 Departure, eroute, terminal, and nomprecision approach operationshe rootmeansquare
(1 sigma) of the total airborne contribution to the error in a corrected psetatwe for
an SBAS satellite at the minimum received signal power level (Chapter 3, 3.7.3.4.4.3)
under the worst interferencenvironment as defined in 3mustbe less than or equal to
5 metres, excluding multipath, tropospheric and ionospheric errors.

3.5.8.2.3 SBAS satellite position

3.5.8.2.3.1 Position computationThe receivemust decode Type 9 message and determine the code
phase offset and position £€XYs, Z) of the SBAS satellite.

3.5.8.2.3.2 SBAS satellite identificatiomhe receivemustdiscriminate between SBAS satellites.

Compliance Notefhis requiement applies to false acquisition of a satellite due to eross
correlation.

3.5.8.2.4 Almanac data

3.5.8.2.4.1 The almanac data provided by the SBie¢/be used for acquisitian

Compliance Notétealth and status information provided in the GEO almanac data does
not override or invalidate data provided in other SBAS messages. The use of bits 0 to 2 by
airborne equipment is optional; there are no requirements covering their usage.

3.5.8.3 GNS satellite status functiomhe receivemustexclude satellites from the position solution if
GKS®& NB ARSYOGATFTASR | & -phdad irtedrify is!use8, &he 6 &
receiver must not be required to exclude GPS satellites based on thepR&led
ephemeris health flag as requirén 3.1.3.1.1 or to exclude GLONASS satellites based on
GLONASBrovided ephemeris health flag as required in 3.2.3.1.1.
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CompliancéNote 1.In the case of a satellite designated marginal or unhealthy by the core
satellite constellation(s) health flagB&S may be able to broadcast ephemeris and clock
corrections that will allow the user to continue using the satellite.

ComplianceNote 2.L F &l St ft AGSa ARSYUAFTASR a ab2id azy
position solution, integrity is not providegt BBAS. ABAS or GBAS may be used to provide
integrity, if available.

3.5.8.4 Basic And Precise Differential Functions

3.5.8.4.1 Core satellite constellation(s) ranging accuradye rootmeansquare (1 sigma) of the total
airborne contributionto the error in a corrected pseud@nge for a GPS satellite at the
minimum and maximum received signal power level (Chapter 3, 3.7.3.1.7.4) under the
worst interference environment as defined in 31Tust be less than or equal to 0.36
metres for mininum signal level and 0.15 metres for maximum signal level, excluding
multipath effects, tropospheric and ionospheric residual errors. The RMS of the total
airborne contribution to the error in a corrected pseudinge for a GLONASS satellite at
the minimum received signal power level (Chapter 3, 3.2.5.4) under the worst
interference environment as defined in 3niust be less than or equal to 0.8 metres,
excluding multipath effects, tropospheric and ionospheric residual errors.

3.5.8.4.2 Precisioapproach and APV operations

3.5.8.4.2.1 The receivanustobtain correction and integrity data for all satellites in the position solution
from the same SBAS signal (PRN code).

3.5.8.4.2.2 The receivarust compute and apply lonrterm corrections, fast corrections, range rate
corrections and the broadcast ionospheric corrections. For GLONASS satellites, the
ionospheric corrections received from the SBAStbe multiplied by the square of the
ratio of 2. ONASS to GPS frequenciesoffadé crd?.

3.5.8.4.2.3 The receivewustuse a weightedeastsquares position solution.

3.5.8.4.2.4 The receivetustapply a tropospheric model such that residual pseuaoge errors have
a mean vala (u) less than 0.15 metres and a 1 sigma deviation less than 0.07 metres.
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Compliance NoteA model was developed that meets this requirement. Guidance is
provided in Attachment D, 6.5.4.

3.5.8.4.2.5 The receivarust compute and apphhorizontal and vertical protection levels defined in
0PpPpdc ® LY ikfoastb@2 YLIzGF GA2Y S

1.001
,/0.002001 + sin?(B;)

x0.12m

4 K S Nithe elevation angle of thé satellite.
LY | R Ra.Aniusteaysy the condition that a normal distribution with zero mean and
I adl yRINR RS @Aboundszhg ern®rjdastitfutionif@r residual aircraft

pseudarange errors as follows:

w

v
f fo(x)dx <Q (a) for all %130 and
¥

f f0)dx <Q(2) forall 220
10} ad
where

fi(x) =probability density function of the residuaircraft pseuderange error and

Q) = — e zdt

Compliance Notethe standard allowance for airborne multipath defined in 3.6.5.5.1
may be used to bound the multipath errors.

3.5.8.4.2.6 The parameters that define the approach path for a single precision approachrmuPV
be contained in the FAS data block.

236



/)V
NCAA

NAMIBIA CIVIL AVIATION AUTHORITY

TECHNICAL STANDARDS

NamibiaCivil AviationAuthority - (NAMCATS)
Safety Division

Part171 ATELc Volume 1

3.5.84.26.1

ComplianceNote 1.The FAS path is a line in space defined by the landing threshold
point/fictitious threstold point (LTP/FTP), flight path alignment point (FPAP), threshold
crossing height (TCH) and glide path angle (GPA). The local level plane for the approach is
a plane perpendicular to the local vertical passing through the LTP/FTP (i.e. tangent to the
ellipsoid at the LTP/FTP). Local vertical for the approach is normal to th&X\&ipsoid

at the LTP/FTP. The glide path intercept point (GPIP) is where the final approach path
intercepts the local level plane.

ComplianceNote 2.For SBAS, FAS data B®are stored in airborne databases. The
format of the data for validation of a cyclic redundancy check is shown in Attachment D,
6.6. It differs from the GBAS FAS data block in 3.6.4.5.

FAS data block parametetstbe as followgsee Table B7A):
Operation typestraightin approach procedure or other operation types.

Coding: 0 = straightin approach procedure
1to15 = gpare

SBAS service provider iBdicates the service provider associated with this FAS data
block.

Coding: See TableX.
14= FAS data block is to be used with GBAS only.
15= FAS data block can be used with any SBAS service provider.

Airport ID:the three- or four-letter designator used to designate an airport.

Coding: Each character is coded using the lower 6 bits ofttsdpresentation. For each
character, bis transmitted first, and 2 zero bits are appended afterdm that 8 bits a&
transmitted for each character. Only upper case letters, numeric digits apd 1A & LJ OS ¢
are used. The rightmost character is transmitted first. For a threecharacter airport ID, the
rightmost (first transmitted) charactenustbe IAp @ & LI OS¢ @
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Runway numberthe runway orientation, poinin-space final approach course, or SBAS
circling only procedure course rounded to the nearest 10 degrees and truncated to two
characters.

Coding: 01 to 36 = runway number
Compliance Notd=or heliport operations, the runway number value is the integer nearest
to one tenth of the final approach course, except when that integer is zero, in which case

the runway number is 36.

Runway letterthe oneletter designator used, as necessary,differentiate between
parallel runways.

Coding: 0 = no letter

1 = R (right)
2 = C (centre)
3 = L (left)

Approach performance designatahis field is not used by SBAS.

Table B57A. Final approach segment (FAS) data block

Data content Bits used Range of values Resolution
Operation type 4 0to 15 1
SBAS service provider ID 4 0to 15 1
Airport ID 32 T T
Runway number 6 01to 36 1
Runway letter 2 T T
Approach performance designator 3 Oto7 1
Route indicator 5 T T
Reference path data selector 8 Oto 48 1
Reference path identifier 32 T T
LTP/FTP latitude 32 +90.0° 0.0005 arcsec
LTP/FTP longitude 32 +180.0° 0.0005 arcsec
LTP/FTP height 16 ¢512.0t0 6 041.5m 0.1m
ncttlt €1 GAGARS 24 +1.0° 0.0005 arcsec
pnCt!t f2y3aAridRRs 24 +1.0° 0.0005 arcsec
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Approach TCH\pte 1) 15 0t01638.35mor0 0.05 mor
to 3 276.7 ft 0.1ft
Approach TCH units selector 1 T T
Glide path angle (GPA) 16 010 90.0° 0.01°
Course width 8 8010 143.75m 0.25m
n[ Syaagk 2FFasi 8 0t02032m 8m
Horizontal alert limit (HAL) 8 0to51.0m 0.2m
Vertical alert limit (VALNote 2 8 0to51.0m 0.2m
Final approach segment CRC 32 T

ComplianceéNote 1.Information can be provided in either feet or metres as indicated by the approat
unit selector.

ComplianceNote 2.A VAL of 0 indicates that the vertical deviations cannot be used (i.e., a later

approach). This does not preclude providiayisory vertical guidance on such approaches, refer to F,
20-138.

Route indicatorl a6 f I y 1 ¢ -leteeNdeniifleSused 6 Slifferentiate between
multiple procedures to the same runway end.

Compliance Note: Procedures are considered to be different even if they only differ by
the missed approach segment.

Coding: Theelter is coded using bits:lihrough I of its IA5 representation. Bit bis

AAAAAA

(NI YEAYAGGSR FTANRGO hyfe dzZILISNg O &I @ el ( SaNBITY 18

are used. Blank indicates that there is only one procedure to the runway end. Fquleulti
procedures to the same runway end, the route indicator is coded using a letter starting
from Z and moving backward in the alphabet for additional procedures.

Reference path data selector (RPI83:field is not used by SBAS.
Reference path ideifier (RPI)four characters used to uniquely designate the reference

path. The four characters consist of three alphanumeric characters plus a blank or four
alphanumeric characters.
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Compliance Note: The best industry practice matches the 2nd &@rd character
encoding to the encoded runway number. The last character is a letter starting from A or
I aoflyl o

Coding: Each character is coded using hithtough ks of its I1A5 representation. For
each character, 4is transmitted first, and 2exo bits are appended afterslso that 8 bits
are transmitted for each character. Only upper case letters, numeric digits afd IA
GaLlk 0S¢ NB dzaSRe® ¢KS NAIKGY2ad OKEFNIF O
reference path identifier, the rightmostfirst transmitted) charactermust be A5
GaLl 0S¢ o

Compliance Notéfhe LTP/FTP is a point over which the FAS path passes at a height above
the LTP/FTP height specified by the TCH.

LTP/FTP latitudehe latitude of the LTP/FTP point in arc seconds.
Coding: positive value denotes north

latitude. negative vale
denotes south latitude.

LTP/FTP longitudéne longitude of the LTP/FTP point in arc seconds.
Coding: positive value denotes east

longitude. negative value
denotes west longitude.

LTP/FTP heighthe height of the LTP/FTP above the \W&3X:llipsoid.

Coding: This field is coded as an unsigned {p@dt number with an offset o£512
metres. A value of zero in this field places the LTP/FTP 512 metres below the
earth ellipsoid.

Compliance NoteThe FPAP is a point at thensa height as the LTP/FTP that is used to

define the alignment of the approach. The origin of angular deviations in the lateral
direction is defined to be 305 metres (1 000 ft) beyond the FPAP along the lateral FAS
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path. For an approach aligned with the way, the FPAP is at or beyond the stop end of
the runway.

kCt !t ftheldiffaiedzie SfYatitude of the runway FPAP from the LTP/FTP in arc
seconds.

Coding: Positive value denotes the FPAP latitude north of LTP/FTP latitude.
Negative value denotes the FPAP latitude south of the LTP/FTP latitude.

kCt !t f 2hydfferéndeRoSlongitude of the runway FPAP from the LTP/FTP in arc
seconds.

Coding: Positive value indicates the FPAP longitude east of LTP/FTP longitude.
Negative value indicates the FPAP longitude west of LTP/FTP longitude.

Approach TCHhe height of the FAS path above the LTP/FTP defined in either feet or
metres as indicated by the TCH units selector.

Approach TCH units selecttire units used to describe the TCH.

Coding: 0 = feet
1 = metres

Glide path angle (GPAhe angle of the FAS path with respect to the horizontal plane
tangent to the WG$84 ellipsoid at the LTP/FTP.

Course widththe lateral displacement from the path defined by the FAS at the LTP/FTP
at which fullscale deflection of a course deviatioicator is attained.

Coding: This field is coded as an unsigned {fpadt number with an offset of 80 metres.
A value of zero in this field indicates a course width of 80 metres at the LTP/FTP.
n [ Sy 3 Khe giskafice 8dmYhe stop end of thenway to the FPAP.

Coding: 1111 1111 = not provided

HAL:Horizontal alert limit to be used during the approach in metres.
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3.5.8.4.2.6.2

VAL Vertical alert limit to be used during the approach in metres.

Final approach segment CRi@& 32bit CRC appended to the end of each FAS data block
in order to ensure approach data integrity. Theld2final approach segment CR@ist
be calculated in accordance with 3.9. The length of the CROwuoslbe k = 32 bits.

The CRC gemator polynomiamustbe:

GX) =R+ X1+ X4+ X2+ X0+ ¥4+ B+ X+ X+ ¥+ x+1

The CRC information field, M(r)ustbe:
288

M(x)= Z m; x288 = mx?® + mLx?88 + L+ mygex”
=1

M(x) must be formed from all bits of the associated FAS data block, excluding the CRC.
Bitsmustbe arranged in the order transmitted, such that oorresponds to the LSB of

the operation type field, and s corresponds to the MSB of the Vertical Alert LifWifL)

field. The CR@ustbe ordered such thatiiis the LSB andais the MSB.

For precision approach and APV operations, the service provider ID broadcast Type 17
messagamust be identical to the service provider ID in the FAS data block, except if ID
equals 15 in the FAS data block.

ComplianceNote: If the service provider ID in the FAS data block equals 15, then any
service provider can be used. If the service provider ID in the FAS data block equals 14,
then SBAS precise differential corrections cannot be used for the approach.

3.5.8.4.2.63 SBAS FAS data points accuratye survey error of all the FAS data points, relative to WGS

84, mustbe less than 0.25 metres vertical and 1 metre horizontal.

3.5.8.4.3 Departure, erroute, terminal, and noprecision approach operations
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3.5.84.3.1

3.5.8.4.3.2

3.5.8.4.3.3

3.5.84.34

The receiverustcompute and apply lonterm corrections, fast corrections and range rate
corrections.

The receiverustcompute and apply ionospheric corrections.

Compliance Notefwo methods of computing ionospheric corrections are provided in
3.1.2.4 and 3.5.5.5.2.

The receiverustapply a tropospheric model such that residual pseuaioge errors have
a mean value (u) less than 0.15 metres and a standavihtion less than 0.07 metres.

Compliance NoteA model was developed that meets this requirement. Guidance is
provided in Attachment D, 6.5.4.

The receiverustcompute and apply horizontal and vertical protection levadsdefined in
0Pp Ppdc ® LY tfnudtbeOaineddsdther fromzhy Brmulain 3.5.8.4.2.5,
which can be used for elevation angles not less than 4 degrees, or from the alternate
formula below, which can be used for elevation angles not less than 2 degrees:

1.001
1/0.002001 + sin?(8;)

X (14 0.015 x (max(0,4—6,))*) x 0.12m

% K S NilSthe elevation anglefdhe i" satellite.

Ly | R R.Amugtshtsfy the condition that a normal distribution with zero mean and
a0 yRINR RS @aboilniisthé er®ijdidaiblitionf@ residual aircraft pseudo
range errors as follows:

w

J f(x)dx < Q (g) for all % >0and
¥

-y

f f(dx < Q(%) for allg >0

—oo

¢ where

fi(x) =probability density function of the residual aircraft pseudmge error and
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T
Qx) = “:EJA e z2dt

Compliance Note: The standard allowance for airborne multipath defined in 3.6.5.5.1
may be used to bound the multipath errors.

3.5.8.4.4 For departure, efroute, terminal, and nofprecision approach operations, the receiveay
use the broadast ionospheric corrections, when available, and a tropospheric model
with performance equal to that specified in 3.5.8.4.3.

3.5.9 Interface Between Sbas

Compliance NoteGuidance material on the interface between different SBAS service
providers is given in Attachment D, 6.3.

3.6 Grounebased augmentation system (GBAS) and grotbabed regional augmentation
system (GRAS)

3.6.1 General

The GBAMust consist of a ground subsystem and an aircraft subsystem. The GBAS
ground subsystermust provide data and corrections for the GNSS ranging signals over a
digital VHF data broadcast to the aircraft subsystem. The GRAS ground subsystiem
consistof one or more GBAS ground subsystems.

Compliance NoteGuidance material is provided in Attachment D, 7.1.

3.6.1.1 GBAS service typeA GBAS ground subsystenust support either the positioning service,
approach service or both tygeof service.

ComplianceNote 1. Service types refers to a matched set of ground and airborne

functional and performance requirements that ensure that quantifiable navigation

performance is achieved by the airborne equipment. Guidance material concerning
service types is given in Attacant D, 7.1.
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ComplianceNote 2. GBAS ground facilities are characterized by a GBAS facility
classification (GFC). Many GBAS performance and functional requirements depend on the
GFC. These SARPs are organized according to which requirements applefofaxility
classification element (i.e. the facility approach service type (FAST) letter, the facility
polarization, etc.). Guidance material concerning facility classifications is given in
Attachment D, 7.1.4.1.

3.6.1.2 All GBAS ground subsystenust comply with the requirements of 3.6.1, 3.6.2, 3.6.3, 3.6.4,
3.6.6 and 3.6.7, unless otherwise stated. A FAST D ground subsystmomply with
all FAST C requirements in addition to the specific FASGuDements.

3.6.2 REharacteristics

3.6.2.1 Carrier frequency stabilityThe carrier frequency of the data broadcastist be maintained
within £0.0002 per cent of the assigned frequency

3.6.2.2 Bit-to-phasechange encodingsBA®nessagemustbe assembled into symbols, each consisting
of 3 consecutive message bits. The end of the messagtbe padded by 1 or 2 fill bits
if necessary to form the lastldit symbol of the message. Symboisistbe converted to
D8PSKIc NNA S NJ LIK k) i@ Sccodd&nbeTwithiT ablefiB.

Compliance NoteThe carrier phase for thé'lsymbol ( ) is given by: k=, kab . p The

D8PSK signal may be produced as shown in Figl®ebl combining two quadrature RF

signals which are independently suppressatier amplitudemodulated by base band

FAf GSNBR A YLIzZ &S A drepresehtRadcauntdrcbSkwigeyfofabids inthé& Ay
complexdQ plane of Figure-B9.

3.6.2.3 Modulation wave form and pulse aping filters The output of differential phase encodewst
be filtered by a pulse shaping filter whose output, s(t), is described as follows:

k=
s(t)= Z el®k h (t - kT)
k=—

where
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h = the impulse response of the raised cosine filter= (as defined in 3.6.2.2); t =time;
and
T=the duration of each symbol = 1/10 500 second.

This pulse shaping filtenust have a nominal complex frequency response of a raised

cosineAf SN gAGK h I' nodcd ¢KS GAYS NBaALRYyAS
base band filtersnustbe as follows:

n () o ()

h)=——1/ AT/
t Z(ﬁ
T
1 f 0<fel @
or =f<
2T
. T -
| 1-sin (X (afT - 1_)) . .
H(f)= (20{ for 1« =f= 1+
2T 2T
0 " . 1+ a
or =
2T

The output s(t) of the pulse shaping fillerust modulate the carrier.

3.6.2.4 Error vector magnitudelhe error vector magnitude of the transmitted signalistbe less than
6.5 per cent rooimeansquare (1 sigma).

3.6.2.5 RF data rateThe symbol ratenustbe 10 500 symbols per second +0.005 per cent, resulting in
a nominal bit rate of 3500 bits per second.

Table B58. Data encoding

Message bits Symbol phase shift
13k-2 13k-1 13k n «
0 0 0 n-kKn
0 0 1 M~ Kn
0 1 1 H™ Kn
0 1 0 0O~ Kn
1 1 0 n- kKn
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1 1 1 p~ K~
1 0 1 cC~ Kn
1 0 0 T KN

Compliance Note: |jis the i bit of the burst to be transmitted, wherei$ the firs
bit of the training sequence.

3.6.2.6 Emissions in unassigned time sldfmder all operating conditions, the maximum power over a

25 kHz channel bandwidt centred on the assigned frequency, when measured over any
unassigned time slotustnot exceed;105 dBc referenced to the authorized transmitter
power.

Compliance Notefhe¢105 dBc may not protect reception of emissions in a slot assigned
to another desired transmitter for receivers within 80 metres from the undesired
transmitting antenna.

3.6.3 Data Structure

3.6.3.1 Transmitter Timing

3.6.3.1.1 Data broadcast timing structureThe time division multiple access (TDMA) timing structure

mustbe based on frames and time slots. Each framustbe 500 milliseconds in duration.
Theremustbe 2 such frames contained in eactsdcond UTC epochhd first of these
framesmuststart at the beginning of the UTC epoch and the second frawmg start 0.5
seconds after the beginning of the UTC epoch. The framust be time division
multiplexed such that imustconsist of 8 individuaime slots (A to H) of 62-/iillisecond
duration.

3.6.3.1.2 Bursts Each assigned time skmiustcontain at most 1 burst. To initiate the use of a time slot,

the GBASnust broadcast a burst in that time slot in each of 5 consecutive fiarker
each time slot in use, the ground subsystemstbroadcast a burst in at least 1 frame of
every 5 consecutive frames.

CompliancéNote 1.Bursts contain one or more messages and may be of variable length
up to the maximum allowed within thedot as required by 3.6.3.2.
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ComplianceéNote 2.During time slot initiation, the airborne receiver may not receive the
first 4 bursts.

3.6.3.1.3 Timing budget for bursts

3.6.3.1.3.1 Each bunstustbe contained in a 62-hillisecond time slot.

3.6.3.1.3.2 The beginning of the buratistoccur 95.2 microseconds after the beginning of the time slot
with a tolerance of £95.2 microseconds.

3.6.3.1.3.3 For GBAS/E equipment, the stathefsynchronization and ambiguity resolution portion of
the burst, transmitted with horizontal polarization (HPOL)ust occur within 10
microseconds of the start of the burst transmitted with vertical polarization (VPOL).

Compliance Notefable B59 illustrates the burst timing.

3.6.3.1.4 Rampup and transmitter power stabilizatioThe transmittemustramp up to 90 per cent of
the steadystate power level within 190.5 microseconds after the beginning of the burst
(2 symbols). The transmittemust stabilize at the steadgtate power within 476.2
microseconds after the beginning of the burst (5 syish

Compliance Notd@he transmitter power stabilization period may be used by the aircraft
receiver to settle its automatic gain control.

3.6.3.1.5 Rampdown. After the final information symbol is transmitted in an assigned time slot, the
transmitter output power levemust decrease to at least 30 dB below the steadgte
power within 285.7 microseconds (3 symbols).

3.6.3.2 Burst organization and codingach bursimust consist of the data elements shown in Table B
60. Encoding of the messagesist follow the sequence: application data formatting,
training sequence forward error correction (FEC) generation, application FEC generation
and bit scrambling.

3.6.3.2.1 Synchronization and ambiguity resolutidrhe synchronization and ambiguity redau field
mustconsist of the 4&it sequence shown below, with the rightmost bit transmitted first:
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010001111 101111110001 100 011 101 100 000 011 110 010 000

Table B59. Burst timing

Nominal percentage

Event Nominal event duration of steadystate power
Rampup 190.5 ps 0% to 90%
Transmitter power stabilization 285.7 s 90% to 100%

Synchronization and ambiguity resolution 1 523.8 ps 100% Transmission of scrambled d&&  761.9 ps

100%
Rampdown 285.7 psKote J) 100% to 0%

Notes.

1. Event duration indicated for transmission of scrambled data is for maximum application data length of 1 776 bits, 2 fill bits
and nominal symbol duration.

2. These timing requirements provide a propagation guard time of 1 259 microseconds, allowingéaraygropagation
range of approximately 370 km (200 NM).

3. Where bursts from a GBAS broadcast antenna can be received at a range more than 370 km (200 NM) greater than the
range from another broadcast antenna using the next adjacent slot, a longed ginae is required to avoid loss of both
bursts. To provide a longer guard time, it is necessary to limit the application data length of the first burst to 1.744 bits
This allows a difference in propagation ranges of up to 692 km (372 NM) without conflict

Table B60. Burst data content

Element Data content Number of bits
all
Beginning of burst zeros 15
Power stabilization
Synchronization and ambiguity resolution 3.6.3.2.1 48
Scrambled data: 3.6.3.3
station slot identifier (SSID) 3.6.3.3.1 3
transmission length 3.6.3.3.2 17
training sequence FEC 3.6.3.3.3 5
application data 3.6.3.34 upto 1776
application FEC 3.6.3.3.5 48
fill bits (Note) 3.6.2.2 Oto2

Compliance NoteData scrambling of the fill bits is optional
(3.6.3.3.6).
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3.6.3.3 Scrambled Data Content

3.6.3.3.1 Station slot identifier (SSIDO)jhe SSIbnust be a numeric value corresponding to the letter
designation A to H of the first time slot assigned to the GBAS ground subsystem, where
at2d ! Aa NBLNBaSYyGSR o0& nx . o0& wmMXI [/ 0@
first.

3.6.3.3.2 Transnission length The transmission lengtimustindicate the total number of bits in both
application data and application FEC. The transmission length is transmitted LSB first.

3.6.3.3.3 Training sequence FEThe training sequence FB@Ist be computed over the SSID and
transmission length fields, using a (25, 20) block code, in accordance with the following

equation:
[Py, ..., R =[SSIE X % T§X{ DGIH ¢ [
where
Pn = the n" bit of the training sequence FEG (Rustbe transmitted first);
SSIR = the n" bit of the station slot identifier (SSIB LSB);
Tl = the n"bit in the transmission length (T LSB); and
H" = the transpose of the parity matrix, defined below:
000000001111 11111111]["
0011111100001 1111111
H'={11000111001100001111
11011011010100110011
01101001111001010101

Compliance Note: This code is capable of correcting all single bit errors and detecting
75 of 300 possible double bit errors.

