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71.051.1. Definitions

Compliancenotét | £ f NBFSNByOSa (2 awlRA2 wS3dzA I GA2Ya
by the International Telecommunication Union (ITU). Radio Regulations are amended from time

to time by the decisions embodied in the Final Acts of World Radiocommunicatifane@oes

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

9718).

Compliance note21 NAM-CATSATELPart 171.05.1 volume 1includes Standards and
Recommended Practices for certain forms of equipment for air navigation aids. Wiskriiee
Providerwill determine thenecessity for specific installations in accordance with the conditions
prescribed in the relevant Standard or Recommended Practice, review of the need for specific
installation and the formulation of ICAO opinion and recommendationsetwice providers
concerned is carried out periodically by Council, ordinarily on the basis of recommendations of
Regional Air Navigation Meetings (Doc 814Directives to Regional Air Navigation Meetings and
Rules of Procedure for their Conduct).

Compliance note8.t The terminology used in thiNAM-CATSATELto refer to instrument
approach operations is based on a previous version oAtimex 6 of instrument approach and
landing operations. It can be mapped to the Annex 6 definitions as 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 tt)
Category 1T 3D-Type B— CATII
Category III 3D-Type B — CATII

(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.

Compliance note Area navigation includes performanbased navigation as well as other
operations that do not meet the definition of performarz@sed navigation.

Effective acceptance bandwidtff.he range of frequencies with respect to the assigned frequency
for which reception is assured when all receiver tolerances have been taken into account.

Effective adjacent channel rejectiohe rejection that is obtained at the appropriate adjacent
channel frequency when all relevant receiver tolerances have been taken into account.
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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
impact on 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 point, measured 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 human performance.

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 note A 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 (RNBy)ecification A navigation specification 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.

Compliance notdt ThePerformancebased Navigation (PBN) Manu@&oc 9613), Volume I,
contains detailed guidance on navigation specifications.

6
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Compliance not€t ¢ KS (GSN)XY wbt3>X LINB@gAz2dzate RSFAYSR |
LISNF2NXYI yOS ySOSaalNE F2NJ 2LISNI GA2Y GAGKAY |
NAMCAT®&TELas the concept of RNP has been overtaken by the concept of PBN. The term RNP
in thisNAMCAT®&TELs now solely used in the context of navigation specifications that require
performance monitoring and alerting, e.g. RNP 4 refers to the aircraft and operating requirements,
including a 4 NM lateral performance with-toard performance monitoring and alerting that

are detailed in Doc 9613.

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

Compliance note Performance requirements are expressed in navigation specifications (RNAV
specification, RNP specification) in terms of accuracy, integrity, continuity, availability and
functionality needed for the proposed operation in the context of a particulgyaaesconcept.

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

Protected service volumeA part of the facility coverage where the facility provides a particular
service in accordance with relevant SARPs 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 note a ¢ 2 dzOKR2 gy ¢ | & RSTAYSR [0602@3S Aa 2yt
actual point at which the aircraft will touch the runway.

Z marker beaconA type of radio beacon, the emissions of which radiate in a verticatsbaped
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 aiusst be
a) the instrument landing system (ILS) conforming to the Standards contairigd.i51.3, 3.1;

b) the global navigation satellite system (GNSS) conforming to the Standards contained in
171.0513, 3.7;

c) the VHF omnidirectional radio range (VOR) conforming to the Standards contained in
171.0513, 3.3;

d) the nondirectional radio beacon (NDB) conforming to the Standards containgdliro51.3,
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 containgdir051.3, 3.6.

Compliance notdl.t 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.

Compliance not@.1 It 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 radiagadon aids and
evolution toward supporting performandmsed navigation will be in accordance with the
strategy shown in Attachment H.

Compliance not8.1 Categories of precision approach and landing operations are classified in
Annex 6, Part |, Chapter 1.
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Compliance noted4.t 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 Chapist (%
published 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 details of parts that
may be so usetdhustbe published in an Aeronautical Information Publication (AIP).

Compliance note This 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 satellite service 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 Recommendatiort A Service providethat approves GNS&sed operations should ensure
that GNSS data relevant to those operations are recorded.

Compliance noté.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-CATSATEL

Compliance not@.t 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 Recommendatiort Recordings should be retained for a period of at least 14 days. When the
recordings are pertinent to accident and incident investigations, they should be retained for longer
periods until it is evident that they will no longer be required.

171.051.2.1.5 Precision approach radar

171.0512.1.5.1 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
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efficient coordination of these elements with air traffic controlust conformto the Standards
contained in171.051.3, 3.2.

Compliance noté.t 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.

Compliance note2.t 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 air traffic control in handling aircraft intending to wadi@a
navigation aid, or for surveillance radar approaches and departures.

Recommendatiort  When a radio navigation aid is provided to support precision approach and
landing, it should be supplemented, as necessary, by a source or sources of guidance information
which, when used in conjunction with appropriate procedures, will provide effediidange to,

and efficient coupling (manual or automatic) with, the desired reference path.

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

Ground and flight testing

Radio navigation aids of the types covered by the specificatid74.i@51.3 and available for
use by aircraft engaged in international air navigatioust bethe subject of periodic ground and
flight tests.

Compliance note Guidance on the gtmdand flight testing of ICAO standard facilities, including
the periodicity of the testing, is contained in Attachment C and itvitneual on Testing of Radio
Navigation Aid¢Doc 8071).

Provision of information on the operational status of radio navigation services
Aerodrome control towers and units providing approach control semust beprovided with
information on the operational status of radio navigation services essential for 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.

10
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Compliance note Guidance material on the application of this Standard in the case of PBN
based operations supported by GNSS is contained iPdhfermancebased Navigation (PBN)

Manual(Doc 9613).

171.051.2.4 Power supply for radio navigation aids and communication systems

171.051.2.4.1 Radio navigation aids and ground elements of communication systems of the types specified in
NAM-CATSATELPart 171.05.1must be provided with suitable power supplies and means to

ensure continuity of service consistent with the use of the service(s) involved.

Compliance note Guidance material on power supply swimber is contained in Attachment

C, 8.

171.051.2.5 Human Factors considerations

171.051.2.5.1 Recommendatiort Human Factors principles should be observed in the design and certification

of radio navigation aids.

Compliance note Guidance material on Human Factors principles can be found iduhen
Factors Training Manu@Doc 9683and Circular 249Human Factors Digest No. 11 Human

Factors in CNS/ATM Systems).

171.051.3. Specifications For Radio Navigation Aids

Compliance note Specifications concerning the siting and construction of equipment and
installations on operational areas aimed at reducing the hazard to aircraft to a minimum are

contained iNAMCATSs 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.

11
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Back course sectof.he course sector which is situated on the opposite side of the localizer from
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 percentage 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 note The lower limit is set to 30 m (100 ft) below the minimum Category | decision
height (DH).

Facility Performance Category 1l 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 note The lower limit is set to 15 m (50 ft) below the minimum Category |l decision
height (DH).

Facility Performance Category iil ILS.An ILS which, with the aid of ancillary equipment where
necessary, provides guidance information from the coverage limit of the facility to, and along, the

surface of the runway.

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

12
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Half course sectofThe 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 0.0775.

Half ILS glide path sectofhe 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 0.0875.

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 of not 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 anglelThe 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 note The 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 glitle pa

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 radiating false guidamgeals.

L[ { t 2A goint oritheflld 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 2A pointoritheélld glide path measured along the extended runway centre line in
the approach direction a distance of 1 050 m (3 500 ft) from the threshold.

L[ { t 2Apgiitthiougs which the downward extended straight portion of the nominal ILS
glide path passes at a height of 30 m (100 ft) above the horizontal plane containing the threshold.

13
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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 2Apgiit4 m @2 fpabove the runway centre line and 600 m (2 000 ft) from the stop
end of the runway in the direction of the threshold.

Compliance note SeeAttachementC, Figure €.

L[ { NBFSNBYyOS ARbiitdre spedfiedheight 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 which coverage 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 systenA 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 localizer 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 note TheProcedures for Air Navigation Servigegiircraft Operation§PANSOPS)
(Doc 8168) provide guidance on the conduct of glide path verification checks.

171.0513.1.2.1.1 Recommendatiort Distance to threshold information to enable glide path verification
checks should be provided by either VHF marker beacons or distance measuring equipment (DME),
together with associated monitor systems and remote control and indicator equipment.

14
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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 conformto the specifications ir171.051.3.1.7. If DME is used in lieu of
marker beacons, the equipmemnust conformto the specifications i171.051.3.1.7.6.5.

Compliance note Guidance 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.

171.0513.1.2.1.3  Facility Performance Categories |, Il ard ILSmust provideindications 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 approachust beone of the designated remote control
points andmust receiveinformation 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 traffic services unit involved in the control of aircraft on the final approash
be one of the designated remote control points amdust receive information on the
operational status of the ILS, with a delay commensurate with the requirements of the
operational environment.

Compliance note 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 witil71.051.2.3.1).

171.0513.1.2.2 The IL8Bust beconstructed 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 appropriate, irrespective of the particular groutadlai®n in use.

171.051.3.1.2.3 The localizer and glide path components specifigdlirp51.3.1.2.1 a) and b) which form part
of a Facility Performance Categoryt | ILSmust complyat least with 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 specifigdlirp51.3.1.2.1 a) and b) which form part
of a Facility Performance Category llILSmust complywith the Standards applicable to these
15
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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 Performance
Category It ILS is prescribed.

171.0513.1.2.5 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 must otherwise
comply with the Standards applicable to these components in Facility Performance Categories |
and llt ILS, except as supplemented by the Standards/in051.3.1.3 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, thenli§ beso designed and maintained that the

probability of operation within the performance requirements specified is of a high value,
consistent with the category of operational performance 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 servicenust beat least Level 3, as defined in 3.1.3.12.4 (localizer) and 3.1.5.8.4 (glide
path).

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

171.0513.1.2.7 Atthose locations where two separate ILS facilities serve opposite ends of a singleandway,

operationally harmful interference would be present if both facilities were transmittang,
interlockmust ensurghat only the localizer serving the approach direction in omest radiate

Compliance notd.t 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 cuesrohitezy,

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

Compliance not@.1 Interference may also be caused by transmissions from other localizers not
serving the opposite end of the same runway (i.e. crossing, parallel or adjacent runways). In such
cases, use of interlock to prevent the interference can also be considered.
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Compliance not8 .1 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 ensurethat only one
facility must radiateat a time. When switching from one ILS facility to another, radiation from
both must besuppressed for not less than 20 seconds.

Compliance note Additional guidance material on the operation of localizers on the same
frequency channel is containedN\MCATS Part 171.05@hapter 4.

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 louazet

radiate when GBAS low 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 tmdesired signal ratiosnd the maximum adjacent channel power tolerable by

the GBAS VDB receiver.