3.6.3.3.4 Application dataThe application datenustconsist of one or more message blocks, as defined
in 3.6.3.4. The message blockastbe mapped directly into the application data with no
additional overhead of intervening layers.
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3.6.3.3.5 Application FECThe application FE@ustbe calculated using the application data by means
of a systematic, fixetength, ReeeSolomon (RS) (255, 249) code.

3.6.3.3.5.1 The fieldefining primitive, p(x), of the-R codemustbe:
PX) =X+ X+ X¥+x+1

3.6.3.3.5.2 The generator polynomial of th& Rode, g(xnustbe:
125
g(ka l_[ (K—ﬂi}= Xﬁ T al?ﬁxfl 1 ﬂ'LSEX&l 1 0[244]{3 4 G'J.'?ﬁx2 T CI156X+ 0:'2.25
i=120
GKSNBE h A& | NB2G 2F LIOEUV dza SR:EGF@I), 4@ y & (G NHzO (G A
hiis the I" primitive element in GF(256).

3.6.3.3.5.3 In generating the application FEC, the data to be encodedmusgkhe grouped into &it
RS symbols. All data fields in the message blocks that define the applicatiomdsta
be ordered such as specified in Tableg1Band B62, and in the message tables in 3.6.6.
However, since the48 code is a block code, application data blocks shorter than 249
bytes (1 992 bitsiustbe extended to 249 bytes by virtual fill bits set to zero and
appended to the application data.
These virtual fill bitenustnot be transferred to the bit scrambler. The data to be encoded,
m(x),mustbe defined by:

7 th+1 248 length

3 347 148
M(X) = AugX " + AprX™Y + o+ Adgdengte X 4 Q348 ength X et agXTag

where
length represents the number oflit bytes in the application data block;

awsgrepresents the message blodentifier, with the rightmost bit defined as the LSB and
the first bit of the application data sent to the bit scrambler;

avaglength+1represents the last byte of the message block CRC, with the leftmost bit defined
as the MSB and the last bit of thpg@ication data sent to the bit scrambler; and
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Avaglength, ..., &, & are the virtual fill bits (if any).

3.6.3.3.5.4 The 6-Rcheck symbolsiflmustbe defined as the coefficients of the remainder resulting
from dividing the message polynomi&hx(x) by the generator polynomial g(x):
5
b(x)=z b; x! + bsx?+byx*+bsx®+byx®+byx +by = [x°m(x)] mod g(x)
i=0
3.6.3.3.5.5 TheBit RS check symbotaustbe appended to the application data. EachiBR-S check
symbd must be transmitted MSB first fromobto bs, i.e. the first application FEC bit
transferred to the bit scramblemust be the MSB of band the last application FEC bit
transferred to the bit scramblemustbe the LSB ofsb

CompliancéNote 1.This RS code is capable of correcting up to 3 symbol errors.
CompliancéNote 2.The order of the transmitted-Bit RS check symboils of the appended
application FEC differs from the VHF data link (VDL) Mode 2. Moreover, for VDL Mode 2

each RS check symbol is transmitted LSB first.

ComplianceNote 3.Example results of application FEC encoding are given in Attachment
D, 7.15.

Table B61. Format of a GBAS message block

Message block Bits
Message block header 48
Message up to 1 696
CRC 32

Table B62. Format of messaddock header

Data field Bits
Message block identifier 8
GBAS ID 24
Message type identifier 8
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Message length 8

3.6.3.3.6 Bit scrambling

3.6.3.3.6.1 The output of a pseudoise scrambler with a 18§tage generator registanustbe exclusive
hwQSR 6AGK (GKS o0dzNBRG RFEGEF &adFNIAYy3a 6AGK GKS {
scrambling of the fill bits is optional and the setueof the fill bits is optional.

Compliance Notefhe fill bits are not used by the aircraft receiver and their values have
no impact on the system.

3.6.3.3.6.2 The polynomial for the register taps of the scramtlestbe 1 + x +X. The register content
must be rotated at the rate of one shift per bit. The initial status of the register, prior to
the first SSID bit of each burshust6 S aGmmMam namn MaAaMM AnAMEI @gAGK
the first stage of the register. The first output bit of the scramibheistbe sampled prior
to the first register shift.

Compliance NoteA diagram of the bit scrambler is given in Attachment D, 7.4.

3.6.3.4 Message block formaiThe message blocksust consist of a message block header, a message
and a 32bit CRC. Table-®L shows the construction of the message block. All signed
parametersmusto S (62 Qa O2YLX SYSy (G ydzyoSniistbé yR | ff dz
unsigned fixed point numbers. Theading of the datanustbe as shown in the message
tables in 3.6.6. All data fields in the message bloclst be transmitted in the order
specified in the message tables, with the LSB of each field transmitted first.

Compliance NoteAll binary representations reading left to right are MSB to LSB.

3.6.3.4.1 Message block headerhe message block headeustconsist of a message block identifier,
a GBAS identifier (ID), a message type identifier and a message length, asrshaie i
B-62.

Message block identifiethe 8-bit identifier for the operating mode of the GBAS message
block.

Coding:
1010 1010 = normal GBAS message
253



/F
NCAA

NAMIBLA CIVIL AVIATION AUTHORITY

TECHNICAL STANDARDS

NamibiaCivil AviationAuthority - (NAMCATS)
Safety Division

Part171 ATELc Volume 1

B-63).

1111 1111 = test GBAS message
All other values are reserved.

GBAS Inhe fourcharacter GBAS identification to differentiate between GBAS ground
subsystems.

Coding: Each character is coded using hitefough ks of its International Alphabet No.

5 (IA5) representation. Foeach character, bit bis transmitted first and six bits are
transmitted for each character. Only upper case letters, numeric digits apd 1A & LI OS¢
are used. The rightmost character is transmitted first. For a totesracter GBAS ID, the
rightmost (firg transmitted) charactemustbe IAp a & LJ OS¢ @

Compliance Notéfhe GBAS ID is normally identical to the location indicator at the nearest
airport. Assignment of GBAS IDs will be coordinated as appropriate to avoid conflicts.

Message type identifiethe numeric label identifying the content of the message (Table

Message lengththe length of the message int@t bytes including the ®yte message
block header, the message and théyite message CRC code.

3.6.3.4.2 Cyclic redundancy check (CRGg GBAS message CREBtbe calculated in accordance with

3.9.

3.6.3.4.2.1 The length of the CRC cmaistbe k = 32 bits.

3.6.3.4.2.2 The CRC generator polynomiatbe:

G(X) =R+ ¥+ X%+ X2+ X0+ X+ B+ X+ X+ ¥+ x+ 1

3.6.3.4.2.3 The CRC information field, Mf)stbe:

n

- 1 -1 _3
M(x)= E m; x* + myx™ +moxt? 4L+ myx°
i=1
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3.6.3.4.2.4 M(ustbe formed from the 4&it GBAS message block header and all bits of the variable
length message, excluding the CRC.mBiistbe arranged in the order transmitted, such
that m; corresponds to the first transmitted bit of the message block header, rand
corresponds to the last transmitted bit of the-48) message bits.

3.6.3.4.2.5 The CR@istbe ordered such thatiis the first bit transmitted andsg is the last bit
transmitted.

3.6.4 Data Content
3.6.4.1 Message typesThe message types that can be transmitted by GBésEbe as in Table-B3.

3.6.4.2 Type 1 Message PseudeRange Corrections

3.6.4.2.1 The Type 1 messagastprovide the differential correction data for individual GNSS ranging
souces (Table B0). The messagaustcontain three sections:

a) message information (time of validity, additional message flag, number of
measurements and the measurement type);

b) low-frequency information (ephemeris decorrelation parameter, satelipdemeris
CRC and satellite availability information); and

c) satellite data measurement blocks.

CompliancéNote 1.Transmission of the lofvequency data for SBAS ranging sources is
optional.

CompliancéNote 2.All parameters in this message type apply to-$86ond carrier
smoothed pseudoanges.

3.6.4.2.2 Each Type 1 messagsstinclude ephemeris decorrelation parameter, ephemeris CRC and
source availability duration parameters for one satellitegang source. The ephemeris
decorrelation parameter, ephemeris CRC and source availability duratishapply to
the first ranging source in the message.
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3.6.4.2.3 Pseud@nge correction parameternustbe as follows:

Modified Zcount:the indication of the time of applicability for all the parameters in the
message.

Coding: the modified-Zount resets on the hour (xx:00), 20 minutes past the hour (xx:20)
and 40 minutes past the hour (xx:40) referenced to GPS time.

Additional mesage flag:an identification of whether the set of measurement blocks in a
single frame for a particular measurement type is contained in a single Type 1 message
or a linked pair of messages.

Coding: 0 = All measurement blocks for a particular measurement type are contained in

one Type 1 message.

1 =This is the first transmitted message of a linked pair of Type 1 messages that together
contain the set of all measurement blocks for a particat@asurement type.

2 = Spare

3 = This is the second transmitted message of a linked pair of Type 1 messages that
together contain the set of all measurement blocks for a particular measurement type.

Compliance NoteWhen a linked pair of Type 1 megea is used for a particular
measurement type, the number of measurements andflegquency data are computed
separately for each of the two individual messages.

Number of measurementthe number of measurement blocks in the message.

Measurement typ: the type of ranging signal from which the corrections have been
computed.

Table B63. GBAS VHF data broadcast messages

Message type
identifier Message name
0 Spare
1 Pseuderange corrections
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GBASelated data
Null message
Final approach segment (FAS) data
Predicted ranging source availability
Reserved
Reserved for national applications
8 Reserved for test applications
9to 10 Spare
11 Pseuderange correctiong 30-second
smoothed pseudganges
12to 100  Spare
101 GRAS pseud@nge corrections
102 to 255 Spare

~N o Ok WN

Compliance Note: See 3.6.6 for message formats.

Coding:0 = C/A or CSA code L1
1 = reserved
2 = reserved
3 = reserved
4 to 7 = spare

Ephemeris decorrelation paramet@®): a parameter that characterizes the impact of
residual ephemeris errors due to decorrelation for the first measurement block in the
message.

For a SBAS geostationary satellite, the ephemeris decorrelation parameter, if
transmitted, mustbe coded as all zeros.

For GBAS ground subsystems that do not broadcast the additional data block 1 in the
Type 2 message, the ephemeris decorrelation paramaiestbe coded as all zeros.

Ephemeris CRGhe CRC computed with the ephemeris data used to determine
correctons for the first measurement block in the message. The ephemeris CRC for core
satellite constellation(s) ranging souraesist be calculated in accordance with 3.9. The
length of the CRC codsustbe k = 16 bits. The CRC generator polynomisdtbe:

G(X) =%¥+xX2+x+1
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The CRC information field, M(x), for a given satdtftitest be:

M(x)= Z m; x™ !+ myx* +myx? 4+ +mx°
i=1

For a GPS satellite, M{xjustbe of length n = 576 bits. M(x) for a GPS satdttitest be
calculated using the first 24 bits froeach of words 3 to S10 of subframes 1, 2 and 3 of
the data transmission from that satellite, ANDed with the GPS satellite ephemeris mask
of Table B64. M(x)mustbe arranged in the order that bytes are transmitted by the GPS
satellite, but with eachbyte ordered LSB first, such that; morresponds to bit 68 of
subframe 1, and mscorresponds to bit 287 of subframe 3.

Compliance Noteé(x) for a GPS satellite does not include word 1 (TLM) or word 2 (HOW),
which start each subframe, or the 6 parity bits at the end of each word.

For a GLONASS satellite, M@xjstbe of length n = 340 bits. M(x) for a GLONASS satellite
mustbe calculated using strings 1, 2, 3 and 4 of the data transmission from that satellite,
ANDed with the GLONASS satellite ephemeris mask of T&aleBtsmustbe arranged

in transmission order such thatymoorresponds to bit 85 of string 1, and4acorresponds

to bit 1 of string 4.

For a SBAS geostationary satellite, the ephemeris CRC, if transmiitgdbe coded as
all zeros.

The CR@ustbe transmitted in the ordergf rig, Mu...., fis, I1, I2, f3...1s, Where ris the "
coeffident of the remainder R(x) as defined in 3.9

Source availability duratiothe predicted duration for which corrections for the ranging
source are expected to remain available, relative to the modifiebuht for the first
measurement block.

Coding: 1111 1110 = The duration is greater than or equal to 2 540 seconds.
1111 1111 = Prediction of source availability duration is not provided by this ground
subsystem.
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3.6.4.2.4 The measurement block parametatsstbe as follows:

Ranging source IEhe identity of the ranging source to which subsequent measurement
block data are applicable.

Table B64. GPS satellite ephemeris mask

Subframe 1: Byte 1 Byte 2 Byte 3 Byte 1 Byte 2 Byte 3
Word 3 0000 0000 0000 0000 0000 0011 Word 4 0000 0000 0000 0000 0000 0000
Word 5 0000 0000 0000 0000 0000 0000 Word 6 0000 0000 0000 0000 0000 0000
Word 7 0000 0000 0000 0000 11111111 Word 8 111111112 11111111 11111111
Word 9 1111 11112 11111121 11111111 Word 10 1111 11112 11111111 11111100

Subframe 2: Byte 1 Byte 2 Byte 3 Byte 1 Byte 2 Byte 3
Word 3 1111 1111 111111121 11111111 Word 4 1111 1112 11111111 11111111
Word 5 11111111 11111111 11111111 Word 6 111111112 11111111 11111111
Word 7 1111 1111 111111121 11111111 Word 8 1111 1112 11111111 11111111
Word 9 11111111 11111111 11111111 Word 10 11111111 11111111 0000 0000

Subframe 3: Byte 1 Byte 2 Byte 3 Byte 1 Byte 2 Byte 3
Word 3 1111 11112 111111121 11111111 Word 4 1111 11112 11111111 11111111
Word 5 11111111 11111111 11111111 Word 6 1111 11112 11111111 11111111
Word 7 1111 11112 111111121 11111111 Word 8 1111 11112 11111111 11211111
Word 9 11111111 11111111 11111111 Word 10 1111 1111 11111111 11111100

Table B65. GLONASS satellite ephemeris mask

String 1:
0 0000 0000 0000 0000 0000 1111 1111 1111 1111 1111 1111 1111
1111111112111 1111 1111 1111 1111 0000 0000
String 2:

0 0000 0000 0000 0000 0000 1111 1111 1111 1111 1111 1111 1111
111112122222211711 111111111222 0000 0000
String 3:

000000111111 12222 000011111111 12122 2222 22221111 1111
11111222222211711 111111111222 0000 0000
String 4:

000001111111111111111 1111 1100 0000 0000 0000 0000 0QOO
0000 0000 0000 0000 0000 0000 0000 0000 0000
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Coding: 1t0 36 = GPS satellite IDs (PRN)
37 = reserved
38to 61 = GLONASS satellite IDs (slot number plt
62t0119 = spare
120 to 158 = SBAS satellite IDs (PRN)
159 to 255 = spare

Issue of data (IOD)Ihe issue of data associated with the ephemeris data used to
determine pseuderange and range rate corrections.

Coding: for GPS, IGDGPS IODE parameter (3.1.1.3.2.2)
FT2NJ D[ hb! { {Z BhaJIMNIDSHISING {6 4658 o0 ®H DPM DO PMV
for SBAS, 10D = 1111 1111

Compliance Notd=or GLONASS insert 0 in the MSB of the IOD.

Pseuderange correction (PRGlwe correction to the ranging source pseutinge.

Range rate correction (RR@e rate ofchange of the pseudoange correction.

" por_gnd the standard deviation of a normal distribution associated with the sigmrspace
contribution of the pseudagange error at the GBAS reference point (3.6.5.5.1, 3.6.5.5.2
and 3.6.7.2.2.4).

Coding: 111 1111 = Ranging source correction invalid.

B: through B: are the integrity parameters associated with the psewdoge corrections
provided in the same measurement block. For theanging source these parameters
correspond to B through B4(3.6.5.5.1.2, 3.6.5.5.2.2 and 3.6.7.2.2.4). During continuous
opeNJ G A2y S (HKS QAYMNOBLE i 2 GKS &k YS LKeEaA

epoch transmitted from a given ground subsystem with the following exception: the
physical reference receiver tied to any of the indices 1 to 4 can be replaced byramy ot
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physical reference receiver (including a previously removed one) that has not been used
for transmissions during the last 5 minutes.

Coding: 1000 0000 = Reference receiver was not used to compute the psngio
correction.

CompliancéNote 1.A physical reference receiver is a receiver with an antenna at a fixed
location.

ComplianceNote 2. Some airborne inertial integrations may expect a largely static
correspondence of the reference receivers to the indices. Refer to RTZ58DO
Apperdix L.

3.6.4.3 Type 2 message GBASelated data.Type 2 messagmustidentify the location of the GBAS

reference point at which the corrections provided by the GBAS applynaistigive other
GBASelated data (Table-B1). GBA%®elated dda parameteranustbe as follows:

Compliance Not&dditional data blocks may be included in the Type 2 message.
Additional data block 1 and additional data block 2 are defined. In the future, other
additional data blocks may be defined. Data blocks 2 through 255 are variable length and
may be appended tthe message after additional data block 1 in any order.

GBAS reference receivetse number of GNSS reference receivers installed in this GBAS
ground subsystem.

Coding: 0 = GBAS installed with 2 reference receivers
1 = GBAS installed with 3 reference receivers
2 = GBAS installed with 4 reference receivers
3 = The number of GNSS reference receivers installed in this GBAS ground

subsystem is not applicable

Ground accuracy designator lettéhe letter designator indicdémg the minimum signal
in-space accuracy performance provided by GBAS (3.6.7.1.1).

Coding: 0 = accuracy designation A
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1 = accuracy designation B
2 = accuracy designation C
3 = spare

GBAS continuity/integrity designator (GClDjumeric designator indi¢eng the
operational status of the GBAS.

Coding: 0 = spare

=GCID1

= GCID 2

=GCID 3

=GCID 4

= spare

= spare

= unhealthy

N o ok~ WODN B

CompliancéNote 1.The values of GCID 2, 3 and 4 are specified in order to ensure
compatibility of equipment with future GBAS.

CompliancéNote 2The value of GCID 7 indicates that all approach services supported by
the ground facility are unavailable.

Local magnetiwariation:the published magnetic variation at the GBAS reference point.
Coding: Positive value denotes east variation (clockwise from true north), Negative value
denotes west variation (counterclockwise from true north) 100 0000 0000 =
Precision apmach procedures supported by this GBAS are published based on true

bearing.

Compliance Notetocal magnetic variation is chosen to be consistent with procedure
design and is updated during magnetic epoch years.

" vert_iono_gradient the standard deviation of a normal distribution associated with the
residual ionospheric uncertainty due to sgdtdecorrelation (3.6.5.4).
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Refractivity index (I the nominal tropospheric refractivity index used to calibrate the
tropospheric correction associated with the GBAS ground subsystem (3.6.5.3).

/ 2RAY3IY ¢KAA FTASER Aa Oaith&Roffdetof +#40D2AQaue O2 YLIX SYS
of zero in this field indicates a refractivity index of 400.

Scale height @): a scale factor used to calibrate the tropospheric correction and residual
tropospheric uncertainty associated with the GBAS ground subsystem (3.6.5.3).

Refractivity uncertainty’(): the standard deviation of a normal distribution associated
with the residual tropospheric uncertainty (3.6.5.3).

Latitude:the latitude of the GBAS reference point defined in arc seconds.

Coding: Positive value denotes north latitude.
Negative value denotes south latitude.

Longitudethe longitude of the GBAS reference point defined in arc seconds.

Coding: Positive value denotes east longitude.
Negative value denotes west longitude.

Reference point heighthe height of the GBAS reference point above the V8&GS
ellipsoid.
3.6.4.3.1 Additional data block 1 parameterddditional data block 1 parametensustbe as follows:

REFERENCE STATION DATA SELECTORhERSISrical identifier that is used to
select the GBAS ground subsystem.

Compliance Not@&he RSDS is different from every other RSDS and every reference path
data selector (RPDS) broadcast on the same frequency by every GBAS ground subsystem
within the broadcast region.

Coding: 1111 1111 = GBAS positioning service is not provided
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MAXIMUM USE DISTANCEP the maximum distance (slant range) from the GBAS
reference point within which pseud@nge corrections are applied by the aircraft
element.

Compliance Not&his parameter does not indicate a distance within which VHF data
broadcast field strength requirements are met.

Coding: 0 = distance limitation

GPS EPHEMERIS MISSED DETECTION PARAMETER, GBAS Positioningraeayice (K
the multiplier for computation of the ephemeris error position bound for the GBAS
positioning service derived from the probability of missed detection given that there is
an ephemeris error in a GPS satellite.

For GBAS ground subsystems that do notlcast corrections for GPS ranging sources
or that do not provide the GBAS positioning service, this paranmetestbe coded as all
Zeros.

GPS EPHEMERIS MISSED DETECTION PARAMETER, GBAS approach service types A,
(Knd_e.cry: the multiplierfor computation of the ephemeris error position bound for GBAS
approach service types A, B and C derived from the probability of missed detection given
that there is an ephemeris error in a GPS satellite.

For GBAS ground subsystems that do not broadmasections for GPS ranging sources,
this parametemustbe coded as all zeros.

GLONASS EPHEMERIS MISSED DETECTION PARAMETER, GBAS Positioning S
(Knd_e,_pos.cLondzdhe multiplier for computation of the ephemeris error position bound

for the GBAS positioning service derived from the probability of missed detection given
that there is an ephemeris error in a GLONASS satellite.

For GBAS ground subsystems that do¢ Im@adcast corrections for GLONASS ranging

sources or that do not provide positioning service, this parametast be coded as all
zeros.
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GLONASS EPHEMERIS MISSED DETECTION PARAMETER, GBAS approach service types A,
B or C (K4 e cLonags the mutiplier for computation of the ephemeris error position

bound for GBAS approach service types A, B and C derived from the probability of missed
detection given that there is an ephemeris error in a GLONASS satellite.

For GBAS ground subsystems that do not broadcast corrections for GLONASS ranging
sources, this parametenustbe coded as all zeros.

3.6.4.3.2 Additional data blocksFor additional data blocks other than additional data block 1, the
parametersfor each data blocknustbe as follows:

ADDITIONAL DATA BLOCK LEN®G&Humber of bytes in the additional data block,
including the additional data block length and additional data block humber fields.

ADDITIONAL DATA BLOCK NUMBERwunerical identifier of the type of additional
data block.

Coding: 0 to 1= reserved
2 = additional data block 2, GRAS broadcast stations
3 = additional data block 3, GAST D parameters
4 = additional data block 4, VDB authentication parameters
5 to 255 = spare

ADDITIONAL DATA PARAMETHRSset of data defined in accordance with the
additional data block number.
3.6.4.3.2.1 GRAS broadcast stations

Parameters for additional data blockraust include data for one or more broadcast
stations as follows (Table@A):

CHANNEL NUMBERe channel number, as defined in 3.6.5.7, associated with a GBAS
broadcast station.
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Compliance Not&he channel number in this field refers to a frequency and an RSDS.

k [ ! ¢ L:¢he Gifference of latitude of a GBAS broadcast station, suesd from the
latitude provided in the latitude parameter of Type 2 message.

Coding: Positive value denotes that the GBAS broadcast station is north of the GBAS
reference point.

Negative value denotes that the GBAS broadcast station is south of the GBAS reference
point.

k [ h b DL thé d&fference of longitude of a GBAS broadcast station, measured from
the longitude provided in the longitude parameter of Type 2 message.

Codirg: Positive value denotes that the GBAS broadcast station is east of the GBAS
reference point.

Negative value denotes that the GBAS broadcast station is west of the GBAS reference
point.

Compliance NoteGuidance material concerning additadrdata block 2 is provided in
Attachment D, 7.17.

3.6.4.3.2.2 GAST D parameters

Parameters for additional data blockrustinclude parameters (Table@bB) to be used
when the active service type is GAST D as follows:

Kmd_e_ D,GLONAGS e p.cLonaksis the multiplier for computation of the ephemeris

error position bound for GAST D derived from the probability of missed detection given
that there is an ephemeris error in a GLONASS satellite. For GBAS ground subsystems that
do not broadcast correctionfer GLONASS ranging sources, this parameter is coded as all
Zeros.

Compliance NoteThis parameter, Kmd_e D,GLONASS, may be different than the
ephemeris decorrelation parameter Kmd_e_GLONASS provided in additional data block 1
of the Type 2 mesge. Additional information regarding the difference in these
parameters is given in Attachment D, 7.5.6.1.2 and 7.5.6.1.3.
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Kmd_e D,GP8d e pers is the multiplier for computation of the ephemeris error
position bound for GAST D derived from the [pability of missed detection given that
there is an ephemeris error in a GPS satellite. For GBAS ground subsystems that do not
broadcast corrections for GPS ranging sources, this parameter is coded as all zeros.

Compliance NoteThis parameter, idd_e_D,GPS, may be different than the ephemeris
decorrelation parameter Kmd_e_GPS provided in additional data block 1 of the Type 2
message. Additional information regarding the difference in these parameters is given in
Attachment D, 7.5.6.1.2 and 7.5.681

Sigma_vert_iono_gradient_D v&r_iono_gradient 0): IS the standard deviation of a normal
distribution associated with the residual ionospheric uncertainty due to spatial
decorrelation. This parameter is used by airborne equipment when its activeagp
service type is D.

Compliance Notdhis parameter, Sigma_vert_iono_gradient_D, may be different than
the ionospheric decorrelation parameter Sigma_vert_iono_gradient provided in the Type
2 message. Additional information regarding the difece in these parameters is given

in Attachment D, 7.5.6.1.2 and 7.5.6.1.3.

Yei@ is the maximum value ofi&at zero distance from the GBAS reference point. This
parameter is used by airborne equipment when its active approach service type is D.

Meig is the slope of maximumi&versus distance from the GBAS reference point. This
parameter is used by airborreguipment when its active approach service type is D.

Table B65A. GRAS broadcast station data

Data content Bits used Range of values Resolution
Channel number 16 20001 to 39999 1

Nl FGAGdRS 8 +25.4° 0.2°
nl2y3ridRSs 8 +25.4° 0.2°
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Table B65B. Addional data bl ck 3 GAST D parameters

Data content Bits used Range of values Resolution
Kmd e D,GPS 8 0to 12.75 0.05

Kmd e D,GLONASS 8 Oto 12.75 0.05

*vert iono gradient D 8 0to 25.5 x 189m/m 0.1 x 16 m/m
Yeic 5 0to3.0m 0.1

Meic 3 0to 0.7 m/km 0.1

3.6.4.3.2.3 VDB authentication parameters

Additional data block 4 includes information needed to support VDB authentication
protocols (Table B5C).

Slot group definitionThis 8bit field indicates which of the 8 slots-@#) are assigned for

use by the ground station. The field is transmitte8B first. The LSB corresponds to slot

'y GKS ySEG oAG Gz atz2iG .= yR a2 2y o |
G2 GKS 3INRdzyR adldAzyod ! dané AYRAOFGSA G

Table B65C. VDRButhentication parameters

Data content Bits used Range of values Resolution

Slot group definition 8 T T

3.6.4.4 TYPE 3 MESSAGHEULL MESSAGE

odc dn dn dm ¢KS ¢@LJS o YSaalr3sS Aa | @GFENARIofS f
subsystems that support the authentication protocols (see section 3.6.7.4).

3.6.4.4.2 The parameters for the Type 3 messag#t be as fdbws:
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Fillerl &S1jdzSy0S 2F oAda FtftGSNYylraGAy3a o60SieSSy
less than the value in the message length field in the message header.

3.6.45 Type 4 message Final approach segment (FATYype 4 messagaust contain one or more
sets of FAS data, each defining a single precision approach (Fa@Bke Bach Type 4
message data sehustinclude the following:
Data set lengththe number of bytes in the data set. The data set includes the data set
length field and the associated FAS data block, FAS vertical alert limit (FASVAL)/approach
status and FAS lateral alert limit (FASLAL)/approach status fields.

FAS data blockhe set of parameters to identify an approach and define its associated
approach path.

Coding: See 3.6.4.5.1 and Tabie®

Compliance NoteGuidance material for FAS path definition is contained in Attachment
D, 7.11.

FASVAL/approach dtes: the value of the parameter FASVAL as used in 3.6.5.6.
Coding: 1111 1111 = Do not use vertical deviations.

Compliance NoteThe range and resolution of values for FASVAL depend upon the
approach performance designator in the associated dad&block.

FASLAL/approach statube value of the parameter FASLAL as used in 3.6.5.6.

Coding: 1111 1111 = Do not use approach.

Compliance NoteThe Procedures for Air Navigation Services Aircraft Operations
(PANSOPS) (Doc 8168), Volanil, specifies conventions to be used by procedure
designers when applying the FAS data block definitions and codings below to encode

procedures.
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3.6.4.5.1 FAS data block.he FAS data blockust contain the parameters that define a single GAST A,
B, C or D approach. The FAS path is a line in space defined by the landing threshold
point/fictitious threshold point (LTP/FTP), flight path alignment point (FPAP), threshold
crossing height (TCH) anddgl path angle (GPA). The local level plane for the approach
is a plane perpendicular to the local vertical passing through the LTP/FTP (i.e. tangent to

the ellipsoid at the LTP/FTP). Local vertical for the approach is normal to theB¢VGS

ellipsoid at theLTP/FTP. The glide path intercept point (GPIP) is where the final approach
path intercepts the local level plane. FAS data block parametastbe as follows:

Operation typestraightin approach procedure or other operation types.

Coding0
1to 15

Compliance NoteDffset procedures are straight y

= straightin approach procedure
= spare

LIN2 OS RdzNE a

Table B66. Final approach segment (FAS) data block
Data content Bits used Range of values Resolution
Operation type 4 0to 15 1
SBAS provider ID 4 0to 15 1
Airport ID 32 T T
Runway number 6 1to 36 1
Runway letter 2 T T
Approach performance designator 3 Oto7 1
Route indicator 5 T T
Reference path data selector 8 0to 48 1
Reference path identifier 32 T T
LTP/FTP latitude 32 +90.0° 0.0005 arcsec
LTP/FTP longitude 32 +180.0° 0.0005 arcsec
LTP/FTP height 16 ¢512.0t0 6 041.5m 0.1m
pnCt!t fFdAGdzRS 24 +1.0° 0.0005 arcsec
ncttlt t2y3aAaiddzRS 24 +1.0° 0.0005 arcsec
Approach TCH (Note) 15 0to1638.35mor0 0.05 mor
to 3276.7 ft 0.1t
Approach TCH units selector 1 T T
GPA 16 0 to 90.0° 0.01°
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Course width 8 8010 143.75 m 0.25m
n[ Syaagk 2FFasi 8 0to2032m 8m
Final approach segment CRC 32 T T

Compliance Notdnformation can be provided in either feet or metres as indicated by the approact

unit selector.

SBAS service provider iBdicates the service provider associated with this FAS data
block.

Coding: See Table B7.
14 = FAS data block is to be used with GBAS only.
15 = FAS data block can be used with any SBAS service provider.

Compliance Not&his parameter is not used for approaches conducted using GBAS or
GRAS pseudange corrections.

Airport ID:the three- or four-letter designator used to designate an airport.

Coding: Each character is coded using the lower 6 bits ofitsdpresentation. For each
character, bis transmitted first, and 2 zero bits are appended aftersb that 8 bits a&
transmitted for each character. Only upper case letters, numeric digits apd 1At & LJ- OS ¢
are used. The rightmost character is transmitted first. For a threecharacter airport ID, the
rightmost (first transmitted) charactenustbe IAp G & LJ OS¢ @

Runway numberthe approach runway number.

Coding: 1 to 36 = runway number

Compliance Note=or heliport and poinrin-space operations, the runway number value

is the integer nearest to one tenth of the final approach course, except when that integer

is zero, in which case the runway number is 36.

Runway letterthe oneletter designator usedas necessary, to differentiate between
parallel runways.
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Coding: 0 = no letter

1 =R (right)
2 =C (centre)
3 =L (left)

Approach performance designatahe general information about the approach design.

Coding:

=GAST AorB

=GASTC

= GAST C and GAST D

= GAST C, GAST D and an additional approach service type to be defined in

the future

4 = GAST C, GAST D and two additional approach service types to be defined in
the future

5 5to7 = spare

w N B O

Compliance NoteSome airborne equipment designed for Category | performance is
insensitive to the value of the APD. It is intended that airborne equipment designed for
Category | performance accepts APD values of at ledstslvalid to accommodate future
extensions tdiigher performance types using the same FAS data block.

Route indicator:the oneletter identifier used to differentiate between multiple
approaches to the same runway end.

Coding: The letter is coded using bitgHyough ks of its IA5 representaion. Bit his
OGN YaYAGGSR FTANRGSO® hyfe dzLlILISHNI OKAES OSS( & 8

Reference path data selector (RPI®:numeric identifier that is used to select the FAS
data block (desired approach).

Compliance Notelhe RPDS for a given FAS data block is different from every other RPDS

and every reference station data selector (RSDS) broadcast on the same frequency by
every GBAS within the broadcast region.
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Reference path identifier (RPthe three or four alplnumeric characters used to
uniquely designate the reference path.

Coding: Each character is coded using hithtough ks of its IA5 representation. For

each character, s transmitted first, and 2 zero bits are appended aftesdthat 8 bits

are transmitted for each character. Only upper case letters, numeric digits abd IA

GaLl OS¢ | NB dzaSR® ¢KS NRIKGY2ad OKFNIOGSNI Aa
reference path identifier, the rightmost (first transmitted) characterust be IA5

GaLl 0S¢ o

Compliance NoteThe LTP/FTP is a point over which the FAS path passes at a relative
height specified by the TCH. LTP is normally located at the intersection of the runway
centre line and the threshold.

LTP/FTHhatitude: the latitude of the LTP/FTP point in arc seconds.

Coding: Positive value denotes north latitude.
Negative value denotes south latitude.

LTP/FTP longitudéie longitude of the LTP/FTP point in arc seconds.

Coding: Positive value denotes east longitude.
Negative value denotes west longitude.

LTP/FTP heighthe height of the LTP/FTP above the \W&3Xtllipsoid.

Coding: This field is coded as an unsigned {fpadt number with an offset o512
metres. A value of zero in this field places the LTP/FTP 512 metres below the earth
ellipsoid.

Compliance Notefhe FPAP is a point at the same height as the LTP/FTP that is used to
define the alignment of the approach. The origin of angular deviations in the lateral
direction is defined to be 305 metres (1 000 ft) beyond the FPAP along the lateral FAS
path. For arapproach aligned with the runway, the FPAP is at or beyond the stop end of
the runway.
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kK Ct !t ftheldiffdiedzit SfYatitude of the runway FPAP from the LTP/FTP in arc
seconds.

Coding: Positive value denotes the FPAP latitude north of LTRATERe.
Negative value denotes the FPAP latitude south of the LTP/FTP latitude.

kKCt! t f 2hydfferéndeRoSlongitude of the runway FPAP from the LTP/FTP in arc
seconds.

Coding: Positive value indicates the FPAP longitude east of LTP/FTP longitude.
Negative value indicates the FPAP longitude west of LTP/FTP longitude.

Approach TCHhe height of the FAS path above the LTP/FTP defined in either feet or
metres as indicated by the TCH units selector.

Approach TCH units selecttire units used to describe the TCH.

Coding: 0 = feet
1 = metres

Glide path angle (GPAhe angeé of the FAS path with respect to the horizontal plane
tangent to the WG4 ellipsoid at the LTP/FTP.

Course widththe lateral displacement from the path defined by the FAS at the LTP/FTP
at which fultscale deflection of a course deviation indica®attained.

Coding: This field is coded as an unsigned {fipadt number with an offset of 80 metres.
A value of zero in this field indicates a course width of 80 metres at the LTP/FTP.

n[ Sy 3 Khe gigahce BainYhe stop end of the runwaythe FPAP.

Coding: 1111 1111 = not provided

Final approach segment CRi@ 32bit CRC appended to the end of each FAS data block
in order to ensure approach data integrity. Theldgfinal approach segment CR@st

be calculated in accordance with 3.9. The length of the CRCnaosltde k = 32 bits.
274



NAMIBIA CIVIL AVIATION AUTHORITY

TECHNICAL STANDARDS

NamibiaCivil AviationAuthority - (NAMCATS)
Safety Division

Part171 ATELc Volume 1

The CRC gemator polynomiamustbe:

G(X) =+ ¥+ X4+ X2+ X0+ R4+ B+ X + X+ ¥+ x+1
The CRC information field, M(r)ustbe:

272

M(x)= Z m; x2727 = myx? + mox?0 + L+ myo,x?
=1

M(x) must be formed from all bits of the associated FAS data block, excluding the CRC.
Bitsmustbe arranged in the order transmitted, such that oorresponds to the LSB of

the operation type field, and 02 NNB aLR2yRa (2 (GKS a{The2F (KS
CRGQnustbe ordered such thatilis the LSB anduis the MSB.

3.6.4.6 Type 5 message predicted ranging source availabilitwhen used, the Type
5 messagenustcontain rising and setting information for the currently visible orrstm
be visible ranging sources. Predicted ranging source availability paranmetstde as
follows:

Modified Zcount:indicates the time of applicability of the parameters in this message.
Coding: Same as modified-@unt field in Type 1 meage (3.6.4.2).

Number of impacted sourcethe number of sources for which duration information
applicable to all approaches is provided.

Coding: 0 = Only specified obstructed
approaches have limitations.1 to 31 = The
number of ranging sources impacted.

Ranging source I@s for Type 1 message (3.6.4.2).

Source availability sensiedicates whether the ranging source will become available or
cease to be available.
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Coding: 0 = Differential corrections will soon cease to be provided for
the associated ranging source. 1 = Differential corrections will
soon start to be provided for the associated ranging source.

Source availability duratio the predicted minimum ranging source availability duration
relative to the modified Zount.

Coding: 111 1111 = The duration is greater than or equal to 1 270 seconds.

Number of obstructed approachdbe number of approaches for which the corrieets
will be reduced due to approach unique constellation masking.

Reference path data selecta@n indication of the FAS data block to which the source
availability data applies (3.6.4.5.1).

Number of impacted sources for this approable: number d sources for which duration
information applicable only to this approach is provided.

3.6.4.7 TYPE 6 MESSAGE

Compliance NoteType 6 message is reserved for future use to provide the information
required for Category II/lll precision approaches.

3.6.4.8 TYPE 7 MESSAGE

Compliance Notefype 7 message is reserved for national applications.

3.6.4.9 TYPE 8 MESSAGE

Compliance Notefype 8 message is reserved for local and regional test applications.
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3.6.4.10 TYPE 101 MESSAGERAS PSEUIRANGE CORRECTIONS

3.6.4.10.1 The Type 101 messageust provide the differential correction data for individual GNSS

ranging sources (Table™®A). The messagrustcontain three sections:

a) message information (time of validity, additional message flag, number of
measurements and the measurement type);

b) low-frequency information (ephemeris decorrelation parameter, satellite ephemeris
CRC and satellite availability information); and

c) satellite data measurement blocks.

Compliance NoteAll parameters in this message type apply to-§80ond carrier
smoothed pseudoanges.

3.6.4.10.2 Each Type 101 messagristinclude ephemeris decorrelation parameter, ephemeris CRC

and source availability duration parameters for one satellitaging source. The
ephemeris decorrelation parameter, ephemeris CRC and source availability duration
mustapply to the first ranging source in the message.

3.6.4.10.3 Pseuderange correction parametemnustbe as follows:

Modified Zcount as defined in 3.6.4.2.3.

Additional message flagis defined in 3.6.4.2.3 except applicable to Type 101 messages.
Number of measurementas defined in 3.6.4.2.3.

Measurement typeas defined in 3.6.4.2.3.

Ephemeris decorrelation parameter: (B3 defined in 3.6.4.2.3.

Ephemeris CR@&s defined in 3.6.4.2.3.

Source availability duratioras defined in 3.6.4.2.3.
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Number of B parameteran indication of whether the B parameters are included in the
measurement block for each ranging source.

Coding: 0 = B parameters are not included
1 = 4 B parameters per measurement block

3.6.4.10.4 The measurement block paraenetnustbe as follows:
Ranging source s defined in 3.6.4.2.4.
Issue of data (IODas defined in 3.6.4.2.4.
Pseuderange correction (PRG)s defined in 3.6.4.2.4.
Range rate correction (RR@} defined in 3.6.4.2.4.
" or_gnd @s defined in 3.6.4.2.4, with the exception of the range of values and resolution.
B1 through B4as defined in 3.6.4.2.4.
Compliance Note: Inclusion of the B parameters in the measurement block is @dtion
for Type 101 messages.
3.6.4.11 TYPE 11 MESSAGEPSEUD@®ANGE CORRECTIONSO-SECOND SMOOTHED PSEUDO
RANGES
3.6.4.11.1 The Type 11 messagsstprovide the differential correction data for individual GNSS ranging
sources (Table -BOB) with 3@second carriesmoothing applied. The messageust

contain three sections:

a) message information (time of validity, additional message flag, number of
measurements and the measurement type);

b) low-frequency information (ephemeris decorrelation parameter); and
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c) satellite data measurement blocks.

Compliance Notefransmission of the lofvequency data for SBAS ranging sources is
optional.

3.6.4.11.2 Each Type 11 messamistinclude the ephemeris decorrelation parameter for one satellite
ranging source. The ephemeris decorrelation parameteast apply to the first ranging
source in the message.

Compliance Notefhe eplemeris CRC and source availability duration parameters are not
included in the Type 11 message because they are provided in the Type 1 message.

3.6.4.11.3 Pseud@nge correction parameters for the Type 11 messagstbe as follows:
Modified Z-count:as defined in 3.6.4.2.3.

Additional message flagn identification of whether the set of measurement blocks in a
single frame for a particular measurement type is contained in a single Type 11 message
or a linked pair of messages.

Coding0 =All measurement blocks for a particular measurement type are contained in

one Type 11 message.

1= This is the first transmitted message of a linked pair of Type 11 messages
that together contain the set of all measurement blocks for a particular
measurement type.

2= Spare

3 = This is the second transmitted message of a linked pair of Type 11 messages
that together contain the set of all measurement blocks for a particular
measurement type.

Number of measurementthe number of measurement blocks in the message.

Measurenent type:as defined in 3.6.4.2.3.
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Ephemeris decorrelation parameter )R parameter that characterizes the impact of
residual ephemeris errors due to decorrelation for the first measurement block in the
message.

Compliance Notefhis parameter, & may be different than the ephemeris decorrelation
parameter P providé in the Type 1 message. Additional information regarding the
difference in these parameters is given in Attachment D, 7.5.6.1.3 and 7.5.6.1.4.

For an SBAS geostationary satellite, the ephemeris decorrelation parameter, if
transmitted, mustbe codeal as all zeros.

3.6.4.11.4 The measurement block parametetstbe as follows:
Ranging source I@s defined in 3.6.4.2.3.

Pseuderange correction (PR&. the correction to the ranging source pseutiinge
based on 36econd carriesmoothing.

Range rate correction (RRCthe rate of change of the pseudange correction based
on 30second carriesmoothing.

{A3YIl Pt w3y R thé staddard dviation of a normal distribution associated

with the signal irspace contribution of the pseud@nge error in the 10&econd
smoothed correction in the Type 1 message at the GBAS reference point (3.6.5.5.1 and
3.6.7.2.2.4).

Compliance NoteThe parameter pr_gnq p differs from ™ ,_gna for the corresponding
measurement in the Type 1 message in thatgna_p mayinclude no inflation to address
overbounding of decorrelated ionospheric errors.

Coding: 1111 1111 = Ranging source cowadnvalid.
{A3YIl ¢t wy 3 yRdp tha stadidard deviation of a normal distribution that
describes the nominal accuracy of corrected psetmlige smoothed with a time

constant of 30 seconds at the GBAS reference point.
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Compliance Notgt KS Yy 2 N I £ R A _3ndia0) idtelzdell # he ab apprdpriate
description of the errors to be used in optimizing the weighting used in a weighted least
squaresposition solution. The distribution need not bound the errors as described in
3.6.55.1and 3.6.7.2.2.4.

Coding: 1111 1111 = Ranging source correction invalid.

3.6.5 DEFINITIONS OF PROTOCOLS FOR DATA APPLICATION

Compliance Notd@his section defines the integlationships of the data broadcast
message parameters. It provides definitions of parameters that are not transmitted, but
are used by either or both neaircraft and aircraft elements, and that define terms
applied to detemine the navigation solution and its integrity.

3.6.5.1 Measured and carrier smoothed pseudmge.The broadcast correction is applicable to carrier

smoothed code pseudmange measurements that have not had the satellite broadcast
troposphere and inosphere corrections applied to them. The carrier smoothing is
defined by the following filter:

. . A
Pescn =0aP + (1 -a) (Pcsc,,_L + E(an - ‘13'11-1:‘)

where
PCSCn = the smoothed pseudesange;
PCSGrl = the previous smoothed pseud@ange;

P = the raw pseuderange measurement where the raw pseutinge measurement
are obtained from a carrier driven code loop, first order or higher and with a
sided noise bandwidth greater than or equal to 0.125 Hz;

< = the L1 wavelength;

> ngl

= the carrier phase;

= the previous carrier phase; and

= the filter weighting function equal to the sample interval divided by the smoot
time constant. For GBAS pseudmge corrections in message Type 1 and mes
Type 101, the smoothing time constant is 100 seconds, except as speci
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3.6.8.3.5.1 forairborne equipment. For GBAS psewudnge corrections i
message Type 11, the smoothing time constant is 30 seconds.

3.6.5.2 Corrected pseudmange.The corrected pseudoange for a given satellite at tintds:

PR orrected = Pesc = PRC + RRC * (t —tz-count) + TC + ¢ * (Atg)rs

where
PCS = the smoothed pseudwsange (defined in 3.6.5.1);
PRC = the pseuderange correction from the appropriate message:

a)for 100-second smoothed pseud@nges, PRC is taken from messag
Type 1 or Type 101 defined in 3.6.4.2; and
b) for 30second smoothed pseud@nges, PRC is PREken from
message Type 11 defined in 3.6.4.11;
RRC = the pseuderange correction rate from the appropriate message:
a)for 100-second smoothed pseud@nges, RRC is taken from messac
Type 1 or Type 101 defined in 3.6.4.2; and
b) for 30second smoothed pseud@nges, RRC is RRC30 taken
message Type 11 defined in 3.6.4.11;
t = the current time;
tz-count = the time of applicability derived from the modifiedcdunt of the messac
containing PRC and RRC;
TC = the tropospheric correction (defined in 3.6.5.3); and
O I ysR.aré asitlefined in 3.1.2.2 for GPS satellites.

3.6.5.3 TROPOSPHERIC DELAY

3.6.5.3.1 The tropospheric correction for a given satellite is:
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107°
TC = N,h, (1 - e An/hoy

/0.002 + sin(EL)

where
N: = refractivity index from the Type 2 message (3.6.4.3);
n kK = height of the aircraft above the GBAS reference poin
El = elevation angle of the"isatellite; and
ho = troposphere scale height from the Type 2 message.

3.6.5.3.2 The residual tropospheric uncertainty is:

-6
10 (1 _ e—ﬂl],!’hu')
J0.002 + sin?(EL) - |

Otropo = On hyp

g K S NBthe refractivity uncertainty from the Type 2 message (3.6.4.3).

3.6.5.4 Residual ionospheric uncertainfyhe residual ionospheric uncertainty for a
given satellite is:

Giono = Fpp * Ovig * (Xair T2 % T % Vgir)

Fp = the verticatto-slant obliquity factor for a given satellite (3.5.5.5.2);
" @ A= s dependent on the active GAST.

C 2 NJ D! if=Certibnoradient {as defined in 3.6.4.3.2.2);

Xair the distance (slant range) in metres between current aircraft location and the
reference point indicated in the Type 2 message,;
) = A& RSLISYRSY(G 2y G(KS IOGAGS D' {¢cd C21
seconds (time constant used in 3.6.5.1); and
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C2NJ D!'{¢ 53X (GKS @I t dz§S on2iF applied i SrieiSyfdrnant 2 y

GSAIAKGAYT 2N AY AY3iSIANRKG S onodsuseyTor integtip T
02dzy RAy3a OGLISNJ] aSO0GA2Yy o dc dp Op.dsvudeddam 0 |
measurement weighting (per section 3.6.5.5.1.1.2);

Vair =the aircraft horizontal approach velocity (metres per second).

3.6.5.5 PROTECTION LEVELS

3.6.5.5.1 Protection levels for all GBAS approach service tyipessignain-space vertical and lateral

protection levels (VPL and LPL) are upper confidence bounds on the error in the position
relative to the GBAS reference point defirest

VPL = MAX{VPLyno.VPLg1}

LPL = MAX{LPLya.LPLy;}
3.6.55.1.1 Normal measurement conditions

3.6.5.5.1.1.1  The vertical protection level (MPhnd lateral protection level (LR), assuming that

normal measurement conditions (i.e. no faults) exist in all reference receivers and on all
ranging sourcess calculated as:

VPLuo = KetmaGuert TDv

LPLip = KegnaOiat TD1
where
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=
=D s _vert; xo;
i=1

o

Vverr

N

7 3

Ol = \/z s_lat; Xo7
=

2 2 2 2 2 .
g;=0a pr_gnd.i TGO troped G pr_airi G jono i

and

" or_gna,iiS dependent on the active GAST.
C2NJ D! { ¢ plgmil .o g2fdtXhé fYranging source as defined in 3.6.4.2;

C2 NJ D! pf ofsil" 5Yona o for the i" ranging source (3.6.4.11);

HONRLI2ZIA T ° HLINJFANEA YR ° HA2Y2IA | NB
Kffmd = the multiplier derived from the probability of fauftee missed detection;
s vert= s+ ;% tan (GPA);
s lat = sy,
s, = the partial derivative of position error in thedirection with respect to pseud
range error on the'l satellite;
s,i = the partial derivative of position error in the-direction with respect to pseud
range error on the'l satellite;
s.,i = the partial derivative of position error in the vertical direction with respec
pseuderange error on the'l satellite;
GPA = the glidepath agle for the final approach pat{8.6.4.5.1);
N = the number of ranging sources used in the position solution; and

i = the ranging source index for ranging sources used in the position solution;

Dv= an airborne determined parameter depending on the active GAST.

For GAST A, B or G:=0;

For GAT D: Dis calculated as the magnitude of the vertical projection of the difference
between the 36second and 108econd position solutions;
DL =an airborne determined parameter depending on the active GAST.
For GAST A, B or CHX;

For GAST M is calculated as the magnitude of the lateral projection of the difference
between the 30second and 1@&cond position solutions.
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CompliancéNote 1The airborne 3&econd and 108econd position solutionsyBnd D
are defined in RTCA MOPS-ZE3D.