Compliance note If 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 sddte interlock 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 localizers 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 a limited sector are installed, information from some suitably
located navigation aid, together with appropriate procedures, will generally be required to ensure
that any misleadig guidance infomation outside the sector is not operationally significant.

17
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171.051.3.1.3.1 General

171.0513.1.3.1.1 The radiation from the localizer antenna systerst producea composite field pattern which
is amplitude modulated by a 90 Hz and a 150 Hz tone. The radiation field pattestrproducea
course 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 tomast predominateon the
20aSNISNDa NARIKG KIFyR ImysRpredoihinate2z Rdz8 K8 2 2 a & SNIHEG
hand.

171.0513.1.3.1.3 All horizontal angles employed in specifying the localizer field patesi®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 operatein the band 108 MHz to 111.975 MHz. Where a single radio
frequency carrier is used, the frequency tolerameast notexceed plus or minus 0.005 per cent.
Where two radio frequency carriers are used, the frequency toleramest notexceed 0.002 per
cent and the nominal band occupied by the carrigrast be symmetrical about the assigned
frequency. With all tolerances applied, the frequency separation between the canmnigss not
be less than 5 kHz nor more than 14 kHz.

171.0513.1.3.2.2 The emission from the localimeust be horizontally polarized. The vertically polarized
component of the radiation on the course lineust notexceed 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 20
degrees 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 notexceed that which corresponds to a DDM error of 0.008
when an aircraft 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 0.02 DDM either side of the coursarum notexceed
18
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that which corresponds to a DDM error of 0.005 when an aircraft is in a roll attitude of 20 degrees
from the horizontal.

171.0513.1.3.2.3 For Facility Performance Category lll localizers, signals emanating from the tranmunsitter
containno components which result in an apparent course line fluctuation of more than 0.005
DDM peak to peak in the frequency band 0.01 Hz to 10 Hz.

171.051.3.1.3.3 Coverage

Compliance note Guidance 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 localizewust providesignals sufficient to allow satisfactory operation of a typical aircraft
installation within the localizer and glide path coverage sectors. The localizer coverage sector
must extendfrom the centre of the localizer antenna system to distances of:

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

18.5 km (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 minudelffee sector and 18.5 km
(10 NM) within the remainder of the coverage when alternative gational means provide
satisfactory coverage within the intermediate approach area. The localizer signeis be
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 higherept 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 tmgst beraised linearly from its height at 15
degrees to as high as 1 350 m (950 above the elevation of the threshold at 35 degrees from
the front course line. Such signamist bereceivable, to the distances specified, up to a surface
extending outward from the localizer antenna and inclined at 7 degrees above the horizontal.
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Compliance note Where intervening obstacles penetrate the lower surface, it is intended that
guidance need not be provided at less than-bfisight heights .

171.0513.1.3.3.2 In all parts of the coverage volume specifidd in051.3.1.3.3.1, other than as specified in
171.051.3.1.3.3.2.1171.051.3.1.3.3.2.2 and 71.051.3.1.3.3.2.3, the field strengtinust benot
less than 40 microvolts per metre (minus 114 dBW/m

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

171.051.3.1.3.3.2.1 For Facility Performance Category | localizers, the minimum field strength on the ILS glide
path and within the localizer course sector from a distance of 18.5 km (10 NM) to a heRfht of
m (L00ft) above the horizontal plane containing the threshoidst benot less than 90 microvolts
per metre (minus 107 dBW/f

171.0513.1.3.3.2.2 For Facility Performance Category Il localizers, the minimum field strength on the ILS glide
path and within the localizer course sectoust benot less than 100 microvolts per metre (minus
106 dBW/n?) at a distance of 18.5 km (10 NM) increasing to not less than 200 microvolts per
metre (minus 100 dBW/A at a height of 15 m (50 ft) above the horizontal plane containing the
threshold.

171.0513.1.3.3.2.3 For Facility Performance Category lll localizers, the minimum field strength on the ILS glide
path and within the localizer course sectoust benot less than 100 microvolts per metre (minus
106 dBW/nf) at a distance of 18.5 km (10 NM), increasing to not less than 200 microvolts per
metre (minus 100 dBW/@ at 6 m (20 ft) above the horizontal plane containing the threshold.
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 direction of the localizer, the field strengtrst benot less than
100 microvolts per metre (minus 106 dBWAm

Compliance note The field strengths given #v1.051.3.1.3.3.2.2 and.71.051.3.1.3.3.2.3 are
necessary to provide the sigratnoise ratio required for improved integrity.

171.051.3.1.3.3.3 Recommendatiort Above 7 degrees, the signals should be reduced to as low a value as
practicable.
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Compliance note 1.1 The requirements in171.0513.1.3.3.1, 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.

Compliance not@.1 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 the front course sector and the other providing a radiation
field pattern outside that sector, the ratio of the twaarrier signal strengths in space within the
front course sector to the coverage limits specified at 3.1.313u%t notbe less than 10 dB.

Compliance note Guidance material on localizers achieving coverage with two radio frequency
carriers is given in thEompliance notéo 171.051.3.1.3.11.2 and in 2.7 of Attachment C.

171.0513.1.3.3.5 Recommendatiormt For Facility Performance Category Il localizers, the ratio of the two
carrier signal strengths in space within the front course sector should not be less than 16 dB.

171.051.3.1.3.4 Course structure

171.0513.1.34.1 For Facility Performance Category | localizers, bends in the coursaudin@ot 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 Pomt “B” decreasing at a linear rate to

0.015 at ILS Point “B”

ILS Point “B” to
ILS Point “C” 0.015
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171.0513.1.3.4.2 For Facility Performance Categories Il and Il localizers, bends in the conmsstlimahave

amplitudes which exceed the following:

Zone

Outer limit of coverage to
ILS Point “A”

ILS Point “A” to
ILS Point “B”

ILS Point “B” to the
ILS reference datum

and. for Category III only:

ILS reference datum to
ILS Point “D”

ILS Point “D” to
ILS Point “E”

XIyR F2NJ CFOAfAGe
format)

t aiErRInventyCadidt be dotedecaulsicbof picture

Amplitude (DDM)
(95% probabilitv)

0.031

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

0.005

0.005

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

2yt

Compliance notdé.t 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.

Compliance not@.1 Guidance material relevant to the localizer course structure is given in 2.1.3,

2.1.5,2.1.6 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.
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171.0513.1.3.5.2 The depth of modulation of the radio frequency carrier due to each of the 90 Hz and 150 Hz
tonesmust bewithin the limits of 18 and 22 per cent.

171.0513.1.3.5.3 The following tolerancesist beapplied to the frequencies of the modulating tones:
a) the modulating tonesnust be90 Hz and 150 Hz within plus or minus 2.5 per cent;

b) the modulating tonesnust be90 Hz and 150 Hz within plus or minus 1.5 per cent for Facility
Performance
Category |l installations;

c) the modulating tonesnust be90 Hz and 150 Hz within plus or minus 1 per cent for Facility
Performance
Category lll installations;

d) the total harmonic content of the 90 Hz tomeust notexceed 10 per cent; additionally, for
Facility Performance Category Il localizers, the second harmonic of the 90 Hausheot
exceed 5 per cent;

e) the total harmonic content of the 150 Hz toneust notexceed 10 per cent.

171.051.3.1.3.5.3.1 Recommendatiort For Facility Performance Category ILS, the modulating tones should
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 notexceed 0.5 per cent. Harmonics of the 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 lineyst notexceed 0.05 per cent modulation
depth of the radio frequency ceder.

171.0513.1.3.5.3.3 The modulation tonesust be phaselocked 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,
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of phase relative to the 150 Hz component, every half cycle of the combined 90 Hz and 150 Hz
wave form.

Compliance noté.t The definition of phase relationship in this manner is not intended to imply
a requirement to measure the phase within the half course sector.

Compliance not@.1 Guidance material relative to such measurement is given at Figéref C
Attachment C.

171.0513.1.3.5.3.4 With twdrequency localizer system$71.051.3.1.3.5.3.3must applyto each carrier. In
addition, the 90 Hz modulating tone of one carmeust bephaselocked 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 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 camigsbephaselocked 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 i671.051.3.1.3.5.3.4 must be permitted. In this
alternative system, the 90 Hz to 90 Hz phasing and the 150 Hz to 150 Hz phasifgeadjusted

to their nominal values to within limits equivalent to those stated in 3.1.3.5.3.4.

Compliance note This is to ensure correct airborne receiver operation in the region away from
the course line where the two carrier signal strengths are approximately equal.
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171.051.171.051.3.1.3.5.3.6 Recommendatiormt The sum of the modulation depths of the radio frequency
carrier due to the 90 Hz and 150 Hz tones should not exceed 60 per cent or be less than 30 per cent
within the required coverage.

171.0513.1.3.5.3.6.1 For equipment first installed after 1 January 2000, the sum of the modulation depths of
the radio frequency carrier due to the 90 Hz and 150 Hz tomest notexceed 60 per cent or be
less than 30 per cent within the required coverage.

Compliance noté&.t 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.

Compliance not@.t For twofrequency 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 have a icagnif
contribution to the total modulation depth).

Compliance note8.1 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.

171.0513.1.3.5.3.7 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 tones notexceed 65 per
cent within 10 degrees of the course line amdist notexceed 78 per cent at any other point
around the localizer.

171.0513.1.3.5.4 Recommendatiort Undesired frequency and phase modulation on ILS localizer radio
frequency carriers that can affect the displayed DDM values in localizer receivers should be
minimized to the extent practical.
Compliance note Relevant 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 lineust beadjusted and maintained within limits equivalent to the
following displacements from the runway centre line at the ILS reference datum:
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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 7.5 m (25 ft);
c) for Facility Performance Category Il localizers: plus or minus 3 m (10 ft).

171.0513.1.3.6.2 Recommendatiort For Facility Performance Category Il localizers, the mean course line
should be 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.

Compliance notd.t It is intended 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 operation of the total ILS
ground system be of sufficient integrity to accomplish this aim.

Compliance not@.1 It is intended that newracility Performanc€ategory Il installations are to
meet the requirements df71.051.3.1.3.6.2.

Compliance not8.1 Guidance material on measurement of localizer course alignment is given in
2.1.3 of Attachment C. Guidance material on protecting localizer course alignment is given 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 sacistibe 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 adjusted as near as possible to that value. For Facility
Performance Category | localizers on runway codes 1 and 2, the nominal displacement sensitivity
mustbe achieved atthe ILSPY' i & . ¢ ® ¢ KS Y| EA YrdastnoOexa=ditsis & SO
degrees.

Compliance note Runway codes 1 and 2 are definetNiMCATs Part 139.
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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 I,
b) 10 per cent of the nominal value for Facility Performance Category lll.