ComplianceNote 2.The coordinate reference frame is defined such that x is along track
positive forward, y is crosstrack positive left in the local level tangent plane and v is the
positive up and orthogonal to x and

3.6.5.5.1.1.2 For a genetahstsquares position solution, the projection matrix S is defined as:
Sx.'l. SX,Z o S:{,N
S S,2 - S .
g={ ¥ ¥ PN = (GTX WX G) L x GT x W
Sv,l SU,Z o SU,N
St1 Se2 0 Siw
where
G, = [—cosEl cos Az;——cos Eljsin Az, —sinElj 1]= i row of G; and
- 4 -1
o, 0 0
0 o0,
w= o .
0 0 o,
where 0211.'.1 =a 21.:!1'_gzxrai.i +a Et'mpo.i ta 21.:!1'_:1ir.:i +G Eiono.i:
LN ANE 7“] = 2 (El) + 2 huiipath (El') , the standard deviation of the aircraft

contribution to the correctedeceiver

pseuderange error for the't ranging source. The total aircraft contribution includes
the receiver contribution (3.6.8.2.1) and a standard allowance for airframe multipath;
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where
" pr_gnd,i = is dependent on the active GAST.
C2NIJ D!'{¢ !'S . 2NJ/ 2NJ dk® Dyafor{the Figadighgi A2y Ay 3 &

source as defined in (3.6.4.2);

C2 NJ D! pfgil' 5e¥asdfor the i" ranging source (3.6.4.11);

" ropo,i = the residual tropospheric uncertainty for th ianging source (3.6.5.3);

“iono,i = the residual ionospheric delay (due to spatial decorrelation) uncertainty for the
i ranging source (3.6.5.4); and

Opr_airi — | 2 ’ 2 E
= [0, e (EL) + 05 o (ELD
\ recelver l multipath L the standad deviation of the aircraft

contribution to the correctedecever pseuderange error for the't ranging source. The
total aircraft contribution includes the receiver contribution (3.6.8.2.1) and a standard

allowance for airframe multipath;

where

" muttipatn(EJ) =0.13 + 0.53€110 %9 the standard model for the contribution of airframe
multipath (in metres);

El =the elevation angle for thé"iranging source (in degrees); and

Az =the azimuth for the'f ranging source taken counterclockwise for the x axis (in
degrees).

Compliance Notefo improve readability, the subscripvas omitted from the projection
YI GNRAEQa Sljdz2 GAZ2y ®

3.6.5.5.1.2 Faulted measurement conditiong/hen the Type 101 nesage is broadcast without B
parameter blocks, the values for \(Phnd LPL; are defined as zero. Otherwise, the
vertical protection level (VR and lateral protection level (LR), assuming that a latent
fault exists in one, and only one referencee®er, are:

VPly1= max [VBL+ Dy

LPky= max [LRL+ D
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A = an airborne determined parameter dependinqygﬁlfffiwamﬂng 1
ve GAST

msarmpere | = an airborne determined parameter depending on the acti (3.6.5.5.1.1.
and
B verf = HN-(s_vert xB));
B laf = HN=(s_lat x B);

B, = the broadcast differences between the broadcast pseuaiagecorrections and the
corrections obtained excluding th& jeference receiver measurement for the i
ranging source;

Kmnd = the multiplier derived from the probability of missed detection given that the grc
subsystem is faulted;

where VPland LPjforj=1to 4 are

)
2 N .
Cvethl = 3 (svert{ x o HL)
.
Y. N i
CE = 3 (slatf X o HI{):
g H1% M\ 2 2 2 2
— ! = U O pr gndi™ O prairi™ O tropn.i"' O iono,is
1

* LINYp B ddpendant on the active GAST
C2NJ D! { ¢ plgnkil o gndONthe/i"Yanging source as defined in (3.6.4.2);

C2 NJ D! g€l B o¥aofor the i" ranging source (3.6.4.11);

HOUNRLI2ZA I °  HLWNGNediNSEGon B.§/35.11.2,HA 2y 23 A ||

M= the number of reference receivers used to compute the pseraiwe corrections f
the i"" ranging source (indicated by the B values); and

U = the number of reference receivers used to compute the pseraiwe corrections f
the i"" ranging source, excluding thereference receiver.

Compliance NoteA latent fault includes any erroneous measurement(s) that is not
immediately detected by the ground subsystem, such that the broadcast data are affected

and there is an induced position error in the aircraft subsystem.

3.6.5.5.1.3 Definition of K multipliers for GBAS approach servides multipliers are given in Table B
67.

Table B67. Kmultipliers for GBAS approach services
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Multiplier Mi
1(Note) 2 3 4

Kffmd 6.86 5.762 5.81 5 847
Knd Not used 2.935 2.898 2.878

Compliance Note: For GAST Prted by Type 101 messacbroadcast without the B parameter block.
supp

3.6.5.5.2 GBAS positioning servidée signain-space horizontal protection level is an upper confidence
bound on the horizontal error in the position relative to the GBAS reference point defined

as:
HPL = MAX{HRJHPL1,HEB}
3.6.5.5.2.1 Normal measurements condition$he horzontal protection level (HRE, assuming that

normal measurement conditions (i.e. no faults) exist in all reference receivers and on all
ranging sources, is calculated as:

- d
HPLyo = Kefind POS major

where:
di =X, sg0
- N 2 2
df; = Li=154iT}
dyy = Xl 5418107
s«i = the partial derivative of position error in thedirection with respect to pseudo
range error on the'lsatellite
s,i = the partial derivative of position error in thedirection with respect to pseudo

range error on the'l satellite
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Kifmd,pos= the multiplier derived from the probabilitgf fault-free missed
detection

N the number of ranging sources used in the position solution
i the ranging source index for ranging sources used in the position solution
T the pseuderange error term as defined in 3.6.5.5.1.1

CompliancéNotet For the GBAS positioning service, the x and y axes define an arbitrary
orthogonal basis in the horizontal plane.

3.6.5.5.2.2 Faulted measurement conditiong/hen the Type 101 message is broadcast without B
parameter blocks, the value for HRLls defined as zero. Otherwise, the horizontal
protection level (HRL), assuming that a latent fault exists in one and only one reference
receiver, is:

HPli: = max [HPL
where HPLfor j=1to 4 is:

HPLj = |B_horzj| + Kmd_POSdmajor,H1
and

B = the broadcast differences between the broadcast pserad@e corrections and the
corrections obtained excluding th& jeference receiver measurement for tHerianging
source.

Knapos= the multiplier derived from the
probability of missed deteatin given that the ground subsystem is faulted.
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2

d

d_H1? +d H12 / d H1Z —d H12
major,H1 = 2 - [

+ Y1 +4d m?
| 2 -
\

N

7 ’l 2
d HI = Z s, ;0 _HI;
=1

N

7 ’l 2
d_H1;= Z 8y.50_HI1;
=1

N
d H lx}_= Z Sy iSyi0_H1 f

i=1

Compliance Notd=or the GBAS positioning service, the x and y axes define an arbitrary
orthogonal basis in the horizontal plane.

M; = the number of reference receivers used to compute gseuderange correction
for the " ranging source (indicated by the B values).
U = the number of reference receivers used to compute the pseralme corrections

for the i" ranging source, excluding the ieference receiver.

M;
2 _ 1 2 2 2 2
J_H li _( ) Gpr_gm:l.i + Gpr_ai.r.i + Gtropn.i + Oiono.i

Compliance NoteA latent fault includes any erroneous measurement(s) that is not
immediately detected by the ground subsystem, such that the broadcast data are affected
and there is an induced position error in the aircraft subsystem.

3.6.5.5.2.3 Definition of K multipliers for GBAS positioning serdibe.multiplier knq_rods equal to 10.0
and the multiplier lkq_ros is equal to 5.3.

291



/ X NamibiaCivil AviationAuthority -
Safety Division
NCAA

NAMIBLA CIVIL AVIATION AUTHORITY

TECHNICAL STANDARDS
(NAMCATS)

Part171 ATELc Volume 1

3.6.5.6 ALERT LIMITS

ComplianceNote 1. Guidance concerning the calculation of alert limits, including
approaches associated with channel numbers 40 000 to 99 999, is provided in Attachment

D, 7.13.

CompliancéNote 2. Computation of alert limits depends on the active service type.

3.6.5.6.1 GAST C and D alert limifthe alert limits are defined in Tables68 and B69. For aircraft
positions at which the lateral deviation exceeds twice the deviation at whictsdale
lateral deflection of a course deviation indicator is achteva vertical deviation exceeds
twice the deviation at which fulicale flydown deflection of a course deviation indicator
is achieved, both the lateral and vertical alert limits are set to the maximum values given

in the tables.

3.6.5.6.2 GAST A and B alert limitBhe alert limits are equal to the FASLAL and FASVAL taken from the
Type 4 message for approaches with channel numbers in the range of 20 001 to 39 999.
For approaches with channel numbers in the range 40 000 to 99tB8 alert limits are

stored in the orboard database.

3.6.5.7 Channel numbeEach GBAS approach transmitted from the ground subsystem is associated with
a channel number in the range of 20 001 to 39 999. If provided, the GBAS positioning
serviceis associated with a separate channel number in the range of 20 001 to 39 999.

The channel number is given by:

Channel number = 20 000 + 4@(E08.0) + 411(S)

where
F = the data broadcast frequency (MHz)
S = RPDS or RSDS

and
RPDS =

the reference path data selector for the FAS data block (as defined in 3.6.4
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RSDS = the reference station data selector for the GBAS ground subsystem (as del
3.6.4.3.1)

Table B68. GAST C and D lateral alert limit

Horizontal distance of aircraft position
from the LTP/FTP as translated

along the final approach path Lateral alert limit
(metres) (metres)
5 X yT1o0 FASLAL
ytTo £ 5 X 1T pnn 0.0044D (m) + FASLAB.85
D > 7 500 FASLAL + 29.15

TableB-69. GAST C and Dtical alert limit
Height above LTP/FTP of aircraft

position translated onto the final Vertical alert limit
approach path (feet) (metres)
| X HAnN FASVAL
HAn f | XX m onn 0.02925H (ft) + FASVAE.85
H>1 340 FASVAL + 33.35

For channel numbers transmitted in the additional data block 2 of Type 2 message (as
defined in 3.6.4.3.2.1), only RSDS are used.

CompliancéNote 1.When the FAS is not broadcast for an approach supported by GAST A
or B, the GBAS approach is ass@dawith a channel number in the range 40 000 to 99
999.

CompliancéNote 2.Guidance material concerning channel number selection is provided
in Attachment D, 7.7.

3.6.5.8 Ephemeris Error Position Bound
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Compliance NoteEphemeris error position bounds are computed only for core satellite
constellation ranging saues used in the position solution (j index) and not for other types
of ranging sources (SBAS satellites or pseudolites) that are not subject to undetected
ephemeris failures. However, the calculations of these position bounds use information
from all randng sources used in the position solution (i index).

3.6.5.8.1 GBAS approacihe vertical and lateral ephemeris error position bounds are defined as:

VEB = MAX{VEB D,
j

LEB =
MAX{LEB* D ]

The vertical and lateral ephemerisrror position bounds for the™ core satellite

constellation ranging source used in the position solution are given by:

VEBf‘S_\-’er‘rj‘x P.+K

alr g md_ej

LEBJ:‘S_IRI]- X PR ils_latfxof
where:
Dv = an airborne determined parameter depending on the active GAST
(3.6.5.5.1.1.1);
D = an airborne determined parameter depending on the active GAST
(3.6.5.5.1.1.1);
S_Vertorj is defined in 3.6.5.5.1.1;
s_lator; is defined in 3.6.5.5.1.1;
xair is defined in 3.6.5.4;
N is the number of ranging sources used in the position solution;

Y is defined in 3.6.5.5.1.1;
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Pej

Kmd_e,j

is the broadcast ephemeris decorrelation parameter for theanging source. The source «
this parameter depends on the active GBAS approach service type:

GAST A, B or G;;®P from the Type 1 or Type 101 Message corresponding t&' ttaaging
source. (section 3.6.4.2.3);

GAST D:= B from the Type 11 Mssage corresponding to th& janging source (section
3.6.4.11.3);

is the broadcast ephemeris missed detection multiplier for GAET aAsociated with th
satellite constellation for the"jranging source. The source of this parameter depends ol
active GBAS approach service type: GAST A, B 63 KKnd_e.crDr Knd_e.cLonas8S Obtainec
from the Type 2 Message Additional Data block 1 (section 3.6.4.3.1);

GAST D:l6_ej= Knd_e_D,cPOr Knd_e_p,cLonasRS Obtained from the Type 2 Message Additior
Data block 3 (section 3.6.4.3.2.2).

3.6.5.8.2 GBAS positioning service. The horizontal ephemeris error position bound is defined as:

HEB = MAX {HEB;}
]

The horizontal ephemeris error position bound for tiedore satellite constellation
ranging source used in the position solution is given by:

HEBJ = |Shorz,j|xairRi + Kmd_e_POSdmajor

where:

2_ o242
Shorzj — Sxj + 2yi

SX,j is as defined in 3.6.5.5.2.1

Sy, is as defined in 3.6.5.5.2.1

xair is defined in 3.6.5.4

R is the broadcast ephemeris decorrelation parameter for theajnging source.

The source of this parameter does not depend on the active GBAS approac
service type. In all cases=P from the Type 1 or Type 101 Message (section

3.6.4.2.3) corresponding to th# janging source.
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Kmd_e_ PCis the broadcast ephenmis missed detection multiplier for the GBAS positioni
service associated with the

satellite constellation for thejranging source @ e pos.crar Knd e pos,cLoNASS
dmajor is as defined in 3.6.5.5.2.1

3.6.5.9 lonospheric gradient error

The maximum undetected 28econd smoothed corrected pseudange error due to an
ionospheric gradient (g is calculated based on the broadcast parametersaid Meig

as:
Be = ¥ict Meie<Dric
where
Yeic = maximum value of E(metres) in the Type 2 message,;
Meec = slope of maximum E(m/km) in the Type 2 message,;
Deic = the distance in kilometres between the LTP location for the selected apprc
broadcast in the Type 4 Message and the GBAS reference point in the Ty
message.

3.6.6 Message Tables

Each GBAS messaguist be coded in accordance with the corresponding message
format defined in Tables-BO through B73.

Compliance Note: Message type structure is defined in 3.6.4.1.

Table B70. Type 1 pseudmnge corrections message

Data content Bits used Range of values Resolution
Modified Zcount 14 0to1199.9s 0.1ls
Additional message flag 2 Oto3 1
Number of measurements (N) 5 Oto 18 1
Measurement type 3 Oto7 1
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Ephemeris decorrelation parameter (P) 8

Ephemeris CRC 16

Source availability duration 8

For N measurement blocks  Ranging

source ID 8
Issue of data (I0D) 8
Pseuderange correction (PRC) 16
Range rate correction (RRC) 16
TLINJ 3YR 8
B 8
B 8
Bs 8
By 8

010 1.275 x 1 m/m 5 x 108%m/m
T T
0to2540s 10s
1to 255 1
0 to 255 1
+327.67 m 0.01m
+32.767 m/s 0.001 m/s
0t05.08 m 0.02m
+6.35m 0.05m
+6.35m 0.05m
+6.35m 0.05m
+6.35m 0.05m

Table B70A. Type 10GRAS pseudo

ange corrections message

Data content Bits used Range of values Resolution
Modified Zcount 14 0t011999s 0.1ls
Additional message flag 2 O0to3 1
Number of measurements (N) 5 Oto 18 1
Measurement type 3 Oto7 1
Ephemeris decorrelation parameter (P) 8 Jto 1.275 x 1& m/m 5 x 105 m/m
Ephemeris CRC 16 T T
Source availability duration 8 0to 2540 s 10s
Number of B parameters 1 Oor4 T
Spare 7 T T
For N measurement blocks  Ranging
source ID 8 1to 255 1
Issue of data (I0D) 8 0to 255 1
Pseuderange correction (PRC) 16 +327.67 m 0.01m
Range rate correction (RRC) 16 +32.767 m/s 0.001 m/s
“LINJ IYR 8 0to 50.8 m 0.2m
B parameter block (if provided)
B, 8 +25.4m 0.2m
By 8 +25.4m 0.2m
Bs 8 +25.4m 0.2m
By 8 +25.4m 0.2m
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Table B70B. Type 11 pseudange corrections (3&econd smoothed pseudeanges) message

Data content Bits used Range of values Resolution
Modified Zcount 14 0¢1199.9 sec 0.1 sec
Additional message flag 2 0¢3 1
Number of measurements 5 0¢18 1
Measurement type 3 0¢g7 1
Ephemeris decorrelation parameter DbJPNotes 1,3 8 OCMOHT p3mPn mn b p P&mim b

For N measurement blocks:

Ranging source ID 8 1¢255 1
Pseuderange correction (PRE} 16 +327.67 m 0.01m
Range rate correction (RRIC 16 +32.767 m/s 0.001 m/s

Sigma_PR_gnd_Dy(gna 0 (Note 2) 8 0¢5.08 m 0.02m
Sigma_PR_gnd_30y( gnd_39 (Note 2) 8 0¢5.08 m 0.02m
Notes:
1. For SBAS satellites, the parameter is set to all

zeros.

2. 1111 1111 indicates the source is invalid.
Parameter is associated with the first transmiti
measurement block.
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Table B71A. Type 2 GBASBlated data message
Data content Bits used Range of values Resolution

GBAS reference receivers 2 2t04 T
Ground accuracy designator letter 2 T
Spare 1 T T
GBAS continuity/integrity designator 3 Oto7 1
Local magnetic variation 11 +180° 0.25°
Reserved and set to zero (00000) 5 T T
T@PSNI A2y2 3ANIF RASY 8 0t0 25.5 x 16 m/m 0.1 x 18 m/m
Refractivity index 8 16 to 781 3
Scale height 8 0to 25500 m 100 m
Refractivity uncertainty 8 0to 255 1
Latitude 32 +90.0° 0.0005 arcsec
Longitude 32 +180.0° 0.0005 arcsec
GBAS reference point height 24 +83 886.07 m 0.01m
Additional data block 1 (if provided) Reference
station data selector 8 Oto 48 1
Maximum use distance () 8 210510 km 2 km
Kmd e POS,GPS 8 0to 12.75 0.05
Kmd e,GPS 8 0to 12.75 0.05
Kmd e POS,GLONASS 8 0to 12.75 0.05
Kmd e,GLONASS 8 0to 12.75 0.05
Additional data blocks (repeated for all provided)
Additional data block length
8 2to 255 1
Additional data block number 8 2 to 255 1
Additional data parameters Variable T T
Compliance Note: Multiple additional
data block s may be appended to a Type 2 message.
Table B71B. Type 3 null message
Data content Bits used Range of values Resolution
Filler Variable (Note) N/A N/A

Compliance NoteThe number of bytes in the filler field is 10 less than the message length field in the
message header as defined in section 3.6.3.4.
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Table B72. Type 4 FAS data message

Data content Bits used Range of values Resolution
For N data sets 8
Data set length 210212 1 byte
FAS data block 304 T T
FAS vertical alert limit/approach status 8
(1) when associated approach 0t050.8m 0.2m
performance designator (APD) is coded a
0
(2) when associated approach 0to25.4m 0.1m
performance designator(APD) is not
coded as 0
FAS lateral alert limit/approach status 8 0t050.8 m 0.2m
Table B73. Type 5 prected ranging source availability message
Data content Bits used Range of values Resolution
Modified Zcount 14 0t01199.9s 0.1s
Spare 2 T T
Number of impacted sources (N) 8 Oto 31 1
For N impacted sources  Ranging
source ID 8 1to 255 1
Source availability sense 1 T T
Source availability duration 7 0to1270s 10s
Number of obstructed approaches (A) 8 0to 255 1
For A obstructed approaches Reference
path data selector Oto 48 T
Number of impacted sources for this  appro: 8 1to 31 1
(Na)
For N impacted ranging sources for this approat
Ranging source ID
8 1to 255 1
Source availability sense 1 T T
Source availability duration 7 0to1270s 10s
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3.6.7 NopAircraft Elements
3.6.7.1 Performance

3.6.7.1.1 Accuracy

3.6.7.1.1.1 The roeheansquare (RMS) (1 sigma) of the ground subsystem contribution to the
corrected 106second smoothed pseud@nge accuracy for GPS and GLONASS satellites
mustbe:

(ag + a;e /%02
RMS,; zna < j = ~+ (a,)?

where

M = the number of GNSS reference receivers,naicated in the Type 2 message
LI N} YSGSNI 6odcdndo0E 2NE oKSy (GKA& LI NFXYSQOS
the value of M is defined as 1;

n = n"ranging source;

n =elevation angle for the'franging source; and

a, a, @~ | R ‘parameters defined in Tables-/® and B75 for each of the
defined ground accuracy designators (GADS).

CompliancéNote 1.The GBAS ground subsystem accuracy requirement is determined by
the GAD letter and the number of reference receivers.

Compliane Note 2.The ground subsystem contribution to the corrected-4€€ond

smoothed pseudoange error specified by the curves defined in Tablé$ &d B75 and
the contribution to the SBAS satellites do not include aircraft noise and aircraft multipath.

Table B74. GBA$ GPS accuracy requirement parameters

Ground accuracy Yy a0 al ‘n &

designator letter (degrees) (metres) (metres) (degrees) (metres)
A X p 0.5 1.65 14.3 0.08
B X p 0.16 1.07 155 0.08
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C > 35 0.15 0.84 155 0.04
5t0 35 0.24 0 T 0.04

Table B75. G ASt GLON ASS accuracy requiremen :parameters

Ground accuracy Yy a0 al ‘n a2
designator letter (degrees) (metres) (metres) (degrees) (metres)
A X P 1.58 5.18 14.3 0.078
B X p 0.3 2.12 15.5 0.078
C >35 0.3 1.68 155 0.042
5t0 35 0.48 0 T 0.042

3.6.7.1.1.2 The RMS of the ground subsystem contribution to the correctedet®@d smoothed
pseudaerange accuracy for SBAS satellirasst be:

r_gnd = —_ (IHE'U'E'S)
’ vM

where M is as defined in 3.6.7.1.1.1.

RMS

Compliance NoteGAD classifications for SBAS ranging sources are under development.

3.6.7.1.2 Integrity
3.6.7.1.2.1 GBAS ground subsystem integrity risk
3.6.7.1.2.1.1 Ground subsystem integrity risk for GBAS approach services

3.6.7.1.2.1.1.1 Ground subsystem sigriakspace integrity risk for GBAS approach service types A, B or
C For a GBAS ground subsystem classified as FAST A, B or C, the integtis biskess
than 1.5 x 16 per approach.

ComplianceNote 1.The integrity risk assigned to the GBAS ground subsystem is a subset
of the GBAS signat-space integrity risk, where the protection level integrity risk
(3.6.7.1.2.2.1) has been excluded @mg effects of all other GBAS, SBAS and core satellite
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constellations failures are included. The GBAS ground subsystem integrity risk includes the
integrity risk of satellite signal monitoring required in 3.6.7.3.3.

ComplianceNote 2.GBAS signah-space integrity risk is defined as the probability that

the ground subsystem provides information which when processed by afrésult
receiver, using any GBAS data that could be used by the aircraft in the service volume,
results in an oubf-tolerance lakral or vertical relative position error without
annunciation for a period longer than the maximum signadpace timeto-alert. An out
of-tolerance lateral or vertical relative position error is defined as an error that exceeds
the GBAS approach servigestection level and, if additional data block 1 is broadcast,
the ephemeris error position bound.

3.6.7.1.2.1.1.2 Ground subsystem sign@lspace integrity risk for GBAS approach service typgeoba

GBAS ground subsystem classified as FAST D, the integrity risk for all effects other than
errors induced by anomalous ionospheric conditionsst be less than 1.5 x $Oper
approach.

ComplianceNote 1.The integrity risk assigned to théB&S ground subsystem classified

as FAST D is a subset of the GBAS sigaphce integrity risk, where the protection level
integrity risk (3.6.7.1.2.2.1) has been excluded and the effects of all other GBAS, SBAS and
core satellite constellations failurese included.

ComplianceNote 2.For GAST D, the GBAS sigmabace integrity risk is defined as the
probability that the ground subsystem provides information which when processed by a
fault-free receiver, using any GBAS data that could be us#ukelsgircraft in the service
volume, in the absence of an ionospheric anomaly, results in aof-toierance lateral

or vertical relative position error without annunciation, for a period longer than the
maximum signaln-space timeo-alert. An outof-tolerance lateral or vertical relative
position error is defined as an error that exceeds the GBAS approach services protection
level and the ephemeris error position bound. For GAST f-talerance conditions
caused by anomalous ionospheric errors ardugled from this integrity risk as the risk
due to ionospheric anomalies has been allocated to and is mitigated by the airborne
segment.

3.6.7.1.2.1.1.3 Ground subsystem integrity risk for GASTF& a GBAS ground subsystem classified as

FAST D, the probability that the ground subsystem internally generates and transmits
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non-compliant information for longer than 1.5 seconaisistbe less than 1 x £0in any
one landing.

ComplianceNote 1.This additional integrity risk requirement assigned to FAST D GBAS
ground subsystems is defined in terms of the probability that internal ground subsystem
faults generate nortompliant information. Nortompliant information in this context is
definedin terms of the intended function of the ground subsystem to support landing
operations in Category Ill minima. For example,-ocompliant information includes any
broadcast signal or broadcast information that is not monitored in accordance with the
standard.

CompliancéNote 2.Environmental conditions (anomalous ionosphere, troposphere, radio
frequency interference, GNSS signal multipath, etc.) are not considered faults; however,
faults in ground subsystem equipment, used to monitor for or mitigeestfects of these
environmental conditions, are included in this requirement. Similarly, the core satellite
constellation ranging source faults are excluded from this requirement; however, the
IANRdzyR ddzo0a@aiSyQa OI L) o A forithiese rafigihg doiMd@9dsA R S
included. Monitoring requirements for ranging source faults and ionosphere
environmental conditions are separately specified in 3.6.7.3.3.2, 3.6.7.3.3.3 and 3.6.7.3.4.

ComplianceNote 3.Faults that occur in ground receigeused to generate the broadcast
corrections are excluded from this requirement if they occur in any one, and only one,
ground receiver at any time. Such faults are constrained by the requirement in
3.6.7.1.2.2.1.2 and the associated integrity risk rezpents in 3.6.7.1.2.2.1 and
3.6.7.1.2.2.1.1.