171.0513.1.3.7.3 Recommendatiort For Facility Performance Category IIILS, displacement sensitivity
should be adjusted and maintained within the limits of plus or minus 10 per cent where practicable.

Compliance notelt The figures given in171.0513.1.3.7.1, 171.051.3.1.3.7.2 and
171.051.3.1.3.7.3 are based upon a nominal sector width of 210 m (700 ft) at the appropriate
LRAYGSES ADdSd L[{ t2Ayd da.¢ 2y Nizygl & O2RSa m

Compliance note21 Guidance material on the alignment and displacement sensitivity of
localizers using two radio frequency carriers is given in 2.7 of Attachment C.

Compliance not8.1 Guidance material on measurement of localizer displacement sensitivity is
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, thenkBiviot be less
than 0.180. From plus or minus 10 degrees to plus or minus 35 degrees, thenD&Ikbt 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 course settost not be less than 0.155.

Compliance notd.t The linearity of change of DDM with respect to angular displacement is
particularly important in the neighbourhood of the course line.

Compliance note.t The above DDM in the 13b degree 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 intercepisesdtionally
desirable distances provided that limits on modulation percentage giv&il951.3.1.3.5.3.6

are met.
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Compliance not8.1 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 false localizer captures.

171.051.3.1.3.8 Voice

171.0513.1.3.8.1 Facility Performance Categories | and Il localizers may provide atgraimmdiotelephone
communication channel to be operated simultaneously with the navigation and identification
signals, provided that such operationust notinterfere in any way with the basic localizer
function.

171.051.3.1.3.8.2 Facility PerformanceCategory Il localizeraust notprovide such a channel, except where
extreme care has been taken in the design and operation of the facility to ensure that there is no
possibility of interference with the navigational guidance.

171.051.3.1.3.8.3 If the channel is providednitist conformwith the following Standards:
171.0513.1.3.8.3.1 The chanmalust beon the same radio frequency carrier or carriers as used for the localizer
function, and the radiatiomust behorizontally polarized. Where two carriers are modulated with

speech, the relative phases of the modulations on the two carriarst besuch 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
communicationsnust notexceed 50 per cent buhust beadjusted 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 notexceed 95 per cent.

171.0513.1.3.8.3.3 The audio frequency characteristics of the radiotelephone chamsebeflat 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

171.051.3.1.3.9.1 The localizenust providefor the simultaneous transmission of an identification signal,
specific to the runway and approach direction, on the same radio frequency carrier or carriers as
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used for the localizer function. The transmission of the identification signat notinterfere in
any way with the basic localizer function.

171.0513.1.3.9.2 The identification sigmalist beproduced by Class A2A modulation of the radio frequency
carrier or carriers using a modulation tone of 1 020 Hz within plus or minus 50 Hz. The depth of
modulationmust bebetween the limits of 5 and 15 per cent except that, where a radiotelephone
communication channel is provided, the depth of modulatinast beadjusted so that the ratio
of peak modulation depth due to radiotelephone communications to that due to the identification
signal modulatioris approximately 9 1 (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 modulationsst be such as to avoid the
occurrence of nulls within the coverage of the localizer.

171.0513.1.3.9.3 The identification sigmaust employthe International Morse Code and consist of two or
GKNBS tSGGiGSNA® LG YIe 068 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 sigmalst betransmitted by dots and dashes at a speed corresponding to
approximately seven words per minute, amlist berepeated at approximately equal intervals,
not less than six times per minute, at all times during which the localizer is available for
operational use. When the transmissions of the localizer are not available for operational use, as,
for example, afterremoval of navigation components, or during maintenance or test
transmissions, the identification siglmust besuppressed. The dotmust havea duration of 0.1
second to 0.160 second. The dash duratmonst betypically three times the duration of a dot.
The interval between dots and/or dashesist beequal to that of one dot plus or minus 10 per
cent. The interval between letteraust notbe less than the duration of three dots.

171.051.3.1.3.10 Siting

Compliance note Guidance 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 antennaraystdnelocated

on the extension on the centre line of the runway at the stop end, and the equipmest be
adjusted so that the course lines will be in a vertical plane containing the centre line of the runway
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served. The antenna height and locatiorust be consistent with safe obstruction clearance
practices.

171.0513.1.3.10.2  For Facility Performance Category I, the localizer antenna systeinbelocated and
adjusted as i171.051.3.1.3.10.1, unless site constraints dictate that the antenna be offset from
the centre line of the runway.

171.0513.1.3.10.2.1 The offset localizer systemst belocated and adjusted in accordance with the offset ILS
provisions of theProcedures for Air Navigation Servicedircraft Operation§PANSOPS) (Doc
8168), Volume II, and the localizer standardast bereferenced to the associated fictitious
threshold point.

171.051.3.1.3.11 Monitoring

171.0513.1.3.11.1 The automatic monitor systenust providea 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 statedlinl1.051.3.1.3.11.2 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 bethe following:

a) for Facility Performance Category | localizers, a shift of the mean course line 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 from the runway
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 reference datum;

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
171.0513.1.3.3,171.051.3.1.3.4 0r171.051.3.1.3.5 are no longer satisfied, or to a level that

is less than 50 per cent of the normal level (whichever occurs first);
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e) in the case of localizers in which the basic functions are provided by the use ofi@tumency

system, a reduction of power output for either carrier to less than 80 per cent of normal, except
that a greater reduction to between 80 per cent and 50 pamtcof normal may be permitted,
provided the localizer continues to meet the requirements @G71.051.3.1.3.3,
171.051.3.1.3.4 and 3.1.3.5;

Compliance note It is important to recognize that a frequency change resulting in a loss of
the frequency difference specified%id1.051.3.1.3.2.1 may produce a hazardous condition.
This problem is of greater operational significanceFaxilityPerformanceCategories Il and
installations. As necessary, this problem can be dealt with through special monitoring
provisions or highly reliable circuitry.

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

Compliance note In selecting the power reduction figure to be employed in monitoring
referred to in171.051.3.1.3.11.2 e), particular attention is directed to vertical and horizontal
lobe structure (vertical lobing due to different antenna heights) of the combined radiation
systems when two carriers are employed. Large changes in the power ratio between carriers
may result in low clearance areas and false courses in thepafée areas to the limits of the
vertical coverage requirements specified #1.05.1.3.1.3.3.1.

171.0513.1.3.11.2.1 Recommendatiort In the case of localizers in which the basic functions are provided by
the use of a twerequency system, the conditions requiring initiation of monitor action should
include the case when the DDM in the required coverage beyond plus or minus 10 degnees fr
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), c), d), e) and )1Gf1.051.3.1.3.11.2must beas short as practicable,
consistent with the need for avoiding interruptions of the navigation service provided by the
localizer.

171.051.3.1.3.11.3.1 The total period referred to undér1.051.3.1.3.11.3nust notexceed under any
circumstances:

10 seconds foFacility PerformanceCategory | localizers;
31



TECHNICAL STANDARDS

¥ Namibia Civil Aviation Authority (NAMCATS)
K Safety Division
NCA

A Part 171: ATENolume 1

NAMIBIA CIVIL AVIATION AUTHORITY

5 seconds foFacility PerformanceCategory Il localizers;
2 seconds foFacility Performanc€ategory Il localizers.

Compliance notd.t 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 localizer guidance outside the monitor limits. For this reason, they inchidenly the initial

period of outside tolerance operation but also the total of any or all periods of outside tolerance
radiation including period(s) of zero radiation and time required to remove the navigation and
identification componers from the carrier, which might occur during action to restore service, for
example, in the course of consecutive monitor functioning and consequent changeover(s) to
localizer equipment or elements thereof.

Compliance not2.t 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.

171.0513.1.3.11.3.2 Recommendatiomt Where practicable, the total period undéi71.051.3.1.3.11.3.1
should be reduced s&s not to exceed two seconds feacility Performanc€ategory Il localizers
and one second fd¥acility PerformanceCategory 1l localizers.

171.051.3.1.3.11.4 Design and operation of the monitor sysieust beconsistent with the requirement that
navigation guidance and identification will be removed and a warning provided at the designated

remote control points in the event of failure of the monitor system itself.

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

171.051.3.1.3.12 Integrity and continuity of servidevels andrequirements

171.0513.1.3.12.1 A localizermust be assigned a level of integrity and continuity of service as given in
171.0513.1.3.12.210171.0513.1.3.12.5.
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Compliance note Levels 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 &eai operational
factors (e.g. aircraft and crew qualification, meteorological conditions, and runway features). If a
localizer does not meet its required integrity and continuity of service level, some operational use
may still be possible, as statedtire Manual of AlWeather OperationgDoc 9365), Appendix C

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

174.04.1.3.1.3.12.2 The localizer lenrlist beLevel 1 if either:

1) the | ocalizerds integrity of service or its c

2) the | ocalizerd6s integrity of service and its
of them does not meet the requirements of Level 2.

171.0513.1.3.12.21 Recommendatiort The probability of not radiating false guidance signals should not be
less than X 1.0 x 16’ in any one landing fot.evel llocalizers.

171.0513.1.3.122.2 Recommendatiort The probability of not losing the radiated guidance signal should
exceed I¢ 4 x 10°in any period of 15 seconds foevel llocalizers (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.

171.051.3.1.3.12.2.3 Recommendatiort In the event that the integrity value for a Level 1 localizer is not
available or cannot be readily calculated, a detailed analysis should be performed to assure proper
monitor failsafe operation.

¢ the probability of not radiating false guidance signals is not less tlggh@ x 1@7 in any one
landing; and

¢ the probability of not losing the radiated guidance is greater thamix 1@6 in any period of
15 seconds (equivalent to 1 000 hours mean time between outages).
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174.04.1.3.1.3.12.4 The localizer lenrlist beLevel 3 if:

@ the probability of not radiating false guidance signals is not less tlggh 3 x 1@9 in any one
landing; and

@ the probability of not losing the radiated guidance is greater thar21x 1@6 in any period of
15 seconds (equivalent to 2 000 hours mean time between outages).

174.04.1.3.1.3.12.5 The localizer lenrlst beLevel 4 if:

¢ the probability of not radiating false guidance signals is not less tlggh 4 x 1@9 in any one
landing; and

¢ the probability of not losing the radiated guidance is greater thar2lx 1@6 in any period of
30 seconds (equivalent to 4 000 hours mean time between outages).

Compliance notag Guidance material oways to achieventegrity 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 systemt provideadequate immunity to interference from two

signal third orderintermodulation products caused by VHF FM broadcast signals having levels in
accordance with the following:

2Ni+ N+ 724D
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, thirdorder intermodulation product on the desired ILS localizer frequency.

34



TECHNICAL STANDARDS

W Namibia Civil Aviation Authority (NAMCATYS)
K Safety Division
NCA

A Part 171: ATENOolume 1

NAMIBLA CIVIL AVIATION AUTHORITY

N: andN; are the levels (dBm) of the two VHF FM sound broadcasting signals at the ILS localizer
receiver input. Neither levehust exceedhe desensitization criteria set forth t¥1.051.3.1.4.2.

nf = 108.1¢ f1, where f is the frequency of N the VHF FM sound broadcasting signal closer to
108.1 MHz.

171.0513.1.4.2 The ILS localizer receiving systerst notbe desensitized in the presence of VHF FM broadcast
signals having levels in accordance with the following table:

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

Compliance not@.1 Guidance material on immunity criteria to be used for the performance
quoted in171.051.3.1.4.1 andlL71.051.3.1.4.2 is contained in Attachment C, 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 systesh producea composite field pattern
which is amplitude modulated by a 90 Hz and a 150 Hz tone. The patigshbearranged to
provide a straight line descent path in the vertical plane containing the centre line of the runway,
with the 150 Hz tone predominating below the path and the 90 Hz tone predominating above the
path to at least an angle equal to 1.75

171.0513.1.5.1.2 Recommendatiort The ILS glide path angle should be 3 degrees. ILS glide path angles in
excess of 3 degrees should not be used except where alternative means of satisfying obstruction
clearance requirements are impracticable.

171.0513.1.5.1.2.1 The glide path anghest beadjusted and maintained within:

a) 0.075" from* for Facility Performance Categories | amd lILS glide paths;
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b) 0.04° from* for Facility Performance CategorytlllILS glide paths.

Compliance noté.t Guidance material on adjustment and maintenance of glide path angles is
given in 2.4 of Attachment C.

Compliance not8.1 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
Gbh.

Compliance not8.1 Guidance material relevant to protecting the ILS glide 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 gliderpatit passhrough 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.

171.0513.1.5.1.5 Recommendationt The height of the ILS reference datum for Facility Performance Category
It ILS should be 15 m (50 ft). A tolerance of plus 3 m (10 ft) is permitted.

Compliance notel.t 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. Foftaxaeeding

this criterion, appropriate steps may have to be taken either to maintain adequate clearance at
threshold or to adjust the permitted operating minima.

Compliance not@.1 Appropriate guidance material is given in 2.4 of Attachment C.

171.0513.1.5.1.6 Recommendationt The height of the ILS reference datum for Facility Performance Category
I T ILS used on short precision approach runway codes 1 and 2 should be 12 m (40 ft). A tolerance
of plus 6 m (20 ft) is permitted.

171.051.3.1.5.2 Radio frequency

171.0513.1.5.2.1 The glide path equipmentist operatein the band 328.6 MHz to 335.4 MHz. Where a single

radio frequency carrier is used, the frequency toleranugst notexceed 0.005 per cent. Where
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two carrier glide path systems are used, the frequency toleranast notexceed 0.002 per cent
and the nominal band occupied by the carrigraust be symmetrical about the assigned
frequency. With all tolerances applied, the frequency separation between the camigss not
be less than 4 kHz nor more than 32 kHz.

171.051.3.1.5.2.2 The emission from the glide path equipmenmtist behorizontally polarized.

171.0513.1.5.2.3 For Facility Performance Category ILS glide path equipment, signals emanating from the
transmittermust containno components which result in apparent glide path fluctuations of more
than 0.02 DDM peak to peak in the frequency band 0.01 Hz to 10 Hz.

171.051.3.1.5.3 Coverage

171.051.3.1.5.3.1 The glide path equipmeantst providesignals sufficient to allow satisfactory operation of a
typical aircraft installation in sectors of 8 degrees in azimuth on each side of the centre line of the
ILS glide path, to a distance of at least 18.5 km (10 NM) up to' land down to 0.45 above
the horizontal or to such lower angle, down to 0.30as required to safeguard the promulgated
glide path intercept procedure.

171.0513.1.5.3.2 In order to provide the coverage for glide path performance specifietlif51.3.1.5.3.1,
the minimum field strength within this coverage sectoust be400 microvolts per metre (minus
95 dBW/n¥). For Facility Performance Category | glide paths, this field stremgghbeprovided
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 strengtt beprovided down to a height
of 15 m (50ft) above the horizontal plane containing the threshold.

Compliance noté.t The requirements in the foregoing paragraphs are based on the assumption
that the aircraft is heading directly toward the facility.

Compliance not@.1 Guidance material on significant airborne receiver parameters is given in
2.2 of Attachment C.

Compliance not@.1 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
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171.0513.1.5.4.1 For Facility Performance CategarylLS glide paths, bends in the glide pathst nothave
amplitudes which exceed the following:

Amplitude (DDM)
Zone (95% probability)

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 have amplitudes which exceed the following:

Amplitude (DDM)
Zone (95% probability)

Outer limit of coverage to

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

0.023 at ILS Point “B”

ILS Point “B” to the
ILS reference datum 0.023

Compliance notd.t The amplitudes referred to #71.051.3.1.5.4.1 andl71.051.3.1.5.4.2 are
the DDMs due to bends as realized on the mean ILS glide path correctly adjusted.

Compliance not@.1 Inregions of the approach where ILS glide path curvature is significant, bend
amplitudes are calculated from the mean curved path, and not the downward extended straight
line.

Compliance not8.1 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.
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171.051.3.1.5.5 Carrier modulation

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 be40 per cent along the ILS glide path. The depth of modulatiast not
deviate outside the limits of 37.5 per cent to 42.5 per cent.

171.0513.1.5.5.2 The following tolerancesist beapplied to the frequencies of the modulating tones:

a) the modulating tonesnust be90 Hz and 150 Hz within 2.5 per cent for Facility Performance
Category t ILS;

b) the modulating tonesnust be90 Hz and 150 Hz within 1.5 per cent for Facility Performance
Category It ILS;

c) the modulating tonesnust be90 Hz and 150 Hz within 1 per cent for Facility Performance
Category IIt ILS;

d) the total harmonic content of the 90 Hz tomaust notexceed 10 per cent: additionally, for
Facility Performance Category Il equipment, the second harmonic of the 90 Hntshaot
exceed 5 per cent;

e) the total harmonic content of the 150 Hz tonsust notexceed 10 per cent.

171.051.3.1.5.5.2.1 Recommendatiort For Facility Performance Category ILS, the modulating tones should
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 lll glide path equipment, the depth of amplitude
modulation of the radio frequency carrier at the power supply frequency or harmonics, or at other

noise frequenciesnust notexceed 1 per cent.

171.0513.1.5.5.3 The modulatiomust bephaselocked so that within the ILS half glide path sector, the
demodulated 90 Hz and 150 Hz wave forms pass through zero in the same direction within:

a) for Facility Performance Categories | amd lILS glide paths: 20 degrees;

b) for Facility Performance CategorytlllILS glide paths: 10 degrees,
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of phase relative to the 150 Hz component, every half cycle of the combined 90 Hz and 150 Hz
wave form.

Compliance notd.t The definition of phase relationship in this manner is not intended to imply
a requirement for measurement of phase within the ILS half glide path sector.

Compliance not@.1 Guidance material relating to such measures is given at FigarefC
Attachment C.

171.0513.1.5.5.3.1 With twdrequency glide path system&71.051.3.1.5.5.3must applyto each carrier. In
addition, the 90 Hz modulating tone of one carmeust bephaselocked 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€ategory Ilt ILS glide paths: 10 degrees,

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

1) for Facility PerformanceCategories | and tl ILS glide paths: 20 degrees;
2) for Facility PerformanceCategory It 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 condition described i171.051.3.1.5.5.3.1 must be permitted. In these
alternative systems, the 90 Hz to 90 Hz phasing and the 150 Hz to 150 Hz phagtibgadjusted

to their nominal values to within limits equivalent to those stated #1.051.3.1.5.5.3.1.

Compliance note This is to ensure correct airborne receiver operation within the glide path
sector where the two carrier signal strengths are approximately equal.
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171.0513.1.5.5.4 Recommendatiom Undesired frequency and phase modulation on ILS glide path radio
frequency carriers that can affect the displayed DDM values in glide path receivers should be
minimized to the extent practical.

Compliance note Relevant guidance material is given in 2.15 of Attachment C.

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 correspondo a DDM of 0.0875 at angular displacements above and below the
glide path between 0.07 and 0.14 .

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

171.0513.1.5.6.2 Recommendatiomt For Facility Performance Category IILS glide paths, the nominal
angular displacement sensitivity should correspond to a DDM of 0.0875 at an angular
displacement below the glide path of 0.12vith a tolerance of plus or minus 0.02 The upper
and lower sectors should be as symmetrical as practicable within the limits specified in
171.051.3.1.5.6.1.

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 sensgitiviy
correspondo a DDM of 0.0875 at an angular displacement of:
a) 0.12° below path with a tolerance of plus or minus 0.G2
b) 0.12° above path with a tolerance of plus 0.02nd minus 0.05

171.0513.1.5.6.4 For Facility Performance Category IILS glide paths, the nominal angular displacement
sensitivitymust correspondo a DDM of 0.0875 at angular displacements above and below the
glide path of 0.12 with a tolerance of plus or minus 0.02

171.0513.1.5.6.5 The DDM below the ILS glide patist increasesmoothly for decreasing angle until a value
of 0.22 DDM is reached. This valmest beachieved at an angle not less than 0:38bove the

horizontal. However, if it is achieved at an angle above 0,46e DDM valuenust notbe less
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than 0.22 at least down to 0.45or to such lower angle, down to 0.3Qas required to safeguard
the promulgated glide path intercept procedure.

Compliance note The limits of glide path equipment adjustment are pictorially represented in
Figure €11 of Attachment C.

171.0513.1.5.6.6  For Facility Performance CategaryILS glide paths, the angular displacement sensitivity
must beadjusted and maintained within plus 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
must beadjusted and maintained within plus or minus 20 per cent of the nominal value selected.

171.0513.1.5.6.8 For Facility Performance Categony LS glide paths, the angular displacement sensitivity
must beadjusted 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 systenust providea warning to the designated control points and
cause radiation to cease within the periods specifietiih.051.3.1.5.7.3.1 if any of the following
conditions persist:

a) shift of the mean ILS glide path angle equivalent to more than minus 0.6¢%lus 0.10
from*;

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 normal, provided
the glide path continues to meet the requirements 471.0513.1.5.3, 3.1.5.4 and
171.051.3.1.5.5;

¢) 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 for either carrier to less than 80 per cent of
normal, except that a greater reduction to between 80 per cent andeés@pnt of normal may
be permitted, provided the glide path continues to meet the requirements/df.051.3.1.5.3,
171.0513.1.5.4 andl71.051.3.1.5.5;

Compliance note It is important to recognize that a frequency change resulting in a loss of
the frequency difference specifiedii1.051.3.1.5.2.1 may produce a hazardous condition.