3.6.7.1.2.1.2 Ground subsystem tira@-alert for GBAS approach services

3.6.7.1.2.1.2.1 Maximum timeto-alert for approach services

3.6.7.1.2.1.2.1.1  For a ground segment classified as FAST A, B, C or D, the GBAS ground subsyste
maximum timetealert must be less than or equal to 3 seconds for all signapace

integrity requirements (see Appendix B, 3.6.7.1.2.1.1.1, 3.@11.2, 3.6.7.1.2.2.1)
when Type 1 messages are broadcast.
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ComplianceNote 1.The ground subsystem tinte-alert above is the time between the
onset of the out of tolerance lateral or vertical relative position error and the transmission
of the last lit of the message that contains the integrity data that reflects the condition
(see Attachment D, 7.5.14).

CompliancéNote 2 For FAST D ground subsystems, additional range domain monitoring
requirements apply as defined in section 3.6.7.3.3.2, 3.8.3. and 3.6.7.3.4. In these
sections, time limits are defined for the ground system to detect and alert the airborne
receiver of oubf-tolerance differential pseudmange errors.

3.6.7.1.2.1.2.1.2 For a ground segment classified as FAST A, tBegfeBAd subsystem maximum

signalin-space timeto-alert must be less than or equal to 5.5 seconds when Type 101
messages are broadcast.

3.6.7.1.2.1.3 Ground subsystem FASLAL and FASVAL

3.6.7.1.21.3.1

3.6.7.1.21.2

For message Type 4 FAS data blocks with APD coded as 1, 2, 3 or 4, the value FASLAL
for each FAS block, as defined in the FAS lateral alert limit field of the Type 4 message
mustbe no greater than 40 metres, and the value FASVi#daith FAS block, as defined
in the FAS vertical alert limit field of the Type 4 messagsest be no greater than 10
metres.

For message Type 4 FAS data blocks with APD coded as zero, the value FASLAL and FASVAL
mustbe no greater than the lateral and vertical alert limits givethis NAM-CATSATEL
, Subpart 171.05,13.7.2.4 for the intended operational use.

3.6.7.1.2.1.4 Ground subsystem signigl-space integrity risk for GBAS positioning serniae GBAS

ground subsystem that provides the GBAS positioning service, integritpuisibe less
than 9.9 x 1€ per hour.

CompliancéNote 1.The integrity risk assigned to the GBAS ground subsystem is a subset
of the GBAS signal -gpace integrity riskwhere the protection level integrity risk
(3.6.7.1.2.2.2) has been excluded and the effects of all other GBAS, SBAS and core satellite
constellations failures are included. The GBAS ground subsystem integrity risk includes the
integrity risk of satellitesignal monitoring required in 3.6.7.3.3 .

305



/F
NCAA

NAMIBLA CIVIL AVIATION AUTHORITY

TECHNICAL STANDARDS

NamibiaCivil AviationAuthority - (NAMCATS)
Safety Division

Part171 ATELc Volume 1

ComplianceNote 2.GBAS signah-space integrity risk is defined as the probability that
the ground subsystem provides information which when processed by afrésult
receiver, using any GBAS data that couddused by the aircraft, results in an enft
tolerance horizontal relative position error without annunciation for a period longer than
the maximum timetoalert. An outof-tolerance horizontal relative position error is
defined as an error that exceeds hdhe horizontal protection level and the horizontal
ephemeris error position bound.

3.6.7.1.2.1.4.1 Timeto-alert for GBAS positioning servidége GBAS ground subsystem maximum-ime

3.6.7.1.2.2

3.6.7.1.22.1

to-alertmustbe less than or equal to 3 seconds when Type 1 messages are broadcast and
less than or equal to 5.5 seconds when Type 101 messages are broadcast.

Compliance NoteThe timeto-alert above is the time between the onset of the-ofit
tolerance horiantal relative position error and the transmission of the last bit of the
message that contains the integrity data that reflects the condition.

Protection level integrity risk

For a GBAS ground subsystem that provides GBAS approach services, the protection leve
integrity riskmustbe less than 5 x #®per approach.

Compliance Notd=or approach services, the protection level integrity risk isthgrity

risk due to undetected errors in the 100second smoothed position solution relative to the
GBAS reference point greater than the associated protection levels under the two
following conditions:

a) normal measurement conditions defined in 3.6 5.5 with y and D set to zero;
and
b) faulted measurement conditions defined in 3.6.5.5.1.2 withridl D set to zero.

Compliance Note: The ground subsystem bounding of the 5@@ond smoothed GAST
D position solution will ensure that the 30 sotfted GAST D position solution is bounded.
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3.6.7.1.2.2.1.1 Additional bounding requirements for FAST D ground subsysteidsSer (Used in
computing the protection level VRI) I y (®sed in computing the protection level
LPLo) for GAST D formed, based on the broadcast parameters (defined in 3.6.5.5.1.1.1)
and excluding the airborne contributiomust satisfy the condition that a normal
distribution with zero mean and a stand&r RS @A I (i A 2f YR bdinds thé 2
vertical and lateral error distributions of the combined differential correction errors as

follows:
oo / v v
jfu (x)dx < Q] = ‘ forall ==0 and
- VO 8]
[ £,(x)dx < Qj' ¥ | forall 2 >0
i .G c
where

fa(x) = probability density function of the differential vertical or lateral position error
excluding the airborne contribution, and

oo t
Qx) = «fi_n;[e_ 24t
¢ K Senni(used in computing the protection level VRL | pfdR(used in computing
the protection level LRL) for GAST D formed, based on the broadcast parameters
(defined in 3.6.5.5.1.2) and excluding the airborne contributioryst bound the
combined differential correction errors (as defined above) formed by all possible subsets
with one reference receiverxeluded.

ComplianceNote 1.The airborne contribution is addressed in 3.6.8.3.2.1 in combination
with the use of the standard airborne multipath model defined in 3.6.5.5.1.1.2.

ComplianceNote 2The combined differential correction errors refer to codeier
smoothed correatins based on 108econd smoothing time constant.
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3.6.7.1.2.2.1.2

3.6.7.1.2.2.2

3.6.7.1.3

3.6.7.1.3.1 Continuity of service for approach servicdse GBAS ground subsystem continuity of service

For a GBAS ground subsystem classified as FAST D, the rate of faulted measurement

from any one, and only one, reference receiveust be less than 1 x ¥ per 150

seconds.

Compliance Notdzaulted measurements can occrarh faults within the receiver or from
environmental conditions unique to a single reference receiver location.

Compliance NoteThe GBAS positioning service protection level integrity risk is the
integrity risk due to undetected errors in the horizontal position relative to the GBAS
reference point greater than the GBAS positioning service protection level under the two

following conditions:

For a GBAS ground subsystem that provides the positioning service, protection level
integrity riskmustbe less than 19 per hour.

a) normal measurement conditions defined in 3.6.5.5.2.1; and

b) faulted measurement conditions defined in 3.6.5.5.2.2.

Continuity of service

mustbe greater than or equal t0 4 8.0 x 1&° per 15 seconds.

Compliance NoteThe GBAS ground subsystem continuity of service is the average

probability per 15second period that the VHF ddieoadcast transmits data in tolerance,

VHF data broadcast field strength is within the specified range and the protection levels
are lower than the alert limits, including configuration changes that occur due to the space

segment.This continuity of sere® requirement is the entire allocation of the sigimal
space continuity requirement from Chapter 3, Table 3.712ahd therefore all continuity

risks included in that requirement must be accounted for by the ground subsystem

provider.
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3.6.7.1.3.2 Additional continuity of service requirements for FASTHe probability of a GBAS ground

3.6.7.1.3.3

subsystem failure or false alert, excluding ranging source monitoring, causing an
unscheduled interruption of service for a period equal to or greater than 1.5nsksco
mustnot exceed 2.0 x 20during any 15 second interval. The probability that the ground
subsystem excludes any individual fafite ranging source from the Type 1 or Type 11
corrections due to a false detection by the ground integrity monitoustnot exceed 2.0

x 1¢ "during any 15 second interval.

ComplianceNote 1.Loss of service includes failures resulting in loss of the VHF data
broadcast, failure to meet the VHF data broadcast field strength, failures resulting in
transmission of oubf-tolerance VHF broadcast data, and alert due to an integrity failure.
Guidane material on the potential causes of loss of service and monitor false detections
are contained in Attachment D, 7.6.2.1.

ComplianceNote 2. Continuity for FAST D is defined as the probability that the ground
subsystem continues to provide the sesgicassociated with the intended ground
subsystem functions. Total aircraft continuity of navigation system performance in the
position domain must be evaluated in the context of a specific satellite geometry and
aeroplane integration. Evaluation of positiclomain navigation service continuity is the
responsibility of the airborne user for GAST D. Additional information regarding continuity
is given in Attachment D, 7.6.2.1.

Continuity of service for positioning service

CompliancéNote:For GBAS ground subsystems that provide the GBAS positioning service,
there may be additional continuity requirements depending on the intended operations.

3.6.7.2 Functional Requirements

3.6.7.2.1 General

3.6.7.21.1

3.6.7.21.1.1

Data broadcast requirements.

A GBAS ground subsystenst broadcast message types as defined in TabkoB
according to the service types supported by the ground subsystem.
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3.6.7.2.1.1.2 Each GBAS ground sstbsymustbroadcast Type 2 messages with additional data blocks
as required to support the intended operations.

Compliance NoteGuidance material concerning usage of the Type 2 message additional
data blocks is provided in Attachment D, 7.17.

3.6.7.2.1.1.3 Each GBAS ground subsystem which supports GBAS approach service type (GAST) B, C
D mustbroadcast FAS blocksType 4 messages for these approaches. If a GBAS ground
subsystem supports any approach using GAST A or B and does not broadcast FAS blocks
for the corresponding approaches hitust broadcast additional data block 1 in the Type
2 message.

Compiance NoteFAS blocks for APV procedures may be held within a database on board
the aircraft. Broadcasting additional data block 1 allows the airborne receiver to select
the GBAS ground subsystem that supports the approach procedures in the airborne
database. FAS blocks may also be broadcast to support operations by aircraft without an
airborne database. These procedures use different channel numbers as described in
Attachment D, 7.7.

3.6.7.2.1.1.4 When the Type 5 message is used, the ground subsyst&rhroadcast the Type 5
message at a rate in accordance with TablgB

Compliance NotaVhen the standard 5 degree mask is not adequate to describe satellite

visibility at either the ground subsystem antennas or at an aircraft during a specific

approach, the Type 5 message may be used to broadcast additional information to the
aircraft.

3.6.7.2.1.1.5 Data broadcast rated-or all message types required to be broast, messages meeting
the field strength requirements of Chapter 3, 3.7.3.5.4.4.1.2 and 3.7.3.5.4.4.2.2 and the
minimum rates shown in Table ® mustbe provided at every point within the service
volume. The total message broadcast rates from atemma systems of the ground
subsystem combinethustnot exceed the maximum rates shown in Tablé®B

Compliance NoteGuidance material concerning the use of multiple antenna systems is
provided in Attachment D, 7.12.4.
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3.6.7.2.1.2 Message block identifieFhe MBmustbe set to either normal or test according to the coding

givenin 3.6.3.4.1.

Table B75A. GBAS message types for supported service types

Message type

GAST A Note 1

GAST R Note 1

GAST GNote 1

GAST @ Note 1

MT 1 Optionalg Note 2 Required Required Required
MT 2 Required Required Required Required
MT2ADB 1 Optionalg Note 3 Optionalg Note 3 Optionalg Note 3 Required
MT2-ADB 2 Optionalg Note 4 Optionalg Note 4 Optionalg Note 4 Optional
MT2-ADB 3 Not used Not used Not used Required
MT2-ADB 4 Recommended Recommended Recommended Required
MT3-Note 5 Recommended Recommended Recommended Required
MT 4 Optional Required Required Required
MT 5 Optional Optional Optional Optional
MT11¢ Note 6 Not used Not used Not used Required
MT 101 Optionalg Note 2 Not allowed Not allowed Not allowed

Note 11 Definition of terms:
A Required: Message needs to be transmitted when supporting the service type;
A Optional: Message transmission is optional when supporting the service type (not used by some or all airborne

subsystems);

A Recommended: Use of theessage is optional, but recommended, when supporting the service type;
A Not used: Message is not used by airborne subsystems for this service type;

A Not allowed: Message transmission is not allowed when supporting the service type.

Note 21 Ground subsystems supporting GAST A service types may broadcast Type 1 or 101 Messages, but not both. Guids
concerning usage of the Type 101 mesdag®ovided in Attachment D, 7.18.

Note 31 MT2-ADBL is required if positioning service is

offered. Note 4 MT2-ADB?2 is required if GRAS service is

offered.

Note 51 MT3 is recommended (GAST A, B, C) or required{§ASDe used only in order to mestbt occupancy requirements il

3.6.7.4.1.3.

Note 61 Guidance material concerning usage of the Type 11 message is provided in Attachment D, 7.20.

Table B76. GBAS VHF data broadcast rates

Message type

Minimum broadcast rate

Maximum broadcast rate
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1o0r101 For each measurement type: For each measurement type:
All measurement blocks once per frame (Note) All measurement blocks once per slot
2 Once per 20 consecutive frames Once per frame (except as stated in 3.6.7.4.1.2)
3 Rate depends on message length and scheduling of otheOnce per slot and eight times per frame

messages (see section 3.6.7.4.1.3)

4 All FAS blocks once per 20 consecutive frames All FAS blocks once per frame
5 All impacted sources once per 20 consecutive frames  All impacted sources once per 5 consecutive fram
11

For each measurement type: For each measurement type:

All measurement blocks once per frame (see Note) All measurement blocks once per slot

Compliance Note: One Type 1, Type 11 or Type 101 message or two Type 1, Type 11 or Type 101 messages that are link
additional message flag described in 3.6.4.2, 3.6.4.10.3 or 3.6.4.11.3.

3.6.7.2.1.3 VDB authentication

3.6.7.2.1.3.1 Recommendatiort All GBAS ground subsystemay support VDB authentication (see
3.6.7.4).

3.6.7.2.1.3.2 All ground subsystems classified as FAS$tBupport VDB authentication (see 3.6.7.4).

3.6.7.2.2 Pseudoange corrections

3.6.7.2.2.1 Message latencyThe time between the time indicated by the modifiedalint and the last
bit of the broadcast Type 1, Type 11 or Type 101 messagenot exceed 0.5 seconds.

3.6.7.2.2.2 Lowfrequency dataExcepduring an ephemeris change, the first ranging source in the Type

1, Type 11 or Type 101 messagest sequence so thathe low-frequency data (as

defined in 3.6.4.2.1 for Type 1 message, 3.6.4.11.1 for Type 11 message and 3.6.4.10.1

for Type 101 messagef 2 NJ S| OK O2NB alaSttAGS Oz2ya

transmitted at least once every 10 seconds. During an ephenfaaige, the first ranging

source must sequence so thatthe low-frequency datafor each core satellite

O2yaidSttladAz2yQa NI y3IAy3d a2 d2NEeSonds.NBendeMd y &
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ephemeris data are received from a core satellite constefada NJ yIAy I &2 dzND S>3
ground subsystenmust use the previous ephemeris data from each satellite until the
new ephemeris data have been continuously received for at least 2 minutesbsit

make a transition to the new ephemeris data before Jimés have passed. When this
transition is made to using the new ephemeris data for a given ranging source, the ground
subsystemmust broadcast the new ephemeris CRC and associatedfrenyuency
information, notably P and for all occurrences of tharanging source in the
lowfrequency information of Type 1, Type 11 or Type 101 message in the next 3
consecutive frames. For a given ranging source, the ground subsgsiistcontinue to
transmit data corresponding to the previous ephemeris datal tind new CRC ephemeris

is transmitted in the lowfrequency data of Type 1, Type 11 or Type 101 message (see
Note). If the ephemeris CRC changes and the IOD does not, the ground subsysiem
consider the ranging source invalid.

Compliance Ne: The delay before the ephemeris transition allow sufficient time for the
aircraft subsystem to collect new ephemeris data.

3.6.7.2.2.2.1 The ephemeris decorrelation parameter and the ephemeris CRC for each core satellite
O2yadasStftl A2 ymaybe idadéBtlayf@quanydeNiosSible.

3.6.7.2.2.3 Broadcast pseudoange correction Each broadcast pseudlange correctionmust be
determined by combining the pseudange correction estimates for the relevant ranging
source calculated from each of the reference receivers. For each satellite, the
measurements used in this combinatiomust be obtained from the samephemeris
data. The correctionsiustbe based on smoothed code pseudmge measurements for
each satellite using the carrier measurement from a smoothing filter and the approach
service type specific smoothing parameters in accordance with Appendiedion
3.6.5.1.

3.6.7.2.2.4 Broadcast signaih-space integrity parametersS'he ground subsystemust LINE @A g S
and B parameters for each pseudange correction in Type 1 message such that the
protection level integrity risk requiremestdefined in 3.6.7.1.2.2 for GAST A, B, and C are
satisfied. At least two B values that are not using the special coding (as defined in section
3.6.4.2.4)mustbe provided with each pseud@nge correction. The ground subsystem
mustLINE @ A fu&hd, if necessary, B parameters for each psetasthme correction in
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Type 101 message such that the protection level integrity risk requirements defined in
3.6.7.1.2.2 are satisfied.

Compliance Not&roadcast of the B parameterseaoptional for Type 101 messages.
Guidance material regarding the B parameters in Type 101 messages is contained in
Attachment D, 7.5.11.

3.6.7.2.2.4.1 Broadcast signah-space integrity parameters for FAST D ground subsys@®nosind
subsystems tat support GAST mustprovide Sigma_PR_gnd_D in the Type 11 message
and B parameters for each pseudange correction in the Type 1 message, such that the
protection level integrity risk requirement defined in 3.6.7.1.2.2.1 is satisfied.

3.6.7.2.20n ®H C2NJ C!{¢ 5 aedaisSvya ,qhRchbdedns @valk jithe i KS
Type 1 message, then the Sigma_PR_gnd_D for the associated satellite in the Type 11
messageanustalso be coded as invalid.

3.6.7.2.2.5 Reference receiver measurementsay be monitored. Faulted measurements or failed
reference receivermaynot be used to compute the pseudange corrections.

3.6.7.2.2.6 Repeated transmission of Type 1, Type 2, Type 11 or Type 101 meEsagegiven
measurement type and within a given frame, all broadcasts of Type 1, Type 2, Type 11 or
Type 101 messages or linked pairs from all GBAS broadcast stations that share acommo
GBAS identificationmusthave identical data content.

3.6.7.2.2.7 Issue of dataThe GBAS ground subsystemist set the 10D field in each ranging source
measurement block to be the IOD value received from the ranging source that

corresponds to the ephemeris data used to compute the psenaghge correction.

3.6.7.2.2.8 Application of signal error modelbnogpheric and tropospheric correctiomaust not be applied to
the pseuderanges used to calculate the pseudinge corrections.

3.6.7.2.2.9 Linked pair of Type 1, Type 11 or Type 101 messthgebnked pair of Type 1, Type 11 or Type 101
messags is transmitted then,

a) the two messagemusthave the same modified-@unt;

314



/)V
NCAA

NAMIBIA CIVIL AVIATION AUTHORITY

TECHNICAL STANDARDS

NamibiaCivil AviationAuthority - (NAMCATS)
Safety Division

Part171 ATELc Volume 1

b)

<)

d)

e)

f)

9)

h)

the minimum number of pseudoange corrections in each messagestbe one;

the measurement block for a given satelliteistnot be broadcast more than once in a linked
pair of messages;

the two messagemustbe broadcast in different time slots;
the order of the B values in the two messagasstbe the same;

for a particular measurement type, the number of measurements andfteguency data
mustbe computed separately for each of the two individual messages;

in the case of FAST \Bhen a pair of linked Type 1 messages are transmitted, therstalso
be a linked pair of Type 11 messages; and

if linked message types of Type 1 or Type 11 are used, the satellitgbe divided into the
same sets and order in both Typadd Type 11 messages.

Compliance Notd@ype 1 messages may include additional satellites not available in Type 11
messages, but the relative order of those satellites available in both messages is the same in Type
1 and Type 11 messages. Airboprecessing is not possible for satellites included in the Type 11
message, but also not included in the associated Type 1 message.

3.6.7.2.2.9.1 Linked messaganayonly be used when there are more pseuddmge corrections to transmit than
will fit in one Type 1 message.

3.6.7.2.2.10 Modified £ount requirements

3.6.7.2.2.10.1 Modified Zcount update.The modified Zount for Type 1, Type 11 or Type 101 messages of a

given measurement typmustadvance every frame.

3.6.7.2.2.10.2 If message Type 11 is broadcast, the associated Type 1 and Type 11 masthges

the same modified £ount.

3.6.7.2.2.11 Ephemeris decorrelation parameters
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3.6.7.2.211.1

3.6.7.2.2.11.2

3.6.7.2.2.11.3

Ephemeris decorrelation parameter for approach serviges.ground subsystems that
broadcast the additional data block 1 in the Type 2 message, the ground subsyatm
broadcast the ephemeris decorrelation parameter in the Type 1 message for each core
satellite constellation ranging source such that gp@und subsystem integrity risk of
3.6.7.1.2.1.1.1 is met.

Ephemeris decorrelation parameter for GASGBund subsystems classified as FAST D
mustbroadcast the ephemeris decorrelation parameter in the Type 11 message for each
core satellite constellation ranging source such that the ground subsystem -gignal
space integrity risk of 3.6.7.1.2.1.1.2 is met.

GBAS positioning serviceor ground subsystems that provide the GBAS positioning
service, the groundubsystemmustbroadcast the ephemeris decorrelation parameter

Ay GKS ¢eL)S m YSaalrasS F2N SIOK O2NB al as
ground subsystem signdal-space integrity risk of 3.6.7.1.2.1.4 is met.

3.6.7.2.3 GBARIlated data

3.6.7.2.3.1 Tropospheric delay parameterBhe ground subsystemustbroadcast a refractivity index,

scale height, and refractivity uncertainty in a Type 2 message such that the protection
level integrity risk reginements defined in 3.6.7.1.2.2 are satisfied.

3.6.7.2.3.2 GCID indication

3.6.7.2.3.2.1 GCID indication for FAST A, B adif @e ground subsystem meets the requirements of

3.6.7.1.21.1.1, 3.6.7.1.2.2.1, 3.6.7.1.3.1, 3.6.7.3.2 and 3.8.7.3ut not all of
3.6.7.1.21.1.2,3.6.7.1.2.1.1.3,3.6.7.1.2.2.1.1, and 3.6.7.1.3.2 thex@Sibe set to 1,
otherwise itmustbe set to 7.

Compliance NotéSome of the requirements applicable to FAST D are redundant with the
cCl{¢ !'T . FtYR / NBIAANBYSylad ¢KS LIKNI a¢
ground subsystem may meet some of the requirements applicable to FAST D but not all of
them. Therefee, in that condition, the GCID would be set to 1, indicating that the ground
subsystem meets only FAST A, B or C.
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3.6.7.2.3.2.2 GCID indication for FASTIDthe ground subsystem meets the requirements of
3.6.7.1.21.1.1, 3.6.7.1.21.1.2, 3.6.7.1.2.3, 3.6.7.1.2.2.1.1, 3.6.7.1.2.2.1,
3.6.7.1.3.1, 3.6.7.1.3.2, 3.6.7.3.2 and 3.6.7.3.3, the Wl be set to 2,
otherwise itmustbe set in accordance with 3.6.7.2.3.2.1.

3.6.7.2.3.2.3 GCID values of 3 and 4 are reserved for future service typasstimbt be
used.

3.6.7.2.3.3 GBAS reference antenna phase centre position accuracyach GBAS reference
receiver, the reference antenna phase centre positoror mustbe less than 8
cm relative to the GBAS reference point.

3.6.7.2.3.4 GBAS reference point survey accuracy. The survey error of the GBAS reference point,
relative to WG®4, maybe less than 0.25 m vertical and 1 m horizontal.

Compliance NoteRelevant guidance material is given in Attachment D, 7.16.

3.6.7.2.3.5 lonospheric uncertainty estimate parameter

3.6.7.2.3.5.1 lonospheric uncertaintgstimate parameter for all ground subsysterise
ground subsystenmust broadcast an ionospheric delay gradient parameter in
the Type 2 message such that the protection level integrity risk requirements
defined in 3.6.7.1.2.2 are satisfied.

3.6.7.23.5.2 lonospheric uncertainty estimate parameter for FAST D ground subsy3$tens.
ground subsystenmust broadcast an ionospheric delay gradient parameter in
the Type 2 message, additional data block 3, such that the protection level
integrity risk requirements defined in 3.6.7.1.2.2 are satisfied.

Compliance NoteGuidance material concerning FA3position domain error

bounding for ionospheric errors may be found in Attachment D, 7.5.6.1.3 and
7.5.6.1.4.
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3.6.7.2.3.6  For ground subsystems that provide the GBAS positioning service, the ground
subsystemmustbroadcast the ephemeris erroogition bound parameters using
additional data block 1 in the Type 2 message.

3.6.7.2.3.7 All ground subsystemmay broadcast the ephemeris error position bound
parameters using additional data block 1 in the Type 2 message

3.6.7.2.3.8 For ground subsystems that broadcast additional data block 1 in the Type 2 message, the
following requirementsnustapply:

3.6.7.2.3.8.1 Maximum use distancel'he ground subsystemust provide the maximum use distance
(Dmay. When the positioning service is provided the ground subsystem integrity risk in
3.6.7.1.2.1.4 and the protection level integrity risk in 3.6.7.1.2118tbe met within Dyax
When approach service is provided, the maximum use distames at least encompass
all approach service volumes supported.

3.6.7.2.3.8.2 Ephemeris missed detection parameteitie ground subsystemmust broadcast the
ephemeris missed detection parameters for each core satellite constellation such that
the grourd subsystem integrity risk of 3.6.7.1.2.1 is met.

3.6.7.2.3.8.3 GBAS positioning service indicatidh the ground subsystem does not meet the
requirements of 3.6.7.1.2.1.4 and 3.6.7.1.2.2.2, the ground subsysteist indicate
using the RSDS paaneter that the GBAS positioning service is not provided.