This problem is of greater operatiorggnificance foFacility Performanc€ategories Il and
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installations. As necessary, this problem can be dealt with through special monitoring
provisions or highly reliable circuitry.

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:

i) LJX dza 2 NJ YAYydza ndnoTtp T 2N

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 more than 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
0.7475' from horizontal;

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

Compliance notd.t The value of 0.7475 from 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 significant figures 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 Serviagedircraft Operations (PANSPS){Doc 8168).

Compliance not@.1 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-batftor below 0.7475
‘ from horizontal.

Compliance not@.1 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 in71.051.3.1.5.6, it may be necessary to adjust the monitor operating limits to
protect against sector deviations below 0.7478om horizontal.
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Compliance notd.1 Guidance material relating to the condition described in g) appears in
Attachment C, 2.4.11.

171.0513.1.5.7.2 Recommendatiort Monitoring of the ILS glide path characteristics to smaller tolerances
should be 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 ir171.051.3.1.5.7.1must beas short as practicable, consistent with the need for
avoiding interruptions of the navigation service provided by the ILS glide path.

171.051.3.1.5.7.3.1 The total period referred to undét1.051.3.1.5.7.3must notexceed under any
circumstances:

6 seconds foFacility Performanc€ategory & ILS glide paths;
2 seconds foFacility Performanc€ategories Il and fil ILS glide paths.

Compliance notd.t 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, ttiagemnot only 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 obnsecutive monitor functioning and consequent
changeovers to glide path equipment or elements thereof.

Compliance not@.1 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.

171.0513.1.5.7.3.2 Recommendatiort Where practicable, the total period specified under
171.051.3.1.5.7.3.1 forFacility Performanc€ategories Il and Itl ILS glide paths should not
exceed 1 second.

171.051.3.1.5.7.4 Design and operation of the monitor systanst beconsistent with the requirement that

radiationmust ceasend a warningnust beprovided at the designated remote control points in
the event of failure of the monitor system itself.
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Compliance note Guidance material on the design and operation of monitor systems is given in
2.1.7 of Attachment C.

171.051.3.1.5.8 Integrity and continuity of servicdevels andrequirements

171.0513.1.5.8.1 A glide pathmust beassigned a level of integrity and continuity of service as given in
174.04.13.1.5.8.210171.051.3.1.5.8.5.

Compliance note Levels 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 dewai operational
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.

171.051.3.1.5.8.2The glide path levehust beLevel 1 if either

1) the glide pathodés integrity of service or it
or

HO GKS 3tARS LI GKQa AydSaNRmRdGe 2demoasSaedrord& | yR

least one of them does not meet the requirements of Level 2.

171.0513.1.5.8.21 Recommendatiort The probability of not radiating false guidance signals should not be

less than X 1.0 x 16" in any one landing fdrevel 1glide paths.

171.051.3.1.5.82.2 Recommendatiort The probability of not losing the radiated guidance signal should
exceed I 4 x 10°in any period of 15 seconds fbevel Iglide paths (equivalent to 1 000 hours
mean time between outages).
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Compliance note A 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 thereforiddatlied
as Level 2.

171.051.3.1.58.2.3 Recommendatiort In the event that the integrity value for a Level 1 glide path is not

available or cannot be readily calculated, a detailed analysis should be performed to assure proper
monitor failsafe operation.

171.051.3.1.5.83 The glide path levehust belLevel 2 if:

¢ the probability of not radiating false guidance signals is not less tlgh@ x 1@7 in any one
landing; and

¢ the probability of not losing the radiated guidance is greater4lx 1@6 in any period of 15
seconds (equivalent to 1 000 hours mean time between outages).

171.051.3..1.5.8.4  The glide path levehust beLevel 3 or 4 if:

¢ the probability of not radiating false guidance signals is not less tlggh 4 x 1@9 in any one
landing; and

¢ the probability of not losing the radiated guidance is greater thar2lx 1@6 in any period of
15 seconds (equivalent to 2 000 hours mean time between outages).

Compliance notel.t The requirements for glide path Level 3 and Level 4 are the same. The
declaration of the glide path integrity and continuity of service levels should match the declaration
of the localizer (i.e. the glide path is declared as Level 4 if the localigezeting Level 4).

Compliance not@.1 Guidance material oways to achievantegrity and continuity of service is
given in 2.8 of Attachment C.

171.051.3.1.6 Localizer and glide path frequency pairing

46



TECHNICAL STANDARDS

)f Namibia Civil Aviation Authority (NAMCATYS)
K Safety Division
NCA

A Part 171: ATENOolume 1

NAMIBLA CIVIL AVIATION AUTHORITY

171.0513.1.6.1 The pairing of the runway localizer and glide path transmitter frequencies of an instrument
landing systenmust betaken from the following list in accordance with the provisions of Volume
V, Chapter 4, 4.2:

Localizer Glide path Localizer Glide path
(MHz) (MHz) (MHz) (MHz)
108.1 3347 110.1 3344
108.15 334.55 110.15 334.25
108.3 334.1 110.3 335.0
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 3305 110.7 330.2
108.75 330.35 110.75 330.05
108.9 3293 110.9 330.8
108.95 329.15 110.95 330.65
109.1 3314 1111 331.7
109.15 331.25 111.15 331.55
109.3 332.0 111.3 3323
109.35 331.85 111.35 332.15
109.5 332.6 111.5 3329
109.55 332.45 111.55 332.75
109.7 3332 111.7 3335
109.75 333.05 111.75 333.35
109.9 333.8 111.9 331.1
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, ntusy be
selected sequentially, as required, from the following list:

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

© 0O NO OB WN -
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10 110.5 329.6
11 108.1 334.7
12 108.3 334.1
13 108.5 329.9
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
20 111.9 331.1

171.0513.1.6.2  Where existing ILS localizers meeting national requirements are operating on frequencies
ending in even tenths of a megahertz, theyust bereassigned frequencies, conforming with
171.0513.1.6.1 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.

171.0513.1.6.3 Existing ILS localizers in the international service operating on frequencies ending in odd tenths
of a megahertanust notbe assigned new frequencies ending in odd tenths plus one twentieth of
a megahertz except where, by regional agreement, general use may be made of any of the
channels listed in71.051.3.1.6.1 (see Volume V, Chapter 4, 4.2).

171.051.3.1.7 VHF marker beacons

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

171.051.3.1.7.1 General

a) Theremust betwo marker beacons in each installation except where, in the opinion of the
Competent Authority, a single marker 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 conformto the requirements prescribed ih71.051.3.1.7. When the
installation comprises only two marker beacons, the requirements applicable to the middle
marker and to the outer markenust becomplied with. When the installation comprises only
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one marker beacon, the requirements applicable to either the middle or the outer marksr
be complied with. If marker beacons are replaced by DME, the requirements of

171.051.3.1.7.6.5must apply

c) The marker beaconmaust produceradiation 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 localizer, it

mustconform with the marker beacon characteristics specifiet4h.051.3.1.7.

171.051.3.1.7.1.2 Identification signals of marker beacons used in conjunction with the back course of a localizer
must beclearly distinguishable from the inner, middle and 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 operateat 75 MHz with a frequency tolerance of plus or minus
0.005 per cent andhustutilize horizontal polarization.

171.051.3.1.7.3 Coverage

171.0513.1.7.3.1 The marker beacon systemst beadjusted 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 plus or minus 325 ft);

c) outer marker:600 m plus or minus 200 m (2 000 ft plus or minus 650 ft).

171.0513.1.7.3.2 The field strength at the limits of coverage specifiedir051.3.1.7.3.1must bel.5 millivolts

per metre (minus 82 dBW/fA\ In addition, the field strength within the coverage areast rise

to at least 3.0 millivolts per metre (minus 76 dBWJm

Compliance notd.t In the design of the ground antenna, it is advisable to ensure 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 \virstiabtion.
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Compliance note.1 Satisfactory operation of a typical 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 dBWm

171.051.3.1.7.4 Modulation

171.0513.1.7.4.1 The modulation frequenciasist beas follows:
a) inner marker3 000 Hz;
b) middle markerd 300 Hz;
c) outer marker400 Hz.

The frequency tolerance of the above frequenaiegst beplus or minus 2.5 per cent, and the
total harmonic content of each of the frequenciesist notexceed 15 per cent.

171.0513.1.7.4.2 The depth of modulation of the markergst be95 per cent plus or minus 4 per cent.

171.051.3.1.7.5 Identification

171.0513.1.7.5.1 The carrier energywst notbe interrupted.The audio frequency modulatianust bekeyed
as follows:

a) inner marker6 dots per second continuously;

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 marker2 dashes per second continuously.
These keying ratasiust bemaintained to within plus or minus 15 per cent.

171.051.3.1.7.6 Siting

171.0513.1.7.6.1 The inner marketust belocated 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 Recommendatiort If the radiation pattern is vertical, the inner marker should 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.

Compliance noté.t Itis intended that the inner marker pattern should intercept the downward
extended straight portion of the nominal ILS glide path at the lowest decision height applicable in
Category |l operations.

Compliance not@.1 Care must be exercised in siting the inner marker to avoid interference
between the inner and middle markers. Details regarding the siting of inner markers are contained
in Attachment C, 2.10.

171.051.3.1.7.6.1.2 Recommendatiort If the radiation pattern is other than vertical, the equipment should be
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 andeldcet
prescribed ir171.051.3.1.7.6.1.1.

171.0513.1.7.6.2 The middle markenust belocated so as to indicate the imminence, in low visibility
conditions, of visual approach guidance.

171.051.3.1.7.6.2.1 Recommendatiort If the radiation pattern is vertical, the middle marker should be 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 line ofitireay.

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

171.051.3.1.7.6.2.2 Recommendatiort If the radiation pattern is other than vertical, the equipment should be
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 andeldces
prescribed in 3.1.7.6.2.1.

171.051.3.1.7.6.3 The outer marketustbe located so as to provide height, distance and equipment functioning
checks to aircraft on intermediate and final approach.
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171.051.3.1.7.6.3.1 Recommendatiort The outer marker should be located 7.2 km (3.9 NM) from the threshold
except 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.

171.051.3.1.7.6.4 Recommendation. If the radiation pattern is vertical, the outer marker should 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 equipment should be located so as to produce a field withinahese 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 provisiondN&fMCATs Part 175

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 paired with
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 ih71.051.3.5.

171.0513.1.7.7 Monitoring

171.0513.1.7.7.1  Suitable equipmentust 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.

171.0513.1.7.7.2 Recommendationn. For each marker beacon, suitable monitoring equipment should 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 nota Slant distances are used throughout this specification.
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171.0513.2.1 The precision approach radar systaeustcomprise the following elements:
171.051.3.2.1.1 The precision approach radar element (PAR).
171.051.3.2.1.2 The surveillance radar element (SRE).