3.6.7.2.3.9 If the VHF data broadcast is transmitted at more than one frequency within the GRAS service
area, each GBAS broadcast station within the GRAS ground subsystrroadcast
additional data blocks 1 and 2.

3.6.7.2.3.9.1 The VHF data broadcastayinclude additional data block 2 parameters to identify channel
numbers and locations of adjacent and nearby GBAS broadcast stations witliRHhS
ground subsystem.

Compliance Notefhis facilitates the transition from one GBAS broadcast station to other
GBAS broadcast stations in the GRAS ground subsystem.

3.6.7.2.4 Final approach segment data
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3.6.7.2.4.1 FAS data points accuracVhe relative survey error between the FAS data
points and the GBAS reference pomust be less than 0.25 metres vertical and 0.40
metres horizontal.

3.6.7.2.4.2 The final approach segment CR@ybe assigned at the time of procedure design, and kept
as an integral part of the FAS data block from that time onward.

3.6.7.2.4.3 The GBA®ayallow the capability to set the FASVAL and FASLAL for any FAS data block to
Gvvwmmwmvmeg G2 fAYAG GKS FLILNBFOK G2 €1 GSNI
not be used, respectively.

3.6.7.2.4.4 LTP/FTP for FASTEbr an approach that supports GAST D, the LTP/FTP point in
the corresponding FAS definitiomustbe locded at the intersection of the runway centre
line and the landing threshold.

Compliance Note Airborne systems may compute the distance to the landing
threshold using the LTP/FTP. For GAST D approaches, the LTP/FTP is to be at the
threshold so that these distante-go computations reliably reflect the distance to the
threshold.

3.6.7.2.4.5 FPAP location for FASTH2r an approach that supports GAST D, the FPAP point
in the corresponding FAS definitionust be located on the extended runway centre

fAYS YR GKS n[ SwudliekodedTokarrScily inditentde sfod and NJ
of the runway.

3.6.7.2.5 Predicted ranging source availability data

Compliance NoteéRanging source availability data are optional for FAST A, B, C or D ground subsystems and
may be required for possible future operations.

3.6.7.2.6 General functional requirements on augmentation
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3.6.7.2.6.1 GBAS ground subsystems classified as FAST C or mag$prbvide augmentation based on
GPS at a minimum.

3.6.7.2.6.2 Ground subsystems classified as FABiRybe able to process and broadcast corrections for at
least 12 satellites of each core constellation for which differential corrections are provided.

3.6.7.2.6.3 Ground subsystems classified as FABUstbe able to process and broadcast differential
corrections for at least 12 satellites of one core constellation.

Compliance Notefechnical validation has only been completed for GAST D when applied to GPS.

3.6.7.2.64 Whenever possible, differential corrections for all visible satellites with an elevation greater
than 5 degrees above the local horizontal plane tangent to the ellipsoid at the ground subsystem
reference locatioomaybe provided for each core constellation for which augmentation is provided.

Compliance Note¢ KS LIKN} aS G oKSYSOSNI LI2aaArotSé Ay GKAA
requirement in these SARPs (e.g. 3.6.7.3.3.1) does not preclude prowdiegeatial correction for a
particular satellite.

3.6.7.3 Monitoring
3.6.7.3.1 RF monitoring

3.6.7.3.1.1 VHF data broadcast monitoringihe data broadcast transmissiomsist be monitored. The
transmission of the datamust cease within 0.5 seconds in case of continuous
disagreement during any-8econd period between the transmitted application data and
the application data derived or stored by the monitoring system pigotransmission.
For FAST D ground subsystems, the transmissiogpE 11 messagemustcease within
0.5 seconds in case of continuous disagreement during aaggcdnd period between the
transmitted application data and the application data derieedtored by the monitoring
system prior to transmission.

Compliance Notefor ground subsystems that support authentication, ceasing the
transmission of data means ceasing the transmission of Type 1 messa¢gasTame 11
messages if applicabla ceasing the transmission of Type 101 messages. In accordance
with 3.6.7.4.1.3, the ground subsystem must still transmit messages such that the defined
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percentage or more of every assigned slot is occupied. This can be accomplished by
transmitting Type2, Type 3, Type 4 and/or Type 5 messages.

3.6.7.3.1.2 TDMA slot monitoringThe risk that the ground subsystem transmits a signal in an unassigned
slot and fails to detect an owgf-slot transmission, which exceeds that allowed in 3.6.2.6,
within 1 scond, must be less than 1 x 20in any 30second period. If oubf-slot
transmissions are detected, the ground subsystemst terminate all data broadcast
transmissions within 0.5 seconds.

3.6.7.3.1.3 VDB transmitter power monitol.he pobability that the horizontally or elliptically polarized
aA3dyrtQa GNIYaYAUGGISR LI26SNI AYONBIasSa o0& Y2NB
than 1 secondnustbe less than 2.0 x $n any 3@second period.

Compliance Notefhe vertichcomponent is only monitored for GBAS/E equipment.
3.6.7.3.2 Data monitoring
3.6.7.3.2.1 Broadcast quality monitofThe ground subsystem monitoringustcomply with the timeto-
alert requirements given in 3.6.7.1.2.1. The monitoring actioust be one of the

following:

a) to broadcast Type 1 (and Type 11 if broadcast) or Type 101 messages with no
measurement blocks; or

b) tobroadcast Typel(andT9p mm A F ONBIF ROF a0 2 NJgng@HdS mnm YSa&
" pr_gnd_p,if broadcast) field set to indicate the ranging source is invalid for every ranging
source included in the previously transmitted frame; or
c) toterminate the data broadcast.
Compliance NoteMonitoring actions a) and b) are preferred to c) if the particular failure mode
permits such a response, because actions a) and b) typically have a reducethsigaaé time
to-alert.

3.6.7.3.3 Integrity monitoring for GNSS ranging sources
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3.6.7.3.3.1 The ground subsystemust monitor the satellite signals to detect conditions that will result in
improper operation of differential processing for airborne receivers comglyiith the tracking
constraints in Attachment D, 8.11. The monitor thteealert must comply with 3.6.7.1.2. The
monitor actionmustd S 0 2 gnéi 20 GKS o0AG LI GGSNY dAMMMM MMMM
the satellite from the Type 1ype 11 or Type 101 message.

3.6.7.3.3.1.1 The ground subsystamst use the strongest correlation peak in all receivers used to generate
the pseudorange corrections. The ground subsystamstalso detect conditions that cause more
than one zero crossing for airborne receivers that use the dardydiscriminator fuction as
described in Attachment D, 8.11.

3.6.7.3.3.2 For FAST D ground subsystems, the probability that the error at the landing threshold point (LTP) of

any runway for which the ground subsystem supports GAST D, |Er|, on teec®ihd smoothed
corrected pseuderange (see 3.6.5.2) caused by a ranging source fault, is not detected and
reflected in the broadcast Type 11 message within Infust fall within the region specified in
Table B76A. Ranging source faults for which this requirement appire:

a) signal deformation (Note 1.);

b) code/carrier divergence;

c) excessive pseudmnge acceleration, such as a step or other rapid change; and

d) erroneous broadcast of ephemeris data from the satellite.

CompliancéNote 1.Refer to Attachment D, 8.11 for further information on GAE&Vionics
relating to signal deformation fault.

CompliancéNote 2Upon detection, a ranging source fault may be reflected in the Type 11
message by either:

a) removing the correction fohe associated satellite from the Type 11 message; or

7 A

by YI Nl Ay 3 (K aF 0SSt tAGSyfad(sek §6M1LH.R dza Ay 3
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Compliancé&lote 3.The acceptable probability of a missed detection region is defined with
respect to differentially corrected pseutinge error. The differentially corrected pseudo
range error, |Er|, includes the error resulting from a single ranging source fault, dieen t
correct application of GBAS ground subsystem message Type 11 broadcast corrections
(i.e. pseudorange correction and range rate corrections defined in section 3.6.4.11) by the
aircraft avionics as specified within section 3.6.8.3. Evaluationn@fpErformance
includes GBAS ground subsystem f&eke noise. The growth of |Er| with timenay
consider the data latency of the ground subsystem, but not the airborne latency, as
described in Attachment D, 7.5.14.

CompliancéNote 4.Additional informaion regarding the ranging source fault conditions

and monitoring requirements for FAST D ground subsystems may be found in Attachment
D, 7.5.14. Missed messages do not need to be considered as part of compliance with this
requirement.

Table B76A.  Rq_imit parameters

Probability of Missed Detection Pseuderange Error (metres)
t YRYEAYAG XK ™ no M<pws

Pmd_jimit XLO(-2.56%|Er| + 1.92) NoTp|<R7p9
Pmd_Ilimit>KLO-5 HOT (&K M9

3.6.7.3.3.3 For FAST D ground subsystems, the probability that an error at the landing threshold point
(LTP) of any runway for which the ground subsystem supports GAST D, |Er|, greater than
1.6 metres on the 3@econd smoothed corrected pseudange (se 3.6.5.2), caused by
a ranging source fault, is not detected and reflected in the broadcast Type 11 message
within 1.5 secondsnustbe less than 1 x t0in any one landing when multiplied by the
prior probability (Rurior). Ranging source faultsrfavhich this requirement applies are:

a) signal deformation (Note 1);

b) code/carrier divergence;
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3.6.7.3.4

c) excessive pseudmnge acceleration, such as a step or other rapid change; and
d) erroneous broadcast of ephemeris data from the satellite.

CompliancéNote 1.Refer to Attachment D, 8.11 for further information on GBEC
avionics relating to signal deformation fault.

ComplianceNote 2.1t is intended that the prior probability of each ranging source fault
(Paprior) be the same value that is used in the analysis to show compliance with error
bounding requirements for FAST C and D (see Appendix B, 3.6.5.5.1.1.1).
CompliancéNote 3Upon detection, a ranging source fault may be reflected in the Type
11 message by either:

a) removing the faulty satellite correction from the Type 11 message; or

7 A

b) YENJAY3 GK al G§SttAGSp§ad(sek §.6M:10.40.R dza Ay

Compliarce Note 4.Additional information regarding the ranging source fault conditions
and monitoring requirements for FAST D ground subsystems may be found in Attachment
D, 7.5.14. Missed messages do not need to be considered as part of compliance with this
requirement.

lonospheric gradient mitigation

For FAST D ground subsystems, the probability of an error (|[Er]) in thee@ihd
smoothed corrected pseudmnge at the landing threshold point (LTP) for every GAST D
supported runway that: a) isaused by a spatial ionospheric delay gradient, b) is greater
than the ks value computed from a broadcast Type 2 message, and c) is not detected and
reflected in the broadcast Type 11 message within 1.5 seamndsbe less than 1 x @

in any one anding. The FAST D ground subsystaeost limit the Type 2 broadcast
parameters to ensure that the maximung &t every LTP supporting GAST D operations
mustnot exceed 2.75 metres.

CompliancéNote 1.The total probability of an undetected dglgradient includes the prior probability
of the gradient and the monitor(s) probability of missed detection.
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ComplianceNote 2.Validation guidance for this requirement can be found in 7.5.6.1.8.

3.6.7.4 Functional RequiremenEor Authentication Protocols
3.6.7.4.1 Functional requirements for ground subsystems that support authentication

3.6.7.4.1.1 The ground systenustbroadcast the additional data block 4 with the Type 2 message with
the slot group definition field coded to indicate which slots are assigned to the ground
station.

3.6.7.4.1.2 The ground subsystemst broadcast every Type 2 message onlyrie of a set of slots
defined as the MT 2 sanctioned slots. The first slot in the group of MT 2 sanctioned slots
corresponds to the SSID coding for the ground subsystem. Slot A is represented by SSID =
0,Bby 1, Chby2,and H by 7. The group of MT 2 sagdtislots then also includes the
next slot after the slot corresponding to the station SSID if it exists in the frame. If there
is not an additional slot before the end of the frame, only the SSID is included in the set.

Compliance Noté=or exarple, the MT 2 sanctioned slot group for SSID = 0 would include
slots {A, B} while the MT 2 sanctioned slot group for SSID = 6 would include slots {G, H}.
The MT 2 sanctioned slot group for SSID = 7 includes slot {H} only.

3.6.7.4.1.2.1 The set of ®assigned to a ground stationustinclude at a minimum all the slots in the
MT 2 sanctioned slots as described in section 3.6.7.4.1.2.

3.6.7.4.1.3 Assigned slot occupancYhe ground subsystemusttransmit messages such that 89 per
centor more of every assigned slot is occupied. If necessary, Type 3 messages may be
used to fill unused space in any assigned time slot.

CompliancéNote 1.More information on the calculation of the slot occupancy is
provided in Attachment D, 7.21.

ComplianceNote 2.The requirement applies to the aggregate transmissions from all

transmitters of a GBAS ground subsystem. Due to signal blockage, not all of those
transmissions may be received in the service volume.
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3.6.7.4.1.4 Reference path &htifier coding Every reference path identifier included in every final
approach segment data block broadcast by the ground subsystem via the Type 4
messagemusthave the first letter selected to indicate the SSID of the ground subsystem
in accordace with the following coding.

Coding:A= SSID of 0
X= SSIDofl

Z= SSIDof2
J = SSIDof3
C= SSIDof4
V= SSIDof 5
P= SSIDof 6

T= SSIDof7
3.6.7.4.2 Functional requirements for ground subsystems that do not support authentication

3.6.7.4.2.1 Reference path identifier codinGharacters in this set: {A X Z J C VrRuE}not be used as the first
character of the reference path identifier ilicled in any FAS block broadcast by the
ground subsystem via the Type 4 messages.

3.6.8 Aircraft Elements

3.6.8.1 GNSS receivefhe GBABapable GNSS receivmust process signals of GBAS in accordance with the
requirements specified in this section as well as with requirements in 3.1.3.1 and/or 3.2.3.1 and/or
3.5.8.1.

Compliance Noteln order to ensure the required performance and functional objective&AST D are
achieved, it is necessary for the airborne equipment to meet defined performance and functional standards.
The relevant minimum operational performance standards are detailed in RT33DO

3.6.8.2 Performance Requirements
3.6.8.2.1 GBAS aircraft receiver accuracy

3.6.8.2.1.1 The RMS of the total aircraft receiver contribution to the error for GPS and GIrmi$ASS
be:
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wa{ LINPpFEAN 6'¢cyUYy K hda b I m P S
where

n =the n"ranging source;

n = the elevation angle for thethranging source; anéo, &> | ¢/~Rs defined in
Table B77 for GPS and Table/B for GLONASS.

3.6.8.2.1.2 The RMS of the total aircraft receiver contribution to the error for SBASesataliét be
as defined in 3.5.8.2.1 for each of the defined aircraft accuracy designators.

Compliance Not@he aircraft receiver contribution does not include the measurement
error induced by airframe multipath.

Table B77. Aircraft GPS receiver accuracy requirement

Aircraft accuracy oy a0 al ‘n
designator (degrees) (metres) (metres) (degrees)
A ) 0.15 0.43 6.9
B ) 0.11 0.13 4

Table B78. Arcraft GLONAS S receiver accur acyrequirement

Aircraft accuracy A a0 al ‘“n
designator (degrees) (metres) (metres) (degrees)
A N3] 0.39 0.9 5.7
B *o 0.105 0.25 55

3.6.8.2.2 VHF data broadcast receiver performance

3.6.8.2.2.1 VHF data broadcast tuning rangehe VHF data broadcast receinaustbe capable of tuning
frequencies in the range of 108.0Q@A.17.975 MHz in increments of 25 kHz.
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3.6.8.2.2.2 VHF data broadcast capture rangehe VHF data broadcast receiveust be capable of

acquiring and maintaining lock on signals within +418 Hz of the nominal assigned
frequency.

Compliance Notethe frequency stability of the GBAS ground subsystem, and the worst
case doppler shift due to the motion of the aircrafe eeflected in the above requirement.
The dynamic range of the automatic frequency contral also consider the frequency
stability error budget of the aircraft VHF data broadcast receiver.

3.6.8.2.2.3 VHF data broadcast message failure rdthe VHF data broadcast receiveust achieve a

message failure rate less than or equal to one failed message per 1 G@nhfh (222

bytes) application data messages, within the range of the RF field strength defined in
Chapter 33.7.3.5.4.4 asaceived by the airborne antenn#his requirementmustapply
whenthe variation in the average received signal power between successive bursts in a
given time slot does not exceed 40 dB. Failed messages include those lost by the VHF data
broadcast receiver system or which do not pass the CRC after application of the FEC.

CompliancéNote 1.An aircraft VHF data broadcast receiving antenna can be horizontally
or vertically polarized. Due to the difference in the signal strength of horizontally and
vertically polarized components of the broadcast signal, the maximum &iteraft
implementation loss for horizontally polarized receiving antennas is 4 dB higher than the
maximum loss for vertically polarized receiving antennas. For guidance in determining
aircraft implementation loss see Attachment D, 7.2.

ComplianceNote 2.1t is acceptable to exceed the signal power variation requirement in
limited parts of the service volume when operational requirements permit. Refer to
Attachment D, 7.12.4.1 for guidance.

3.6.8.2.2.4 VHF data broadcast time slot decodifithe VHF data broadcast receiverust meet the

requirements of 3.6.8.2.2.3 for all message types required (see 3.6.8.3.1.2.1) from the
selected GBAS ground subsystem. These requirenmenst be met in the presence of
other GBAS transmissions in anydaall time slots respecting the levels as indicated in
3.6.8.2.2.5.1 b).
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Compliance NoteOther GBAS transmissions may include: a) other message types with
the same SSID, and b) messages with different SSIDs.

3.6.8.2.2.5 GCahannel rejection

3.6.8.2.2.5.1 VHF data broadcast as the undesired signal solitte VHF data broadcast receiveunst
meet the requirements specified in 3.6.8.2.2.3 in the presence of an undesired co
channel VHF data broadcast signal that is either:

a) assigned to the same time slot(s) and 26 dB below the desired VHF data broadcast
signal power at the receiver input aver; or

b) assigned different time slot(s) and no more than 72 dB above the minimum desired
VHF data broadcast signal field strength defined in 3.7.3.5.4.4 .

3.6.8.2.2.5.2 VOR as the undesired sigrthe VHF data broadcast receimaustmeet the requirements
specified in 3.6.8.2.2.3 in the presence of an undesiredltannel VOR signal that is 26
dB below the desired VHF data broadcast signal power at the receiver input.

3.6.8.2.25.3 ILS localizer as the undesirednal. The VHF data broadcast receiveust meet the
requirements specified in 3.6.8.2.2.3 in the presence of an undesirazhaanel ILS localizer
signal that is 26 dB below the desired VHF data broadcast signal power at the receiver input.

3.6.8.2.2.6 Adjacent channelejection The level of ILS localizer or VOR undesired signasbe
measured as the power in the RF carrier.

Compliance NoteEven though faxis the maximum desired VHF data broadcast signal power, it
isalsoused to limit the maximum adjacent channel undesired signal power at the receiver input

3.6.8.2.2.6.1 First adjacent 25 kHz channels (25 kHkg VHF data broadcast receivenstmeet the
requirements specified in 3.6.8.2.2.3 in the presemfan undesiredsignalwith power
levels at the receiver input up tens offsetby 25 kHz on either side of the desired channel
that is either:
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a) 18 dB above the desired signal power at the receiver input when the undesired signal is another
VHF dat broadcast signal assigned to the same time slot(s); or

b) equal in power at the receiver input when the undesired signal is; ¥R
¢) equal in power at the receiver input when the undesired signal is ILS localizer.

3.6.8.2.2.6.2 Secondadjacent 25 kHz channels (x50 kHZ)e VHF data broadcast receiveust meet
the requirements specified in 3.6.8.2.2.3 in the presencerofumdesired signalvith
power levels at the receiver input up teszoffset by 50 kHz on either side of the desired
channel that is either:

a) 43 dB above the desired signal power at the receiver input when the undesired signal is
another VHF data broadcast source assigioetthe same time slot(s); or

b) 34 dB above the desired signal power at the receiver input when the undesired signal is VOR
or-

c) 34 dB above the desired signal power at the receiver input when the undesired signal is ILS loc:

3.6.8.2.2.6.3 Thirdup to thirty-ninth adjacent 25 kHz channels (+75 k975 kHx The VHF data
broadcast receivemust meet the requirements specified in 3.6.8.2.2.3 in the presence
of an undesired signalith power levels at the receiver inp up to $axoffset by 75 kHz
to 975 kHon either side of the desired channel that is either:

a) 46 dB above the desired signal power at the receiver input when the undesired signal
is another VHF data broadcast signal assigned to the same time sjot(s);

b) 46 dB above the desired signal power at the receiver input when the undesired signal
is VORor-

c) 46 dB above the desired signal power at the receiver input when the undesired signal
is ILS localizer.
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3.6.8.2.2.6.4 Fortieth and beyonddjacent 25 kHz channels (+1 MHz or mofE)e VHF data broadcast
receivermustmeet the requirements specified in 3.6.8.2.2.3 in the presence of an undesired signal offset by
1 MHz or more on either side of the desired channel that is either:

a) 46dB above the desired signal power at the receiver input when the undesired signal
with power levels at the receiver input up tew$ another VHF data broadcast signal
assigned to the same time slot(s); or

b) 46 + @P dB above t hdaerecewwrinpé dhersthequmdasiredp ower a
signal is a VOR with power levels at the receiver input upt@iSqpP dB and P
ranges from 0 to 14 dB; or

c) 46 + @P dB above the desired sig
signal is an ILS localier with power levels at the receiver input up tex5 p P
P ranges from O to 14 dB.

n power a

al
dB and

Note 16 P e g wwaninus th& undesired signal power at the receiver input with the
foll owing two constraints. P eqgsSaxl spP dB wh
equals 14 dB when the undesired power is 14 dB or more belaw S

Note 20 The requirements in items b) and ¢) accommodate a third order intermodulation
between the undesired signal and the local oscillator in the first mixer of the Rfefront
of the VDB receiver; it is similar to the FM intermodulation immunity in 3.6.8.2.2.8.3 where
Nzis the undesired signal anc: I8 the local oscillator.
3.6.8.2.2.6.Receiver recovery from sheerm excess undesired signal powEne VHF data broadst
receivermustmeet the requirements specified in 3.6.8.2.2.3 within 187.5 milliseconds (equivalent duration
of three VDB slots) after encountering an adjacent channel interference signal (ILS localizer or VOR) whose
power is above fxfor no morethan 2.5 seconds and by no more than 9 dB at the receiver input.

Note 16 This requirement supports brief excessive power received during ILS localizer and VOR
overflight. The duration of the excess power is limited by the continuity of the opegratjomhe
opportunity to receive three Type 1 messages in every 3.5 second window (refer to 3.6.8.3.4.1) without
excess power for GAST C. For GAST D, no excess power is allowed when the timeout is 1.5 seconds
(refer to 3.6.8.3.4.3). A VDB undesired signalver exceeds the maximum allowed field strength of
the desired VDB signal within the service volume.
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Note 21 Figure B20 shows a graphical representation of the VDB receiver regions of
operation in the presence of an undesired ILS localizer or VOR signal in the

fortieth or beyond adjacent 25 kHz channel, as a function of D/U and undesired
signal power.

Receiver Input D/U Ratio (dB)

60

Normal Operation Outside Normal, Il Qutside Normal, Il

Qutside Normal, |

-14

Compliance NoteThereg 2y 2 T

0

9

Undesired LOC or VOR Power at Receiver Input Relative to Sm_” (dB)

for values of the undesired power up 9 S

GKS FTAIdzNB 1 6StfSR dab2NYI
applies, and consequently 3.6.8.2.2.3 is met (MFR<= 0.001). The lower boundary of the region i
plotting the minimum acceptable D/U ratio specified in 3.6.8.2.2.6 4 famction of the undesired powze

In the other three regions of the figure, 3.6.8.2.2.6.4 does not apply. Consequently, 3.6.8.2.2.3

may not be met, and MFR may be as high as 1.
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The region labelledi Out si de Nor mal , Il O is the one in which
minimum acceptable value defined in 3.6.8.2.2.6.4 and the undesired power is lower or equal to
Snax
The region | abelled AOutsi de Nor mahighertharo i s t he

Snmaxbut lower than Sex+ 9 dB. The requirement for receiver recovery from stemnn excess
undesired signal power specified in 3.6.8.2.2.6.5 applies in this region.

¢tKS NB3IAZ2Y fIF0SfftSR dhdziaiRS shed pdwer fs Bigher thanés+ ® dB. (1 K S
Because this region is outside the expected operational environment, no receiver performance requirement
apply.

Figure B-20. GBAS VDB receiver regions of operation in the igsence of
an undesired signal in the fortieth or beyond adjacent 25 kHz channel

3.6.8.2.2.7 Rejection of ofthannel signals from sources inside the 108€9007.975 MHz bandwith
no onchannel VHF data broadcast signal present, the VHF data bsiadcaivermust
not output data from an undesired VHF data broadcast signal on any other assignable
channel.

3.6.8.2.2.8 Rejection of signals from sources outside the 1080007.975 MHz band

3.6.8.2.2.8.1 VHF data broadcashterference immunityThe VHF data broadcast receineust meet
the requirements specified in 3.6.8.2.2.3 in the presence of one or more signals having
the frequency and total interference levels specified in Tabl®B

3.6.8.2.2.8.2 Desensitiation. The VHF data broadcast receivenstmeet the requirements specified in
3.6.8.2.2.3 in the presence of VHF FM broadcast signals with signal levels shown in Tables
B-80 and B81.