171.0513.2.2 When the PAR only is used, the installatiust be identified by the term PAR or precision
F LILINBF OK NYRFENJFYR y2G 06& GKS GSNXY aGaLINSOAAAZ

Compliance note Provisions for the recording and retention of radar data are contained in
NAMCATSs 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 becapable of detecting and indicating the position of an aircraft of 25 m
echoing area or larger, which is within a space bounded by@g€ee azimuth sector and a 7
degree elevation sector, to a distance of at least 16.7 km (9 NM) from its respective antenna.

Compliance note For guidance in determining the significance of the echoing areas of aircraft,
the following table is included:

private flyer (singleengined)5 to 10 n%;
small twinengined aircraftfrom 15 n¥;
medium twinengined aircraftfrom 25 nf;
four-engined aircraftfrom 50 to 100

171.051.3.2.3.2 Siting

171.0513.2.3.2.1 The PARust besited and adjusted so that it gives complete coverage 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 azimutlandrfinus
1 degree to plus 6 degrees in elevation.
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Compliance noté.t Paragraphl71.051.3.2.3.2.1 can be met by siting the equipment with a set
back from the 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,
for an offset of 185 m (600 ft) when the equipment is aligned to scan plus 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 lithe afinway, then the minimum set

back can be reduced to 685 m (2 250 ft) and 915 m (3 000 ft) for offsets of 120 m (400 ft) and 185
m (600 ft) respectively.

Compliance not@.1 Diagrams illustrating the siting of PAR are given in Attachment C (Figures
G14 to G17 inclusive).

171.051.3.2.3.3 Accuracy

171.051.3.2.3.3.1 Azimuth accuracyAzimuth informationmust bedisplayed in such a manner that lefght
deviation from the orcourse linanust beeasily observable. The maximum permissible error with
respect to the deviation from the ecoourse linemust beeither 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 equipmemust beso sited that the error at the touchdowmust notexceed 9 m
(30 ft). Theequipmentmust beso aligned and adjusted that the displayed error at the touchdown
must bea minimum andmust notexceed 0.3 per cent of the distance from the PAR antenna or
4.5 m (15 ft), whichever is greater.ntust bepossible 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 accurac¥levation informatiormust bedisplayed in such a manner that-dpwn
deviation from the descent path for which the equipment is seist beeasily observable. The
maximum permissible error with respect to the deviation from thecmuirse linemust be0.4 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 equipmesitbeso sited that
the error at the touchdowrmust notexceed 6 m (20 ft). The equipmemiust beso aligned and
adjusted that the displayed error at the touchdownrust bea minimum andnust notexceed 0.2
per cent of the distance from the PAR antenna or 3 m (10 ft), whichever is greatauisttbe
possible to resolve the gitions 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 touchdowrst not
exceed 30 m (100 ft) plus 3 per cent of the distance from the touchdowmugt bepossible to
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resolve the positions of two aircraft which are at 120 m (400 ft) of one another on the same
azimuth.

171.0513.2.3.4 Informatiormust bemade available to permit 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.

171.051.3.2.3.5 Informatiomust becompletely 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 radanmsystteatisfyat least
the following broad performance requirements.

171.051.3.2.4.2 Coverage

171.0513.2.4.2.1 The SRfust becapable of detecting aircraft of 15%mchoing 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 above the horizontal plane of the antenna, extending from the antenna
to 37 km (20 NM); by a vertical line at 37 km (20 NM) fromitiersection with the 1.&legree

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

171.051.3.2.4.2.2 Recommendatiort Efforts should be made in development to increase the coverage on an
aircraft of 15 nf echoing area to at least the volume obtained by amending.051.3.2.4.2.1
with the following substitutions:
T for 1.5 degreesread0.5 degree
T for 37 km (20 NM)read46.3 km (25 NM)

T for2 400 m (8 000 ff)read3 000 m (10 000 f})
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T for 20 degreesread30 degrees

Compliance note A diagram illustrating the vertical coverage of SRE is given in Attachment C
(Figure €18).

171.051.3.2.4.3 Accuracy

171.051.3.2.4.3.1 Azimuth accuracylhe indication of position in azimuthust bewithin plus or minus 2 degrees
of the true position. Itmust bepossible 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 accuracyhe error in distance indicatianust notexceed 5 per cent of true distance
or 150 m (500 ft), whichever is the greatermtst bepossible 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.

171.0513.2.4.3.2.1 Recommendatiort The error in distance indication should not exceed 3 per cent of the
true distance or 150 m (500 ft), whichever is the greater.

171.0513.2.4.4  The equipmenmhust 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.

171.0513.2.4.5 Recommendatiormt Efforts should be made to reduce, as far as possible, 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 VORust beconstructed 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.
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171.0513.3.1.2 The VORust radiatea radio frequency carrier with which are associated two separate 30 Hz
modulations. One of these modulatiomaust besuch that its phase is independent of the azimuth
of the point of observation (reference phase). The other modulation (variable phasst) be
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 bein phase along the reference magnetic
meridian through the station.

Compliance note The reference and variable phase modulations are in phase when the
maximum value of the sum of the 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

171.0513.3.2.1 The VQRust operatein 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 provisions of Volume
V, Chapter 4, 4.2.1 and 4.2.3.1, the use of such frequencies is acceptable. The highedilassigna
frequencymust bel17.950 MHz. The channel separationst bein increments of 50 kHz referred
to the highest assignable frequency. In areas where 100 kHz or 200 kHz channel spacing is in
general use, the frequency tolerance of the radio frequencyieamust beplus or minus 0.005
per cent.

171.0513.3.2.2 The frequency tolerance of the radio frequency carrier of all new installations
implemented after 23 May 1974 in areas where 50 kHz channel spacing isrmussbeplus 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, priositybe 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

171.0513.3.3.1 The emission from the V@Rst behorizontally polarized. The vertically polarized component
of the radiationmust beas small as possible.
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Compliance note It 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
provided in theManual on Testing of Radio Navigation Aldec 8071) as to flight checks 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 from the VOR for all elevation angles between 0 and 40 degrees,
measured from the centre of the VOR antenna systemst bewithin plus or minus 2 degrees.

171.051.3.3.4 Coverage

171.0513.3.4.1 The VORust providesignals such as to permit 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 Recommendatiort 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 radius should be 90 microvolts per metre or minus 10@%dBW

Compliance note Typical equivalent isotropically radiated powers (EIRPSs) to achieve specified
ranges are contained in 3.1 of Attachment C. The definition of EIRP is contdifédril .3.5.1.

171.051.3.3.5 Modulations of navigation signals

171.051.3.3.5.1 The radio frequency carrier as observed at any point in epstdoeamplitude 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 subcatrrier is fixed without
NBaLISOG G2 T AYdziK I yR A amuét8aval §elatian Kafo ofrlBIB T S N
plus or minus 1 (i.e. 15to 17);

2) for the Doppler VOR, the phase of the 30 Hz component varies with azimuth and is termed
0§KS &gl NA I anusShaveikdeviatia ratio gf R6 plus or minus 1 (i.e. 15 to 17) when
observed at any angle of 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;
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b) a 30 Hz amplitude modulation component:

1) for the conventional VOR, this component results from a rotating field pattern, the phase
2T gKAOK @FNASAE 6AGK

2) for the Doppler VOR, this component, of constant phase with relation to azimuth and
O2yaidlyd IYLXtAGdZRSE A&

171.051.3.3.5.2 The nominal depth of modulation of the radio frequency carrier due to the 30 Hz signal or the

FTAYdzZiKZ FyR Aa GSNXSR

N} RAFGSR 2YYARANBOGA

subcarrier of 9 960 Haust bewithin the limits of 28 per cent and 32 per cent.

Compliance note This 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 degreesyst bewithin 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 degreesust bewithin 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 note  When modulation is measured during flight testing under strong dynamic
multipath conditions, variations in the received modulation percentages 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 frequenuiet be30 Hz within plus or minus

1 per cent.

171.051.3.3.5.5 The subcarrier modulation nffdquencymust be9 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

must notexceed 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 implemented, the sideband level of the harmonics of the
9 960 Hz component in the radiated signaist notexceed the following levels referred to the
level of the 9 960 Hz sideband:

Subcarrier Level

9960 Hz 0 dB reference
2nd harmonic -30dB

3rd harmonic -50dB

Ath harmonic and above —-60 dB

171.051.3.3.6 Voice and identification

171.0513.3.6.1 If the VOR provides a simultaneous communication channel graaig it must beon the
same radio frequency carrier as used for the navigational function. The radiation on this channel

must behorizontally polarized.

171.0513.3.6.2 The peak modulation depth of the carrier on the communication chemrstinotbe greater
than 30 per cent.

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

171.051.3.3.6.4 The VORust providefor the simultaneous transmission of a signal of identification on the
same radio frequency carrier as that used for the navigational function. The identification signal
radiationmust behorizontally polarized.

171.0513.3.6.5 The identification sigmalist employthe International Morse Code and consist of two or three
letters. Itmust besent at a speed corresponding to approximately 7 words per minute. The signal
must berepeated at least once every 3@conds and the modulation tomeust bel 020 Hz within

plus or minus 50 Hz.
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171.051.3.3.6.5.1 Recommendatiort The identification signal should 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 note Where a VOR and DME are associated in accordancel wit51.3.5.2.5,
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
must beclose to, but not in excess of 10 per cent except that, where a communication channel is
not provided, itmust bepermissible to increase the modulation by the code identification signal
to a value not exceeding 20 per cent.

171.051.3.3.6.6.1 Recommendatiort If the VOR provides a simultaneous communication channel gitound
air, the modulation depth of the code identification signal should 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 speaotist notinterfere in any way with the basic navigational function.
When speech is being radiated, the code identificatimust notbe suppressed.

171.051.3.3.6.8 The VOR receiving functioast permitpositive 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 andlL71.051.3.3.6.7.

171.051.3.3.7 Monitoring

171.0513.3.7.1 Suitable equipment located in the radiation fimlast providesignals for the operation of an
automatic monitor. The monitomust transmita warning to a control point, and either remove
the identification and navigation components from the carrier or cause radiation to ceasg if
oneor a combination of 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 frequency signals voltage
level at the monitor of either the subcarrier, or 30 Hz amplitude modulation signals, or both.

171.0513.3.7.2 Failure of the monitor itsetfust transmita warning to a control point and either:
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a) remove the identification and navigation components from the carrier; or
b) cause radiation to cease.
Compliance note Guidance 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 provideadequate immunity to interference from two 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, thirdorder 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 levemust exceedhe desensitization criteria set forth 71.051.3.3.8.2.

nf=108.1¢ f1, where f is the frequency of N the VHF FM sound broadcasting signal closer to
108.1 MHz.

171.0513.3.8.2 The VOR receiving systeust notbe desensitized in the presence of VHF FM broadcast signals
having levels in accordance with the following table:
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Maximum level of
umvanted signal at

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

104 +10
106 +5
107.9 -10

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

Compliance not@.1 Guidance material on immunity criteria to be used for the performance
gquoted in171.051.3.3.8.1 andlL71.051.3.3.8.2 is contained in Attachment C, 3.6.5.
171.051.3.4 Specification for nodirectional radio beacon (NDB)

171.051.3.4.1 Definitions

Compliance note In 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 coverageThe 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 note A locator usually has an average radius 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 in which the
radio beacon is situated.

63



TECHNICAL STANDARDS

¥ Namibia Civil Aviation Authority (NAMCATS)
K Safety Division
NCA

A Part 171: ATENolume 1

NAMIBIA CIVIL AVIATION AUTHORITY

Compliance note The 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 radio beacon concerned or interference from other LF/bilEida, but

taking into account the atmospheric noise in the geographical area concerned.

171.051.3.4.2 Coverage

171.051.3.4.2.1 Recommendatiort The minimum value of field strength in theted coverage of an NDB
should be 78@microvolts per metre.

Compliance noté.t Guidance on the field strengths required particularly in the latitudes between
30°N and 30S is given in 6.1 of Attachment C, and the relevant ITU provisions are given in Chapter
VIII, Article 35, Section IV, Part B of the Radio Regulations.

Compliance not@.1 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 NDisst bebased upon the average
radius of the rated coverage.

Compliance notd.t In classifying radio beacons in areas where substantial variations in rated
coverage may occur diurnally and seasonally, such variations should be taken into account.

Compliance not@.1 Beacons having an average radius of rated coverage of between 46.3 and
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 N&/1) to t
nearest multiple of 92.7 km (50 NM).

171.0513.4.2.3 Recommendatiort Where the rated coverage of an NDB is materially different in various
operationally significant sectors, its classification should be expressed in terms of the average

radius of rated coverage and the angular limits of each sector as follows:

Radius of coverage of sector/angular limits of sector expressed as magnetic bearing clockwise
from the beacon.
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Where it is desirable to classify an NDB in such a manner, the number of sectors should be kept to
a minimum and preferably should not exceed two.

Compliance note The average radius of a given sector of the rated coverage is equal to the
radius of the correspondingrcle sectopf the same area. Example:

150/210 ¢ 30°
100/30° ¢ 210°.

171.051.3.4.3 Limitations in radiated power

The power radiated from an NDBust notexceed 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 NDB&st beselected 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 be0.01 per cent except that, for NDBs of
antenna power above 200 W using frequencies of 1 606.5 kHz and above, the tolemasidee
0.005 per cent.

171.0513.4.4.3 Recommendatiomt Where two locators are used as supplements to an ILS, the frequency
separation between the carriers of the two should be not less than 15 kHz to ensure correct
operation of the radio compass, and preferably not more than 25 kHz in order to permit a quick
tuning 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 that the facility not in
operational use cannot radiate.

Compliance note Additional guidance on the operation of locator beacons on common
frequency channels is contained in Volume V, Chapter 3, 3.2.2.

171.051.3.4.5 Identification
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171.0513.4.5.1 Each NDBust beindividually identified by a twoor three-letter International Morse Code
group transmitted at a rate corresponding to approximately 7 words per minute.

171.051.3.4.5.2 The complete identificatiomust betransmitted 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 identificatiomust beat approximately iminute intervals, except that a shorter interval
may be used at particular NDB stations where this is found to be operationally desirable.

171.0513.4.5.2.1 Recommendatiort Except for those cases where the beacon identification is effected by
on/off keying of the carrier, the identification signal should 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 the vicinity of an aerodrome, the identification
must betransmitted at least three times each 30 seconds, spaced equally within that time period.

171.0513.4.5.4 The frequency of the modulating tone used for identificatiost bel 020 Hz
plus or minus 50 Hz or 400 Hz plus or minus 25 Hz.

Compliance note Determination 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 note The 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, gedvihat 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.

171.0513.4.6.1 Except as providedlin1.051.3.4.6.1.1, all NDBwuust radiatean 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 serving as holding, 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 required rated coverage is not practicable of achievement because of:

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

Compliance note In 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
FNRBY Ga/2¢é¢ G2 a/2¢ 2LISNIGA2YS gAfft ySSR (G2 o

171.051.3.4.6.2 For each NDB identified by on/off keying of an audio modulating tone, the depth of modulation
must bemaintained 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 tone, the characteristics of
emission during identificatiomust besuch as to ensure satisfactory identification at the limit of
its rated coverage.

Compliance not&.t The foregoing requirement necessitates as high a percentage modulation as
practicable, together with maintenance of an adequate radiated carrier power during
identification.

Compliance not@2.t With a directiorfinder 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 will, in general, meet the foregoing
requirement.

Compliance not8.1 Some considerations with respect to modulation depth are contained in
Attachment C, 6.4.

171.051.3.4.6.4 Recommendatiort The carrier power of an NDB with NON/A2A emissions should not 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 mayeptedcc

171.0513.4.6.5 Unwanted audio frequency modulationgst totalless than 5 per cent of the amplitude of
the carrier.
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Compliance note Reliable 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. Thetidupgwi
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 emississtsbekept at the lowest
value that the state of technique and the nature of the service permit.

Compliance note Article 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 bandwidth, frequency tolerance, spanuossions and
classification of emissions (see Appendices APS1, APS2 and APS3).

171.051.3.4.7 Siting of locators

171.051.3.4.7.1 Recommendatiormt Where locators are used as a supplement to the ILS, they shdolthbed
at the sites of the outer and middle marker beacons. Where only one locator is used as a
supplement to the ILS, preference should be given to location at the site of the outer marker
beacon. Where locators are employed as an aid to final appraathei absence of an ILS,
equivalent locations to those applying when an ILS is installed should be selected, taking into
account the relevant obstacle clearance provisions oPIRRNSOPSDoc 8168).

171.0513.4.7.2 Recommendatiort Where locators are installed at both the middle and outer marker
positions, they should 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 neaaliepar
to the centre line of the runway.

171.051.3.4.8 Monitoring

171.0513.4.8.1 For each NDB, suitable meamsst beprovided 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;

68



/&’
NCAA

NAMIBLA CIVIL AVIATION AUTHORITY

TECHNICAL STANDARDS

Namibia Civil Aviation Authority (NAMCATYS)
Safety Division

Part 171: ATENOolume 1

c) malfunctioning or failure of the means of monitoring itself.

171.051.3.4.8.2 Recommendatiort When an NDB is operated from a power source having a frequency which

is close to airborne ADF equipment switching frequencies, and where the design of the NDB is such
that the power supply frequency is likely to appear as a modulation product on theamiksi

means of monitoring should be 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 monitonirsg providefor a continuous

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

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

171.0581.3.5

monitoring should provide for a continuous check on the functioning of the NDB as prescribed in
171.051.3.4.8.1 a), b) and c).

Compliance note Guidance material on the testing of NDBs is contained in 6.6 of Attachment
C.

Specification for UHF distance measuring equipment (DME)

Compliance note In the following section, provision is made for two types of DME facility:
DME/N for general application, and DME/P as outlineti7Zih.051.3.11.3.

171.051.3.5.1 Definitions

Control motion noise (CMN)That portion of the guidance signal error which 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 following the decoding of a valid interrogation during
which a received interrogation will not cause a reply to be generated.

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

DME/N.Distance measuring equipment, primarily serving operational needs-ob@e or TMA
YIE@GAAL GA2YS gKSNBE (GKS abé¢ adlyRa FT2N yI NNRg
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measurement. The spectrum characteristics are those of DME/N.

Equivalent isotropically radiated power (EIRAhe product of the power supplied to the antenna
and the antenna gain in a given direction relative to an 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 operation which 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.

MLSapproach reference datumA point on the minimum glide path at a specified height above
the threshold. (See 3.11IMLS datum pointThe 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 transmissions 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 points h and i on Figires@ 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 Figlre 3

Pulse codeThe method of differentiating between W, X, Y and Z modes and between FA and 1A
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 Figlire 3

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 transponder to the 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 total of its own
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 pulse pairs 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 systenust providefor 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 systemust compriséwo basic components, one fitted in the aircraft, the other installed

on the ground. The aircraft componentust bereferred to as the interrogator and the ground
component as the transponder.
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171.051.3.5.2.3 In operation, interrogatorsust interrogatetransponders which shall, in turn, transmit to the
interrogator replies synchronized with the interrogations, thus providing means for accurate
measurement of distance.

171.051.3.5.2.4 DME/Rust havetwo operating modes, IA and FA.

Pulse envelope

Voltage amplitude (A) ——»

Time

Figure 31
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.k___

Partial Time—»
rise time

Virtual origin

Figure 32

171.0513.5.2.5 When a DME is associated with amtD\BOR for the purpose of constituting a single facility,
they shall:

a) be operated on a standard frequency pairing in accordance with051.3.5.3.3.4;
b) be collocated within the limits prescribed for associated facilitiekrih.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 andiL8OR facility

171.0513.5.2.6.1 Associated VOR and DME facifitiest becollocated 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 antennas does 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 note Attachment C, 2.11 gives guidance on the association of DME with ILS.

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

171.051.3.5.3 System characteristics
171.051.3.5.3.1 Performance

171.0513.5.3.1.1 Range.The systemmust providea 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 selected transponder.

171.051.3.5.3.1.2 Coverage

171.0513.5.3.1.2.1 When associated with a VOR, DME/N covenage beat least that of the VOR to the
extent practicable.

171.0513.5.3.1.2.2 When associated with either an ILS or , DME/N covemagiebe at least that of the
respective ILS or azimuth angle guidance coverage sectors.

Compliance note This is not intended to specify the operational range and coverage to which
the system may be used; spacing of facilities already installed may limit the range in certain areas.

171.051.3.5.3.1.3 Accuracy

171.0513.5.3.1.3.1 System accuracy.he accuracy standards specifiedlifl.051.3.5.3.1.4171.051.3.5.4.5
and171.051.3.5.5.4mustbe met on a 95 per cent probability basis.
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171.051.3.5.3.1.4 DME/P accuracy

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

Compliance not@.1 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 (PFEjust be comprised of those frequency
components of the DME/P error at the output of the interrogator which lie below 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 note Specified 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 ichttant C, 7.3.6.1.

171.0513.5.3.1.4.2 Errors on the extended runway centre timest notexceed the values given in Table B at
the end of this chapter.

171.051.3.5.3.1.4.3 In the approach sector, away from the extended runway centre line, the allowable PFE for
both standard 1 and standard raust bepermitted 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
runway centre line at the same distancehe allowable CMMust notincrease with angle. There
must beno degradation of either PFE or CMN with elevation angle.

171.051.3.5.3.2 Radio frequencies and polarizatiofrhe systenmust operatewith vertical polarization in the
frequency band 960 MHz to 1 215 MHz. The interrogation and reply frequana&seassigned
with 1IMHz spacing between channels.