Table B79. Maximum levels of undesired signals
Maximum level of undesired signals
at the receiver input (dB above
Frequency Shax)

50 kHz up to 88 MHz ¢l2
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88 MHz¢ 107.900 MHz

108.000 MHz; 117.975 MHz
118.000 MHz

118.025 MHz

118.050 MHz up to 1 660.5 MHz

(see 3.6.8.2.2.8.2 and 3.6.8.2.2.8.3)
Excluded
c43
¢40
¢l2

Frequency

Maximum level of undesired signals
at the receiver input (dB above

Srna)

50 kHz up to 88 MHz

88 MHzg 107.900 MHz

108.000 MHz; 117.975 MHz
118.000 MHz

118.025 MHz

118.050 MHz up to 1 660.5 MHz

Notest

cl2
(see 3.6.8.2.2.8.2
Excluded
c43
c40
cl2

1. The relationship is linear between single adjacent points designated by the above

frequencies.

2. These interference immunity requirements may not be adequate to ensure
compatibility between VHF data broadcast receivers and VHF communication
systems, partularly for aircraft that use the vertically polarized component of the
VHF data broadcast. Without coordination between COM and NAV frequencies
assignments or respect of a guard band at the top end of the¢1llP7.975 MHz
band, the maximum levels quoteast the lowest COM VHF channels (118.000,
118.00833, 118.01666, 118.025, 118.03333, 118.04166, 118.05) may be exceeded at
the input of the VDB receivers. In that case, some means to attenuate the COM
signals at the input of the VDB receivers (e.g. antemparation) will have to be
implemented. The final compatibility will have to be assured when equipment is

installed on the aircraft.

3. Snaxis the maximum desired VHF data broadcast signal power at the receiver input.

Table B80. Desensitization frequency and power requirements that apply for VDB frequencies from 108.025 to 111.975
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Maximum level of undesired
signals at the receiver input (dB
Frequency above $ay
yy all X F X mnu all 16
104 MHz 11
106 MHz 6
107.9 MHz q9

Notest
1. The relationship is linear between single adjacent points designated by the above
frequencies.

2. This desensitization requirement is not applied for FM carriers above 107.7 MHz and
channels at 108.025 or 108.050 MHz. See Attachment D, 7.2.1.2.2.

3. Snaxis the maximum desired VHF data broadcast signal power at the receiver input.

TableB-81. Desensitization frequency and power requirements that apply for VDB frequencies from 112.000 to 117.975

MHz
Maximum level of undesired
signals at the receiver input (dB
Frequency above $ay
yy all X F X mnn all 16
106 MHz 11
107 MHz 6
107.9 MHz 1

Notest
1. The relationship is linear between single adjacent points designated by the above
frequencies.

2. Snaxis the maximum desired VHF data broadcast signal power at the receiver input.

3.6.8.2.2.8.3 VHF data broadcast FM intermodulation immunifyie VHF data broadcast receivaust
meet the requirements specified in 3.6.8.2.2.3 in the presence of interference from two
signal, thirdorder intermodulation products of two VHF FM broadcast signals having
levels in accordance with the following:
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2Ni+tNb 0 @D b {
for VHH-M sound broadcasting signals in the range 1Q7.@8.0 MHz and
2N+N+3[23SHHn [ 23 o6n¥F Kk ndnoB X n
for VHF FM sound broadcasting signals below 107.7 MHz
where the frequencies of the two VHF FM sound broadcasting signals produce, within the
receiver, a two signal, thirdrder intermodulation product on the desired VDB
frequency.
N1 and N are the levels (dBm) of the two VHF FM sound broadcasting safrthles VHF

data broadcast receiver input.
Neither leveimustexceed the desensitization criteria set forth in 3.6.8.2.2.8.2.

n¥T T couwhebav is the frequency of N the VHF FM sound broadcasting signal
closer to 108.1 MHz.

Snaxis the maximum desired VHF data broadcast signal power at the receiver input.

Compliance NoteThe FM intermodulation immunity requirements are not applied to a
VHF data broadcast channel operating below 108.1 MHz, hence frequencies below 108.1
MHz are not intended for general assignments. Additional information is provided in
Attachment D, 7.2.1.2.

3.6.8.3 Aircraft Functional Requirements

Compliance NotdJnless otherwise specified, the following requirements apply to all GBAS
airborne equipment classifications as described in Attachment D, 7.1.4.3.

3.6.8.3.1 Conditions for use of data

3.6.8.3.1.1 The receiverustuse data from a GBAS nsage only if the CRC of that message has been

verified.
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3.6.8.3.1.2 The receivarust use message data only if the message block identifier is set to the bit
LI GGSNY amnanmn mamné ®

3.6.8.3.1.2.1 GBAS message processing capabiliyg GBASceivermustat a minimum process GBAS
message types in accordance with Tabig2B

Table B82. Airborne equipment message type processing

GBAS airborne equipment Minimum message
classification (GAEC) types processed
GAEC A MT 1 or 101, MT 2 (including ADB 1 and 2 if provided)
GAEC B MT 1, MT 2 (including ADB 1 and 2 if provided), MT 4
GAEC C GAECD MT 1, MT 2 (including ADB 1 if provided), MT 4

MT 1, MT 2 (including ADB 1, 2, 3 and 4), MT 4, MT 11

3.6.8.3.1.2.2 Airborne processing for forward compatibility

Compliance NoteProvisions have been made to enable future expansion of the GBAS
Standards to support new capabilities. Newessage types may be defined, new
additional data blocks for message Type 2 may be defined and new data blocks defining
reference paths for inclusion within message Type 4 may be defined. To facilitate these
future expansions, all equipmentay be deggned to properly ignore all data types that
are not recognized.

3.6.8.3.1.2.2.1 Processing of unknown message typeEle existence of messages unknown to the
airborne receivemustnot prevent correct processing of the required messages.

3.6.8.3.1.2.2.2 Processing of unknown Type 2 extended data blddhkes.existence of message Type 2
additional data blocks unknown to the airborne receivaust not prevent correct
procesing of the required messages.

3.6.8.3.1.2.2.3 Processing of unknown Type 4 data bloGke existence of message Type 4 data blocks
unknown to the airborne receivanust not prevent correct processing of the required

messages.

Compliane Note:While the current SARPs include only one definition of a data block for

inclusion within a Type 4 message, future GBAS Standards may include other reference

path definitions.
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3.6.8.3.1.3 The receiverustuse only ranging source measutent blocks with
matching modified Z£ounts.

3.6.8.3.1.4 If R«is broadcast by the ground subsystem, the receweist only apply pseudsange
corrections when the distance to the GBAS reference point is less than D

3.6.8.3.1.5 Theeceivermustonly apply pseud@ange corrections from the most recently received set
of corrections for a given measurement type. If the number of measurement fields in the
most recently received message types (as required in Appendix B, sectidri2.3d.4..1
for the active service type) indicates that there are nho measurement blocks, then the
receivermustnot apply GBAS corrections for that measurement type.

3.6.8.3.1.6 Validity of pseudmnge corrections

3.6.8.3.1.6.1 When the active service type is A, B or C, the reomigeexclude from the differential
YIEGAILGA2Y &2fdziA2y | y&gaiNIhe Bypey1dor BygediBIO S a
YSaalr3sSa Aa aSd d2 GKS oAld LI GOSNY dGmmmwm

3.6.8.31.6.2 If the active service type is D, the recemast exclude from the differential navigation
a2t dziAz2y Fye NI yYyAhMWY EAKIENTES LIS2 N disstherb@gEea '3 S
M YSaalrasS Aa asSd G2 GKS oAl LIGOIGSNY Gummmi
3.68.3.1.7 The receivenustonly use a ranging source in the differential navigation solution if the time
of applicability indicated by the modifiedcount in the Type 1, Type 11 or Type 101

message containing the ephemeris decorrelation parametetifat ranging source is less
than 120 seconds old.

3.6.8.3.1.8 Conditions for use of data to support approach services
3.6.8.3.1.8.1 During the final stages of an approach, the receiustuse only measurement blocks
from Type 1, Typd1l or Type 101 messages that were received within the last 3.5

seconds.

Compliance NotéGuidance concerning tirrte-alert is given in Attachment D, 7.5.14.
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3.6.8.3.1.8.2 GCID indications

3.6.8.3.1.8.2.1 When the active service typé\j B or C, the receiverustuse message data from a
GBAS ground subsystem for guidance only if the GCID indicates 1, 2, 3 or 4 prior to
initiating the final stages of an approach.

3.6.8.3.1.8.2.2 When the active service type is D, the recsiust use message data from a GBAS
ground subsystem for guidance only if the GCID indicates 2, 3 or 4 prior to initiating the
final stages of an approach.

3.6.8.3.1.8.3 The receiverustignore any changes in GCID during the final stages of an approach.

3.6.8.3.1.8.4 The receiveust not provide approach vertical guidance based on a particular FAS data
block transmitted in a Type 4 messaif the FASVAL received prior to initiating the final
adlr3sa 2F GKS FLIWINRIOK Aa aSid 42 aMmmm MMMME D

3.6.8.3.1.8.,5 The receiverust not provide approach guidance based on a particular FAS data block

transmitted in a Type 4 message if the FASEA&ived prior to initiating the final stages
2T GKS | LIINZFOK Aa aSid 2 4daMMMM MMMME @

3.6.8.3.1.8.6 Changes in the values of FASLAL and FASVAL data transmitted in a Type 4 message during
the final stages of an approachustbe ignored by theeceiver.

3.6.8.3.1.8.7 The receivenustuse FAS data only if the FAS CRC for that data has been verified.

3.6.8.3.1.8.8 The receiveustonly use messages for which the GBAS ID (in the message block header)

matches the GBAS IDtime header of the Type 4 message which contains the selected
FAS data or the Type 2 message which contains the selected RSDS.

3.6.8.3.1.8.9 Use of FAS data

3.6.8.3.1.8.9.1 The receivaustuse the Type 4 messages to determine the FAS for precision
approach.
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3.6.8.3.1.8.9.2 The receivaustuse the Type 4 messages to determine the FAS for approaches which
are supported by GBAS approach service type (GAST) A or B associatedhaitinel
number between 20 001 and 39 999.

3.6.8.3.1.8.9.3 The receivaustuse the FAS held within the droard database for approaches which
are supported by GBAS approach service type (GAST) A associated with a channel number
between 40 00@&nd 99 999.

3.6.8.3.1.8.10 When the GBAS ground subsystem does not broadcast the Type 4 message and the
selected FAS data are available to the receiver from an airborne database, the receiver
mustonly use messages from the intended GBAS ground subsystem.

3.6.8.3.1.9 Conditions for use of data to provide the GBAS positioning service

3.6.8.3.1.9.1 The receiverustonly use measurement blocks from Type 1 messages that were
receivedwithin the last 7.5 seconds.

3.6.8.3.1.9.2  The receivarust only use measurement blocks from Type 101 messages that were
received within the last 5 seconds.

3.6.8.3.1.9.3 The receiverustonly use message data if a Type 2 messagéotng additional data
block 1 has been received and the RSDS parameter in this block indicates that the GBAS
positioning service is provided.

3.6.8.3.1.9.4 The receiviaustonly use messages for which the GBAS ID (in the message block header)
matches the GBAS ID in the header of the Type 2 message which contains the selected
RSDS.

3.6.8.3.2 Integrity

3.6.8.3.2.1 Bounding of aircraft errord-or each satellite useid the navigation solution, the receiver
mustO 2 Y LJdzikSverstich that a normal distribution with zero mean and a standard
RSOAL (A 2 VieenS jodadd the (re2eiver contribution to the corrected pseddo
range error as follows:
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[ y v
J. flx)dx=Q (E) for all p =0and

j f(x) dx < Q (%) for all % =0

-0

where

f(x) = probability density function of the residual aircraft psewdoge error and

[ea]
! 2
Q) v dt.
X

3.6.8.3.2.2 Use of GBAS integrity parametefée aircraft elemenmnustcompute and apply the vertical,

lateral and horizontal protection levels describeif.5.5. If a Bparameter is set to the

oAG LI GGSNY damnnn nnnné AYRAOFNGAY3 GKIG GKS

elementmustassume that Bhas a value of zero. For any active service type, the aircraft
elementmustverify that the computed vdical and lateral protection levels are no larger
than the corresponding vertical and lateral alert limits defined in 3.6.5.6.

3.6.8.3.3 Use of satellite ephemeris data

3.6.8.3.3.1 10D checKThe receivemustonly use satellites for which the IOD broadcast by GBAS in the

3.6.8.3.3.2

Type 1 or Type 101 message matches the core satellite constellation 10D for the clock and
ephemeris data used by the receiver.

CRC checkThe receivemust compute the @hemeris CRC for each core satellite
O2yaidaStftlriA2yQa NIy3IAy3IT a2dz2NOS dzntaRbeAy GKS
validated against the ephemeris CRC broadcast in the Type 1 or Type 101 messages prior

to use in the position solution and withone second of receiving a new broadcast CRC.

The receivemust immediately cease using any satellite for which the computed and
broadcast CRC values fail to match.

3.6.8.3.3.3 Ephemeris error position bounds
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3.6.8.3.3.3.1 Ephemeris eor position bounds for GBAS approach servitfethe ground subsystem
provides additional data block 1 in the Type 2 messages, the aircraft elemesit
compute the ephemeris error position bounds defined in 3.6.5.8.1 for each core satellite
constef F GA2y Q& NIy3IAy3dI az2dzNOS dzaSR Ay GKS
receiving the necessary broadcast parameters. The aircraft elemastverify that the
computed vertical and lateral ephemeris error position bounds (E& LEP are no
larger than the corresponding vertical and lateral alert limits defined in 3.6.5.6.

3.6.8.3.3.3.2 Ephemeris error position bound for the GBAS positioning sefvieaircraft elemennust
compute and apply the horizontal ephemeris error positioound (HEP defined in
odc Ppdy dn F2NJ SIFOK O2NB alaSttAdS O2yais
service position solution.

3.6.8.3.4 Message loss

3.6.8.3.4.1 For airborne equipment operating with GAST C as the active service type, the macstiver
provide an appropriate alert if no Type 1 message was received during the last 3.5
seconds.

3.6.8.3.4.2 For airborne equipment operatingmWGAST A or B as the active service type, the receiver
must provide an appropriate alert if no Type 1 and no Type 101 message was received
during the last 3.5 seconds.

3.6.8.3.4.3 For the airborne equipment operating with GAST D as the active service type, the receiver
mustprovide an appropriate alert or modify the active service type if any of the following
conditions are met:

a) The computed position solutiois less than 200 ft above the LTP/FTP for the selected
approach and no Type 1 message was received during the last 1.5 seconds.

b) The computed position solution is less than 200 ft above the LTP/FTP for the selected
approach and no Type 11 message waeiked during the last 1.5 seconds.

c) The computed position solution is 200 ft or more above the LTP/FTP of the selected
approach and no Type 1 message was received during the last 3.5 seconds.
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d) The computed position solution is 200 ft or more above tA&/FTP of the selected
approach and no Type 11 message was received during the last 3.5 seconds.

3.6.8.3.4.4  For the GBAS positioning service using Type 1 messages, the negsiyeovide an
appropriate alert if no Type 1 message was reatidaring the last 7.5 seconds.

3.6.8.3.45 For the GBAS positioning service using Type 101 messages, the mecsipesvide an
appropriate alert if no Type 101 message was received during the last 5 seconds.

3.6.8.3.5 Airborne pseudmnge measurements

3.6.8.3.5.1 Carrier smoothing for airborne equipmertirborne equipmentimust utilize the standard
100-second carrier smoothing of code phase measurements defined in 3.6.5.1. During
the first 100 seconds after filter staup, the value of mustbe either:

a) a constant equal to the sample interval divided by 100 seconds; or

b) a variable quantity defined by the sample interval divided by the time in seconds since
filter start-up.

3.6.8.3.5.2 Carrier smoothing of airborne equipment operating with GAST D as the active service type
Airborne equipment operating with GAST D as the active servicenyst utilize 30
second carrier smoothing of code phase measurements as defined in 3.6.5.1.

Compliance NoteFor equipment that supports GAST D, two sets of smoothed pseudo
ranges are used. The form of the smoothing filter given in section 3.6.5.1 is the same for
both sets, and only the time constant differs (i.e. 100 seconds and 30 seconds). Guidance
concerning carriesmoothing for GAST D is given in Attachment D, 7.19.3.

3.6.8.3.6 Service type specific differential position solution requirem@iis.airborne equipmennust

compute all position solutions in a manner that is consistent with the protocols for
application of the data (see 3.6.5.5.1.1.2).
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Conpliance NoteThe general form for the weighting used in the differential position
solution is given in 3.6.5.5.1.1.2. Exactly which information from the ground subsystem is
used in the differential position solution depends on the type of serviceds#ioping
service vs. approach service) and the active approach service type. The specific
requirements for each service type are defined in RTCA DO 253D. Additional information
concerning the normal processing of position information is given in Attaghine.19.

3.7 Resistance to interference

3.7.1 Performance Objectives

Note 11 For unaugmented GPS and GLONASS receivers the resistance to interference is
measured with respect to the following performance parameters:

GPS GLONASS

Tracking error (1 sigma) 0.36m 0.8 m

ComplianceNote 2. This tracking error neither includes contributions due to signal
propagation such as multipath, tropospheric and ionospheric effects nor ephemeris and
GPS and GLONASS satellite clock errors.

ComplianceNote 3.For SBAS receivers, the resistance w@rfiatence is measured with
respect to parameters specified in 3.5.8.2.1 and 3.5.8.4.1.

ComplianceNote 4.For GBAS receivers, the resistance to interference is measured with
respect to parameters specified in 3.6.7.1.1 and 3.6.8.2.1.

ComplianceNote 5. The signal levels specified in this section are defined at the antenna
port. Assumed maximum aircraft antenna gain in the lower hemisphef®isBic.
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ComplianceNote 6. The performance requirements are to be met in the interference
environments defined below. This defined interference environment is relaxed during
initial acquisition of GNSS signals when the receiver cannot take advantage of a steady
state navigation saition to aid signal acquisition.

3.7.2 Continuous Wave Y@ Interference
3.7.2.1 GP&ndSBAXReceivers

3.7.2.1.1 After steadstate navigation has been established, GPS and SBAS receustraeet the
performance objectives with CW interfering signals present with a power level at the
antenna port equal to the interference thresholds specified abl€ B83 and shown in
Figure BL5 and with a desired signal levelgif64 dBW at the antenna port.

3.7.2.1.2 During initial acquisition of the GPS and SBAS signals prior tesstéaayvigation, GPS and
SBAS receiversustmeet the performamge objectives with interference thresholds 6 dB
less than those specified in Tabl&8.

3.7.2.2 Glonass Receivers

3.7.2.2.1 After steadstate navigation has been established, GLONASS receivers (except those identified
in 3.7.2.2.1.1jnustmeet the performance objectives with CW interfering signals present
with a power level at the antenna port equal to the interference thresholds specified in
Table B84 and shown in Figure-B and with a desired signal levgl66.5 dBW at the
antenna port.

Table B83. CW interference thresholds for GPS and SBAS receivers in stestdynavigation

Frequency range 6f the interference signal Interference thresholds for
receivers in steadgtate navigation

XX M omp all ¢4.5 dBW
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—_

1315MHz<%K m pnn al Linearly decreasing from¥.5 dBW tag38 dBW
1500MHz <K M pHp al Linearly decreasing froq88 dBW toc42 dBW
1525MHz <K M pcp®nH al iLinearly decreasing fromd2 dBW tog150.5 dBW
1565.42MHz<s M pypdnH acgl505dBW

—_

158542MHz<¥ M cmn al 1 Linearlyincreasing froml50.5 dBW ta;60 dBW
1610MHz<PK M cmy all Linearly increasing from60 dBW tog42 dBW*
1618MHz<#K W nnn all Linearly increasing from42 dBW tog8.5 dBW*
1610MHz <K ™M cHc ®p al T Linearlyincreasing from60 dBW toc22 dBW**
16265MHz<# W nmwm2 al | ilinearly increasing from22 dBW tog8.5 dBW**¢8.5
000 MHz dBwW

*  Applies to aircraft installations where there are no-lomard
satellite communications.

** Applies to aircraftinstallations where there is ehoard satellite
communications.

3.7.2.2.1.1 After steaedstate navigation has been established, GLONASS receivers used for all phases
of flight (excluding those used for the precision approach phase of flight) and put into
operation before 1 January 20lmust meet the performance objectives with CW
interfering signals present with a power level at the antenna port 3 dB less than the
interference thresholds specified in Table88 and shown in Figure-B5 and with a
desired signal level @f166.5 dBW at the aenna port.

Table B84. CW interference thresholds for GLONASS receivers in stetadly navigation

Frequency range 6f the

interference signal Interference thresholds for receivers in steashate navigation
fiX M omp all ¢4.5 dBW
1315MHz<? M pcHOMpcHp al | Linearlydecreasing fromd.5 dBW toc42 dBW

1562.15625 MHz <X ™M py o ®c pc Hp aLinearly decreasing froqd2 dBW tog80 dBW
1583.65625 MHz <X ™M p oH ®chbp H p a | Linearly decreasing froq80 dBW tog149 dBW
15929525 MHz <X M cnddoc al il ¢l49dBW
1609.36 MHz<¥ M cMo®dcpcHp al Linearlyincreasing froml49 dBW tog80 dBW
1613.65625MHz <X ™M cop ®mpc Hp alLinearly increasing from80 dBW tog42 dBW*
1613.65625MHz <X M cHcCc ®mpc Hp alinearly increasing from80 dBW tog22 dBW**
H
H

1 635.15625 MHz <X nnn all Linearly increasing from42 dBW toc8.5 dBW*
1 626.15625 MHz <X nnn all Linealy increasing frong22 dBW tog8.5 dBW**
fi>2 000 MHz ¢8.5 dBW
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* Applies to aircraft installations where there are nolooard satellite communications.
** Applies to aircraft installations where there is-toard satellitecommunications.

3.7.2.2.2 During initial acquisition of the GLONASS signals prior to-stateyavigation, GLONASS
receiversmust meet the performance objectives with interference thresholds 6 dB less
than those specified in Table&!.

3.7.3 Band.imited NoiseLike Interference
3.7.3.1 GPS AndeBsReceivers

3.7.3.1.1 After steadstate navigation has been est@hed, GPS and SBAS receiveust meet the
performance objectives with noidée interfering signals present in the frequency range
of 1 575.42 MHz +Bi2 and with power levels at the antenna port equal to the
interference thresholds specified irafille B85 and shown in Figure-® and with the
desired signal level @fl64 dBW at the antenna port.

Compliance NoteBw is the equivalent noise bandwidth of the interference signal.

3.7.3.1.2 During initial acquisition of the GPS and SBAS signals prior testééadyavigation, GPS and
SBAS receiveraustmeet the performance objectives with interference thhedéds 6 dB
less than those specified in Tabl&B.

3.7.3.2 Glonass Receivers

3.7.3.2.1 After steadstate navigation has been established, GLONASS receivers (except those identified
in 3.7.3.2.1.1)must meet the performance objectives while receiving nelike
interfering signals in the frequency bandBw/2, with powerlevels at the antenna port
equal to the interference thresholds specified in TabeBand shown in Figure B8 and
with a desired signal level qil66.5 dBW at the antenna port.
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3.7.3.2.1.1 After steadstate navigation has been established, GLOSAeceivers used for all phases
of flight (excluding those used for the precision approach phase of flight) and put into
operation before 1 January 20h7ustmeet the performance objectives while receiving
noiselike interfering signals in the frequney band f £Bw/2, with power levels at the
antenna port 3 dB less than the interference thresholds specified in TeeaBd shown
in Figure BL8 and with a desired signal levelgif66.5 dBW at the antenna port.

Compliance Notdfi is the celre frequency of a GLONASS channel withlf 602 MHz +
k x0.5625 MHz and k &7 to + 6 as defined in TablelB and Bwis the equivalent noise
bandwidth of the interference signal.

3.7.3.2.2 During initial acquisition of the GLONASS signals prior to-stassyavigation, GLONASS
receiversmust meet the performance objectives with interference thresholds 6 dB less
than those specified in Tableds.

3.7.3.3 Pulsed intrference After steadystate navigation has been established, the receimestmeet
the performance objectives while receiving pulsed interference signals with
characteristics according to Table8B where the interference threshold is defined aéth
antenna port.

3.7.3.4 SBAS and GBAS receimagstnot output misleading information in the presence of interference
including interference levels above those specified in 3.7.

Compliance NoteGuidance material on this requiremengisen in Attachment D, 10.5.

3.8 GNSS aircraft satellite receiver antenna

3.8.1 Antenna coveragelThe GNSS antennaustmeet the performance requirements for the reception
of GNSS satellite signals from 0 to 360 degrees in azimuth and from O to 90 degrees in
elevation relative to the horizontal plane of an aircraft in level flight.

3.8.2 Antenna gainThe minimum antana gainmustnot be less than that shown in Table8B for the
specified elevation angle above the horizon. The maximum antennamyetmot exceed
+4 dBic for elevation angles above 5 degrees.

348



% TECHNICAL STANDARDS
( NamibiaCivil AviationAuthority - (NAMCATYS)
' Safety Division
NAA Part171 ATELc Volume 1

3.8.3 Polarization The GNSS antenna polarizationst be righthand circular (clockwise with respect
to the direction of propagation).

3.8.3.1 The antenna axial ratfiustnot exceed 3.0 dB as measured at boresight.

3.9 Cyclic redundancy check

Each CRMnust be calculated as the remainder, R(x), of the Modildivision of two
binary polynomials as follows:

R(x)
G(x)

EME])
{ G(X) }modZ_Q(X-)_i_

where

k =the number of bits in the particular CRC;

M(x)=the information field, which consists of the data items to be protected by
particular CRC represented as a polynomial;

G(x=the generator polynomial specified for the particular CRC;

Q(x=the quotient of the division; and

R(x=the remainder of the division, contains the CRC:

k

R(x) = Z rxft = x4 xRt 4+ L+ nx®
=1

Table B85. Interference threshold for bartimited noiselike interference to GPS and SB/
receivers in steadystate navigation

Interference Interference threshold for receivers in steadtate
bandwidth navigation
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OHz<BwK T n1n 1¢150.5dBW
700 Hz <BwK ™ Linearly increasing froml50.5 tog143.5 dBW
10kHz <BwWK ™ n Linearly increasing froml43.5 to¢140.5 dBW
100 kHz <BWK ™M a ¢140.5 dBW
1MHz <BwWK H 1 alinearly increasing froml40.5 to¢127.5 dBW*
20 MHz <BwK o0 n iLinearly increasing froml27.5 tog121.1 dBW*
30 MHz <BwK n n iLinearly increasing froml21.1 to¢119.5 dBW*
40 MHz < Bw ¢119.5 dBW*

* The interference threshold is not to excegii40.5 dBW/MHz in the frequency
range 1 575.42 £10 MHz.

Table B86. Interference threshold for bantimited noiselike interference to GLONASS receivers in steatte navigation

Interference bandwidth Interference threshold
OHz<BwWK m {11 ¢149 dBW
1kHz<BwK mn 111 Linearly increasing from149 to¢143 dBW
10kHz<BwWK naop al l ¢143 dBW
0O5MHz<BWK mn all Linearly increasing froml43 to¢130 dBW
10 MHz < Bw ¢130 dBW

Table B87. Interference thresholds for pulsed interference

GPS and SBAS GLONASS

Frequency range for thand and neaband 1575.42 MHz £+ 20 MHz 1 592.9525 MHz to 1 609.36 MHz
Interference threshold (Pulse peak power) foiiand ¢20 dBW ¢20 dBW
and nearband interference
Interference threshold (Pulse peak power) outside th«
band and neaband frequency ranges (cwf-band 0 dBW 0 dBW
interference)
Pulse width XMHp xa XHpn xa
Pulse duty cycle . .

M2 M2
Interference signal bandwidth for4pand and neaband
interference *m all xpnn 111
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/hite Gaussian noise centred aro
and pulse

characteristics specified in the table.
Note 21 In-band, neathand and ouf-bandinterference refers to the centre frequency of the interference signal.

Table B88. Minimum antenna gain GPS, GLONASS and SBAS

Elevation angle degrees Minimum gain dBic
0 c7
5 ¢5.5
10 c4
15t0 90 ¢2.5

Compliance Note: The¢5.5 dBic gain at 5 degrees elevation angle is appropriate for an
L1 antenna. A higher gain may be required in the future for GNSS signals in the L5/E5
band.

Figures for Appendix B

351



Pf TECHNICAL STANDARDS
K NamibiaCivil AviationAuthority - (NAMCATYS)
' Safety Division
NCAA Part171: ATELC Volume 1
A
|
l
| X1 Epoch 2/3
/ L
1023 |/ / 1023 1023etc]
1023-bit Gald Code (1 D23 — > lms [€—
AO Al A2 Al18 Al9 A0
Gold Code
! (_ 000 per ) /] :
[
Data (50 I
I I
I I
< 20ms >
Figure B1. C/A code timing relationships
SUBFRAME 1 TLM HOW  GPS week number, SV accuracy and health
SUBFRAME 2 TLM HOW  |[Ephemeris parameters
SUBFRAME3Z TLM HOW  |[Ephemeris parameters
SUBFRAME 4 TLM HOW Almanac and health for satellites &R, specia
(25 pages) messages, satellite configuration, flags, ionosph
and UTC
SUBFRAME S5 TLM HOW  Almanac and health for satellitesg24 and almana
(25 pages reference time and GPS week number
Figure B2. Frame structure
Preamble Reserved Parity
1 0001 01 1MSB LSB

352



NAMIBIA CIVIL AVIATION AUTHORITY

KX
AA

NamibiaCivil AviationAuthority -

TECHNICAL STANDARDS
(NAMCATYS)

Safety Division

Part171 ATELc Volume 1

\123456789

10111213 14 1516 17 18 19 20 21 22 23 24 ‘25 2627 28 29 30

Figure B3. TLM word format

—————————————— > «——————>»

TOW count message Subframe Parity

ID

12345678

91011121314151617 18 19 20 21 22 23 24 25 26 27 28 29 30

Figure B4. HOWormat

End/start of week g} H15s
L | I S I N I S N N

403 192 403 196 o 1 2 3 4 5 6 7

Decimal equivalent of actual TOW counts

Subframe epochs| H g} 6s H
rb
100 799 0 1 2
Decimal equivalent of HOW message TOW count

Notes:
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TECHNICAL STANDARDS
/X NamibiaCivil AviationAuthority - (NAMCATS)

‘ Safety Division
NCAA Part171: ATELC Volume 1

NAMIBLA CIVIL AVIATION AUTHORITY

1. To aid in rapid ground loan, the HOW of each subframe contains a truncated T

count.
2. The HOW is the second word in each subframe.
3. The HOW message TOW count consists of the 17 MSBs of the actual TOW cou

the start of the next subframe.
4. To convert from the HOW message TOW count to the actual count at the start g

next subframe, multiply by four.
5. The first subframe starts symonously with the end/start of each epoch.

Figure B5. Time line relationship of HOW

DIRECTION OF DATA FLOWFROMSV——— MSB FIRST
150 BITS — 3 SECONDS -
WORD 1—»l« WORD 2—»le WORD 3 <+——WORD 4 »<+——WORD 5 >

I )

71
SUBFRAME PAGE
NO. NO. 31 61 [7d77|83 |91 121
™M HOW VWIN
1 A dp t| P 10 P 23 BITS P| 24BITS™ P
22 BITS 22 BITS
BITS
FYs
v::J'AORPc:Jt\l|_2—2B|T54 ;LZPDATAFLAG—1 BIT
URAINDEX —4BITS —M
sSVHEALTH —6 BITS 2 MSBs tODC — 10 BITS TOTAL
< DIRECTION OF DATA FLOWFROM SV ———————— MSB FIRST
- 150 BITS ———————— 3 SECONDS >
|[«—— WORD 6—»|«——WORD 7|« WORD 8|« WORD 9——»|«—WORD 10 —»,
151 181 197 211|219 241 271
T a a
1 NA 24BITS™ |P 16 0 |p oo p | 7 n o le 0 t| P
BITS*** |8 BITS 16 BITS aBITS| 16 BITS 22 BITS
Fy
8 LSBs 10DC — 10 BITS TOTAL

= RESERVED

P =6 PARITY BITS

t =2 NON-INFORMATION BEARING BITS USED FOR PARITY COVIPUTATION
C =TLM BITS 23 AND 24 WHICH ARE RESERVED
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TECHNICAL STANDARDS

% NamibiaCivil AviationAuthority - (NAMCATS)

‘ Safety Division
NCAA Part171: ATEIc Volume 1

NAMIBIA CIVIL AVIATION AUTHORITY

Figure B6. Data format (1 of 11)

DIRECTION OF DATA FLOW FROM SV ——— MSB FIRST

150 BITS ——— 3 SECONDS >
«—— WORD +—»l«——WORD 2—»|¢——WORD 3—»|«—WORD 4—»|«—WORD 5 —»|

A A

SUBFRAME PAGE
NO. NO. 1 31 61 |69 91 107 121
iy HOw ICDE| Gg ?n
5 NA clp t{P| 8 P 8 |pP 24 BITS P
22 BITS 22 BITS BITS | 16BITS 16 BITS | BITS

MSBs LSlBs

Mg — 32 BITS TOTAL

< DIRECTION OF DATA FLOW FROM SV MSB FIRST
- 150 BITS ————— 3 SECONDS >
|« WORD 6 »|a WORD 7 »j«WORD 8 —»|«  WORD 9 »|« WORD 10|

151 167 181 211 b7 241 271 287

C C, t
> NA ve 8 |p 24 BITS P us 8 |P 24 BITS P oe t|P
16 BITS | BITS 16 BITS |BITS 16 BITS
T T T Fry
MSBs LSBs MSBs LSBs
e — 32 BITS TOTAL | | JA —32BITS TOTAL—'—I
FIT INTERVAL FLAG —1 BIT——

AODO—SBITS ———

P =6 PARITY BITS
t =2 NON-INFORMATION BEARING BITS USED FOR PARITY COMPUTATION

C =TLMBITS 23 AND 24 WWHICH ARE RESERVED

Figure B6. Data format (2 of 11)
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NamibiaCivil AviationAuthority -

i Safety Division
NCAA

NAMIBLA CIVIL AVIATION AUTHORITY

TECHNICAL STANDARDS
(NAMCATS)

Part171 ATELc Volume 1

- DIRECTION OF DATA FLOW FROM SV MSB FIRST
- 150 BITS 3 SECONDS >
+—— WORD +—p»«+——WORD2 —p»«+——  WORD3 —»«+  WORD4 —p»«+——WORD 5—»
SUBFRAME PAGE
NO. NO. 1 31 61 77 o1 121 137
™M HOW ] )
3 NA i p| Ge 8 | P 24 BITS Gs s |p
22 BITS 22 BITS 16 BITS | BITS 16 BITS | BITS
MSBs LSBs MSBs
©Q o — 32 BITS TOTAL L | ig— 32 BITS TOTAL—
< DIRECTION OF DATA FLOW FROM SV MSB FIRST
150 BITS— 3 SECONDS
[« WORD 6|« WORD 7 »|s WORD 8 »|«WORD 9 s« WORD 10——»|
151 181 211 241 271 | 279
Cre IS IODE IDOT
a A 24 BITS 8 P 24 BITS P P| 8 14 |t| P
16 BITS BITS 24 BITS BITS| BITS
MSBs LSBs
LSBs i 1 » — 32 BITS TOTAL
iD_ 32 BITS TOTAL
P = 6 PARITY BITS
t = 2 NON-INFORMATION BEARING BITS USED FOR PARITY COMPUTATION
C =TLM BITS 23 AND 24 WHICH ARE RESERVED

Figure B6. Data format (3 of 11)
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TECHNICAL STANDARDS
NamibiaCivil AviationAuthority - (NAMCATS)

Safety Division
NCAA Part171: ATELC Volume 1

NAMIBIA CIVIL AVIATION AUTHORITY

« DIRECTION OF DATA FLOWFROM SV ——— MSB FIRST
« 150 BITS———— 3 SECONDS >
—— WORD 1—»|¢—— WORD 2—»|+—WORD 3—»|«—WORD 4 —»|+—WORD 5 —»
SUBFRAME  PAGE &1
NO. NO. 1 31 63 |69 91 |oo 121
1 LM HOW e loa 51 O
5 THRU a P t| P P P P
2 22 BITS 22 BITS 16 BITS 8 BITS| 16 BITS 16 BITS |8 BITS
Fy -~
DATAID —2 BITSQ
sVID—6BITS—— SV HEALTH——
< DIRECTION OF DATAFLOWFROMSY — MSB FIRST
- 150 BITS—— 3 SECONDS >
<+—— WORD 6—»|+«——WORD 7—»{+——WORD 8—»{«—WORD 9—»/«—WORD 10—
151 181 211 241 271 |279  |290
1 Q [63)
s THRU A P 0 P ' P Mo P i P
24 24 BITS 24 BITS 24 BITS 24 BITS

-~
8 MSBS 3 Il_SBs

ap — 11 BITS TOTAL
afp — 11 BITS TOTAL

P =6 PARITY BITS

t =2 NON-INFORMATION BEARING BITS USED FOR PARITY COMPUTATION

C = TLM BITS 23 AND 24 WHICH ARE RESERVED

Note.— Pages 2, 3, 4, 5, 7, 8, 9 and 10 of subframe 4 have the same format as pages 1 through 24 of subframe 5.

Figure B6. Data format (4 o11)
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NCAA

NAMIBLA CIVIL AVIATION AUTHORITY

TECHNICAL STANDARDS

NamibiaCivil AviationAuthority - (NAMCATS)

Safety Division
Part171 ATELc Volume 1

- DIRECTION OF DATA FLOW FROM SV MSB FIRST
- 150 BITS——— 3 SECONDS -
<+«— WORD +—»=«—WORD2 —p»«+  ——WORD3 —#»«+ ——WORD4 —p»p=« " WORDS5 —»
61
SUBFRAME PAGE
NO. NO. 1 31 63 |69 o1 121
SV HEALTH SV HEALTH
. o M cl e How ilp foa | W, 6 BITS/SV | p 6BITS/SV | p
sv[svisv|sv sv[sv|sv|sv
22 BITS 22 BITS sETS8ETY (S | 3V [S) |4 5| sl 7| v
Fy
DATAID —2 BITS4T
sv(PAGE) I D—6BITS —— |
- DIRECTION OF DATAFLOWFROM SV MSB FIRST
- 150 BITS———— 3 SECONDS -
<« WORD 6 |« WORD 7 »l«  WORD & »[«  WORD 9+« WORD 10— »|
271
151 181 211 241 274
SV HEALTH SV HEALTH SV HEALTH SV HEALTH
6BITS/SV | 6BITS/SY | 6BITS/SV | 5 6 BITS/SV P 1Bt el P
5 25 svlsv svlsv svlsvsvsv svlsv svlsv sv|sv Svlsv
9| 10| 11 [ 12 13[ 14| 1516 17| 18| 19| 20 21| 22| 23| 24
3 BITS ™~

** RESERVED FOR SYSTEM USE
v RESERVED

P =6 PARITY BITS
t =2 NON-INFORMATION BEARING BITS USED FOR PARITY COMPUTATION

C =TLM BITS 23 AND 24 WHICH ARE RESERVED

Figure B6. Data format (5 of 11)
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NCAA

NAMIBIA CIVIL AVIATION AUTHORITY

NamibiaCivil AviationAuthority -

Safety Division

TECHNICAL STANDARDS
(NAMCATS)

Part171 ATELc Volume 1

A A

150 BITS

DIRECTION OF DATA FLOW FROM SV——— MSB FIRST
3 SECONDS >
+— WORD +——»4+—WORD 2—p»pe+—WORD 3—»<+—WORD4—pa+—WORD 5 —»

SUBFRAME PAGE
NO. NO. 1 31 69 91 121
TLM HOwW
4 1,6, 1, P 16 P 24 BITS*™* | P| 24 BITS™ P
16 & 21 22 BITS 22BITS BITS***
DATAID —2 BITS 4‘{
SV (PAGE)ID—6BITS ———————
- DIRECTION OF DATA FLOW FROM SV MSB FIRST
- 150 BITS ————— 3 SECONDS >
<« WORD 6 |« WORD 7 »f«  WORD& —»l« WORD 9 »|«  WORD 10— »|
151 181 241 |249 271
a 1'6% ;"1' 24 BITS*™* | P 24 BITS*** 24 BITS*™* [P |8~ 16 P 22 BITS*™ [t|P
BITS| BITS*™

** RESERVED FOR SYSTEM USE
** RESERVED

P =6 PARITY BITS

t =2 NON-INFORMATION BEARING BITS USED FOR PARITY COMPUTATION
C =TLM BITS 23 AND 24 WHICH ARE RESERVED

Figure B6. Data format (6 of 11)
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TECHNICAL STANDARDS
NamibiaCivil AviationAuthority - (NAMCATS)

Safety Division
NCAA Part171: ATELC Volume 1

NAMIBLA CIVIL AVIATION AUTHORITY

- DIRECTION OF DATA FLOW FROM SV MSB FIRST
- 150 BITS ——— 3 SECONDS >
«— WORD 1+—p»«+——WORD2 ——p»+— WORD3 —»«+—— WORD4—p«+—WORD S5 ——»
61
SUBFRAME PAGE
NO. NO. 1 31 63|69 91 121
TLM HOW
4 12, 19, 20, ClP t| P 16 P 24 BITS*** P 24 BITS*™™ P
22, 23&24 22 BITS 22 BITS BITS***

7 3
DATAID —2 BIT".34T

SV (PAGE) ID—6 BITS

- DIRECTION OF DATA FLOWFROM SV MSB FIRST
- 150BITS — 3 SECONDS >
- WORD 6|« WORD 7« WORD 8 »|«——WORD 9|4 WORD 10 —»|
151 181 211 241 |249 271
12, 19, 20
4 - 19, 20, 24 BITS*™* | P| 24BITS*™* | P| 24BITS*™* |P|8™ 16 P 22BITS™ |[t|P
22,23&24 BITS| BITS™

~ RESERVED FOR SYSTEM USE
 RESERVED

P =6 PARITY BITS

t =2 NON-INFORMATION BEARING BITS USED FOR PARITY COMPUTATION
C=TLM BITS 23 AND 24 WHICH ARE RESERVED

Figure B6. Data format (7 of 11)
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NCAA

NAMIBIA CIVIL AVIATION AUTHORITY

NamibiaCivil AviationAuthority -
Safety Division

TECHNICAL STANDARDS
(NAMCATS)

Part171 ATELc Volume 1

A A

150 BITS

61

DIRECTION OF DATA FLOW FROM SV —————— MSB FIRST
3 SECONDS >
<+— WORD +——»«+—WORD 2——»«+—WORD 3—» «—WORD 4—>|<—\NORD 5 —»

** RESERVED FOR SYSTEM USE
P =6 PARITY BITS
t =2 NON-INFORMATION BEARING BITS USED FOR PARITY COMPUTATION
C=TLMBITS 23 AND 24 WHICH ARE RESERVED

SUBFRAME PAGE
NO. NO. 1 3 63lea |77 o1 |99 |07 121 29 har
iy HOW og | o ap | o5 | O By | B2 | Bs
4 18 Ccl P t{ P 8 | 8 8 8 8 |P| 8 8 8 |P
22 BITS 22 BITS BITS |BITS BITS [BITS |BITS BITS [BITS|BITS
DATAID —2 BITS 4T
SV (PAGE) ID—6 BITS
< DIRECTION OF DATAFLOWFROMSY - MSB FIRST
< 150 BITS 3 SECONDS >
+<—— WORD 6—»|+——WORD 7—+}«——WORD 8—»/«—WORD 9—#|«—WORD 10 —»|
151 181 21 219 |227 241 249 |257 271 279
Aq tot | VWIN s DN ?tLSF 14
4 18 8 |8 | 8Pl 8 |8 |8 Pl 8 |pgTg |t|P
24 BITS 24 BITS BITS |BITS|BITS| |BITS|BITS|BITS| | BITS
T t 1
MSBs LSBs
Ag— 32 BITS TOTAL WN o

Figure B6. Data format (8 of 11)
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NCAA

NAMIBLA CIVIL AVIATION AUTHORITY

NamibiaCivil AviationAuthority -
Safety Division

TECHNICAL STANDARDS
(NAMCATS)

Part171 ATELc Volume 1

- DIRECTION OF DATA FLOW FROM SV MSB FIRST

- 150 BITS

“+— WORD 1+—»«+——WORDZ2—»«4—WORD3—»«—— WORD 4*»)47 WORD 5 —»

3 SECONDS >

SUBFRAME PAG e1
NO. NO. 1 31 63 |69 91 121
A-SPOOF & A-SPOOF & A-SPOOF &
M cl e How - SVCONFIG| | SVcONFIG | | SvconFic |,
“ = 22 BITS 22 BITS HEE R EEE R R
I
DATAID —2 BITS
sv(PAGE) ID—6BITS ——
- DIRECTION OF DATAFLOWFROMSV—— MSB FIRST
- 150 BITS ———— 3 SECONDS >
|« WORD 6 »|« WORD 7 WORD & »|+—— WORD 9 »|«  WORD 10— »
227
151 181 211 229 241 271
A-SPOOF & A-SPOOF & A-SPOOF & SV HEALTH SV HEALTH
SV CONFIG P SV CONFIG P SV CONFIG ’~ 6 BITS/SV P 6 BITS/SV i P
a 25 SV\SVISV sV sv sv\svl S\;I Sv vsv| [SV 5% |s sV SV [SV [SV
17| 18| 19| 20| 21| 22 23| 24| 25| 26| 27| 28| 31|32 25 26 | 27 28 29 30 31 32

2BITs **

F F Y

SV HEALTH —6 BITS

** RESERVED FOR SYSTEM USE

P =86 PARITY BITS

t =2 NON-INFORMATION BEARING BITS USED FOR PARITY COMPUTATION
C=TLMBITS 23 AND 24 WHICH ARE RESERVED

4 BITS ™ ——

Figure B6. Data format (9 of 11)
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NCAA

NAMIBIA CIVIL AVIATION AUTHORITY

NamibiaCivil AviationAuthority -
Safety Division

TECHNICAL STANDARDS
(NAMCATS)

Part171 ATELc Volume 1

A A

150 BITS

DIRECTION OF DATA FLOW FROM SV
3 SECONDS >
«—— WORD 1—>-|Q—VVORD 22— p4+———  WORD3—— p»«+— WORD4—pl«—— WORDS5 —»

MSB FIRST

P =6 PARITY BITS
t =2 NON-INFORMATION BEARING BITS USED FOR PARITY COMPUTATION
C =TLM BITS 23 AND 24 WHICH ARE RESERVED

SUBFRAME PAG 61 69
NO. NO. 1 31 63 71 91 121
= E[E = e | e |E[E s e [E[E[E
TLM HOW B8 |8 5| B |8 |58 |8 |8 |58
P TlE|s el i sl ]ali]pP
4 13 22 BITS 22 BITS 8|8 | ile| &8l ol IS - I IS
Tl 1|8 g | 1 T |1 |E g | 1 |1l
s |s|s s]ls|s|s|=s s]|s|s|If&8
DATAID—2 BITS 4
SV (PAGE) ID—6 BITS AVAILABILITY INDICATOR —2 BITS
- DIRECTION OF DATAFLOWFROMSY—————————————— MSB FIRST —————
- 150 BITS ———— 3 SECONDS »
<+— WORD 6—»«+—WORD ?—h{Q—WORD 8—»'4— WORD 9—»{+—WORD 10 —»
151 181 211 241 271
ETETETETE ETETEETE ETETETETE ETETEETE ETETETE
RIrR|R|R|R R|lR|r|rR|E R|lr |r|RrR|R R|r|RrR|R|R R|lr|r[r
LA KA AR R ele|efe]e AR AR AR AN AR AR N
1 2 3 4 5 5 & 7 ] s |P | 2|0 1 2 3| P 3 a 5 & TP 8 E) o t | P
4 13 sls|sle]2 sle|sls]|2 ale|s]s|2 alels|el2 s le|els
L B B B M L B B8 B M L B -] B M L B B B M L B B B
O O B i = O I o s |7 o R - =0 I I A I s |7 i
slrl1|1]¢e e [T |t |1 |¢€ e |1 |11 ]e 3 S I O I O 1 elr|1|z
slslslsls slslsl|s|s s|lslslsls s|lslslsls slsilsls

Figure B6. Data format (10 of1)

363




‘r

NCAA

NAMIBLA CIVIL AVIATION AUTHORITY

NamibiaCivil AviationAuthority -

Safety Division

TECHNICAL STANDARDS
(NAMCATS)

Part171 ATELc Volume 1

A A

150 BITS

3 SECONDS
<« WORD 1—» |<—WORD 2 » |<—WORD 3— » |« WORD4—» FWORD 5 »

DIRECTION OF DATA FLOWFROM SV

MSB FIRST

>

SUBFRAME  PAGE 61
NO. NO. 1 31 63|69 91 121
TLM HOW
4 14, 15 C|lP t| P 16 P 24 BITS** P 24 BITS** P
& 17+ 22 BITS 22 BITS BITS**
A A
DATAID —2BITS ——
SV (PAGE) ID—6 BITS
< DIRECTION OF DATA FLOW FROM SV MSB FIRST ——|
< 150 BITS ——— 3 SECONDS
l«—— WORD S—*—WORD 7—>|<—WORD 3—>|<— WORD 9—>HORD 10—,
151 181 211 241 271
4 ;‘EI.T']E 24 BITS** P 24 BITS*™ P 24 BITS*™ P 24 BITS* P 22 BITS** t|P

** THE INDICATED PORTIONS OF WORDS 3 THROUGH 10 OF PAGES 14 AND 15 ARE RESERVED FOR SYSTEM USE, WHILE
THOSE OF PAGE 17 ARE RESERVED FOR SPECIAL MESSAGES

P =6 PARITY BITS
t =2 NON-INFORMATION BEARING BITS USED FOR PARITY COMPUTATION

C=TLMBITS 23 AND 24 WHICH ARE RESERVED
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Safety Division

TECHNICAL STANDARDS

(NAMCATS)

Part171 ATELc Volume 1

Figure B6. Data format (11 of 11)
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\)r TECHNICAL STANDARDS
f NamibiaCivil AviationAuthority - (NAMCATYS)
' Safety Division
NCAA Part171: ATELC Volume 1
< 2s >
Frame number | String number |« 17s »le0.35
1 0 Immediate data KX MB A
2 0 for KX MB
3 0 transmitting KX MB 30s
I 4 0 satellite KX MB
a Non-immediate data
z (almanay
for
15 0 five satellites KX MB
1 0 Immediate data KX MB
2 0 for KX MB
3 0 transmitting KX MB o
1 4 0 satellite KX MB ©
o Non-immediate data
< (almanag
a for 2
15 0 five satellites KX MB o
1 0 Immediate data | KX MB o
2 0 for MB o
3 0 transmitting MB 3
m 4 0 satellite KX MB =
G Non-immediate data §
a (almanag
o for
15 0 five satellites KX MB
1 0 Immediate data | KX MB
2 0 for KX MB
3 0 transmitting KX MB
IV 4 0 satellite KX MB
o Non-immediate data
< (almanag
o for
15 0 five satellites . MB
1 0 Immediate data | KX MB \
2 0 for KX MB
3 0 transmitting KX MB
Vv 4 0 satellite KX MB
G Non-immediate data
o (almanag
G for
four satellites
14 0 Reserved bits KX MB
15 0 Reserved bits KX MB
184] 85 oo 189
Bit numb/ T YH\ ) de bit
within strin ; amming code bits
; pata bt
bi-binary code bi-binary code
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Safety Division

TECHNICAL STANDARDS

Part171 ATELc Volume 1

Figure B7.

Superframe structure
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Safety Division
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Part171 ATELc Volume 1
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TECHNICAL STANDARDS
(NAMCATS)

Part171 ATELc Volume 1
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