171.051.3.5.3.3 Channelling

171.0513.5.3.3.1 DME operating channgiast beformed by pairing interrogation and reply frequencies and
by pulse coding on the paired frequencies.

171.051.3.5.3.3.2 Pulse codingDME/P channelmust havetwo different interrogation pulse codes as shown
in the table in
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3.5.4.4.1. Onenust beused in the initial approach (IA) mode; the otlmeust beused in the final approach (FA)
mode.

171.051.3.5.3.3.3 DME operating channelast bechosen 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 pairingiVhen a DME transponder is intended to operate in association with a single
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 chansebepaired
with the VHF channel and/or MLS angle frequency as given in Table A.

Compliance note There may be instances when a DME channel will be paired with both the ILS
frequency and an MLS channel (see Volume V, Chapter 4, 4.3).

171.051.3.5.3.4 Interrogation pulse repetition frequency

Compliance note If 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 (RREt notexceed 30 pairs
of pulses per second, based on the assumption that at least 95 per cent of the time is occupied
for tracking.

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 notexceed 150 pairs of pulses per second.

171.0513.5.3.4.3 DME/N.Recommendatiort After 15 000 pairs of pulses have been transmitted without
acquiring indication of distance, the PRF should 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 frequencynust notexceed 30 pulse pairs per second thereafter.

171.051.3.5.3.4.5 DME/P.The interrogator pulse repetition frequenecyust notexceed the following number

of pulse pairs per second:
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a) search 40
b) aircraft on the ground 5
c) initial approach mode track 16
d) final approach mode track 40

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

Compliance not@.1 Itis 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 amametbeadequate for the peak traffic
of the area or 100 aircraft, whichever is the lesser.

171.051.3.5.3.5.2 Recommendatiormt Where the peak traffic in an area exceeds 100 aircraft, the transponder
should be capable of handling that peak traffic.

Compliance note Guidance material on aircraft handling capacity will be found in Attachment
C,7.15.

171.051.3.5.3.6 Transponder identification

171.0513.5.3.6.1 All transpondersust transmitan identification signal in one of the following forms as
required byl171.051.3.5.3.6.5:

aly GAYRSLISYRSY(i¢ ARSY(GAFTAOIGAZY O2zyaraday3
which can be used with all transponders;

by Gl aa20AliSRé ardytf sKAOK OFy 08 dASR F2
navigation guidance facility which itself transmits an identification signal.
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171.0513.5.3.6.2 Both systems of identificatiomst usesignals, whiclmust consisof the transmission for an
appropriate period of a series of paired pulses transmitted at a repetition rate of 1 350 pulse pairs
per second, andnust temporarilyreplace all reply pulses that would normally occur at that time
except as inl71.051.3.5.3.6.2.2. These pulsesust havesimilar characteristics to the other
pulses of the reply signals.

171.051.3.5.3.6.2.1 DME/N.Reply pulsesnust betransmitted between key down times.

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

171.051.3.5.3.6.2.3 DME/P Reply pulsemust betransmitted between key down times.

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

171.0513.5.3.6.2.5 The DME/P transpondaust notemploy the equalizing pair of pulses of
171.051.3.5.3.6.2.2.

171.0510 ®p ®o dc do ¢ KS OKI N} OGSNA &G mOsibesPolowk S d Ay RSLIS

a) the identity signamust consisbf 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 letter rate for the DME transpomdest 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 dashesnust 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 numeralgiustnot be less than thre dots. The total period for transmission
of an identification code groumustnot exceed 10 seconds.

Compliance note The 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 interrogatogdesi(see 3.5.3.6.2).
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171.0510 ®p ®o dc dn ¢ KS OKI NI OniSthdasfillawda 2F GKS al aaz20aA

a) when associated with a VHF the identificationust be transmitted in the form of dots and
dashes (International Morse Code) as in 3.5.3.6.3 mndt be synchronized with the VHF
facility identification code;

b) each 48second intervaimustbe divided into four or more equal periods, with the transponder
identification transmitted during one period only and the associated idelftification,where
these are provided, transmitted during the remaining periods;

c) for a DME transponder associated with an MLS, the identificatiostbe 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 ® o ®c ®Pp O M ¢ KS & A yhisSedmplayed/vihérevér R tayispandeni<riotii A 2 y
specifically associated with a VHF navigational facilit

171.0513.5.3.6.5.2 Wherever a transponder is specifically associated with a VHF navigational facility or,
identificatonmusto S LINPPGARSR o0& (KS alaa20Al iSReé O2RS«

171.051.3.5.3.6.5.3 When voice communications are being radiated on an associated VHF navigational facility,
Fy alFaa2O0Al dSRé &A mystnot befstfprassed. K S G NI ya L2 y RSNJ

171.051.3.5.3.7 DME/P mode transition
171.0513.5.3.7.1 The DME/P interrogator for standard 1 accuracst changdrom 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 mode track operation may be
initiated within 14.8 m (8 NM) from the transponder. Outside 14.8 km (8 NM), the interrogator

must notinterrogate in the FA mode.

Compliance note Paragraphl71.051.3.5.3.7.1 does not apply if the transponder is a DME/N or
if the DME/P transponder FA mode is inoperative.
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171.051.3.5.3.8 System efficiencyflhe DME/P system accuracy of 3.5.3rhudst beachieved with a system
efficiency of 50 per cent or more.

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 operatio.he transpondemust transmiton 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 operatianust notvary more than plus or minus
0.002 per cent from the assigned frequency.

171.051.3.5.4.1.3 Pulse shape and spectruiirhe 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
must 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 riseriisenot vary by

more than plus or minus 20 per cent. For accuracy standard 2, thesloginot vary by more

than plus or minus 10 per cent.

3) DME/P.Recommendatiort Pulse rise time should not exceed 1.2 microseconds.
b) Pulse duratiormustbe 3.5 microseconds plus or minus 0.5 microsecond.
c) Pulse decay timmustnominally be 2.5 microseconds bmiustnot exceed 3.5 microseconds.

d) The instantaneous amplitude of the pulsaust 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 amplitudefdhe pulse.

e) For DME/N and DME/P: the spectrum of the pulse modulated signaibe 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 aasest not exceed 200 mW, and the
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EIRP contained 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 moves away from
the nominal channel frequency.

Compliance note Guidance material relating to the pulse spectrum measurement is provided
in Document EUROCAE®D(including Amendment No. 1).

f) To ensure proper operation of the thresholding techniques, the instantaneous magnitude of
any pulse turron transients which occur in time prior to the virtual originust 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.

Compliance notlt ¢ KS GAYS AGRAZNAYy3I GKS Liz aSé¢ SyoOz2VYl
beginning 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.

Compliance not@.1 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 transmission accord@wntpliance noté.

171.051.3.5.4.1.4 Pulse spacing

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

171.051.3.5.4.1.4.2 DME/N.The tolerance on the pulse spacimgistbe plus or minus 0.25 microsecond.

171.051.3.5.4.1.4.3 DME/N.Recommendatiort The tolerance on the DME/N pulse spacing should be plus or
minus 0.10 microsecond.

171.051.3.5.4.1.4.4 DME/P.The tolerance on the pulse spacimyistbe 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
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171.051.3.5.4.1.5.1 DME/N.Recommendatiort The peak EIRP should not be less than that required to ensure
a peak pulse power density of approximately minus 83 dB\&ffithe maximum specified service
range and level.

171.0513.5.4.1.5.2 DME/N.The peak equivalent isotropically radiated powaust not beless than that
required to ensure a peak pulse power density of minus 89 dB\Whder all operational weather
conditions at any point within coverage specifiedifi..051.3.5.3.1.2.

Compliance note Although the Standard inl171.051.3.5.4.1.5.2 implies an improved
interrogator receiver sensitivity, it is intended that the power density specified in
171.051.3.5.4.1.5.1 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 powmaust not beless 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 specifiedi@1.051.3.5.3.1.2 at ranges
less than 13 km (7 NM) from the transponder antenna;

Compliance note 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 pulsssot differ by more
than 1 dB.

171.0513.5.4.1.5.5 Recommendatiort The reply capability of the transmitter should be such that the
transponder should be 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 note Guidance 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 transmittenust operateat a transmission rate, including randomly distributed pulse
pairs and distance reply pulse pairs, of not less than 700 pulse pairs per second except during
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identity. The minimum transmission rataust beas close as practicable to 700 pulse pairs per
second. For DME/P, in no casest itexceed 1 200 pulse pairs per second.

Compliance note Operating 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 Spurious radiationDuring 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 frequemasyst bemore 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, includingodulator and electrical interference.

171.051.3.5.4.1.6.1 DME/N.The spurious power level specifiedliil.051.3.5.4.1.6must bemore than 80 dB
below the peak pulse power level.

171.051.3.5.4.1.6.2 DME/P.The spurious power level specifiedliil.051.3.5.4.1.6must bemore than 80 dB
below the peak pulse power level.

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

transmitter mustnot exceedninus 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 carrier frequency
on any DME operating channmalustnot exceedminus 10 dBm.

171.051.171.051.3.5.4.2 Receiver

171.051.3.5.4.2.1 Frequency of operatiof.he receiver centre frequenayust bethe interrogation frequency
appropriate to the assigned DME operating channel (see 3.5.3.3.3).

171.0513.5.4.2.2 Frequency stabilityThe centre frequency of the receiverust not varymore than plus or
minus 0.002 per cent from the assigned frequency.

171.051.3.5.4.2.3 Transponder sensitivity
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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 frequencymust triggerthe transponder if the peak power density at the transponder
antenna is at least:

a) minus 103 dBW/rhfor DME/N with coverage range greater than 56 km (30 NM);

b) minus 93 dBW/rifor DME/N with coverage range not greater than 56 km (30 NM);
¢) minus 86 dBW/mfor DME/P IA mode;

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

171.051.3.5.4.2.3.2 The minimum power densities specifietifin051.3.5.4.2.3.Imust causehe transponder
to reply with an efficiency of at least:

a) 70 per cent for DME/N;
b) 70 per cent for DME/P IA 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 transpondarust bemaintained 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 dBWi\mmen installed
with ILS and minus 35 dBW#when installed for other applications.

171.051.3.5.4.2.3.4 DME/P dynamic rangd&he performance of the transponderust bemaintained 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 laneistnot varyby 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 minus 1 microsecond, the receiver sensitivitist not bereduced by more than 1
dB.
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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 bereduced by more than 1 dB.

171.051.3.5.4.2.4 Load limiting

171.0513.5.4.2.4.1 DME/N. Recommendatiormt When transponder loading exceeds 90 per cent of the
maximum transmission rate, the receiver sensitivity should be automatically reduced in order to
limit the transponder replies, so as to ensure that the maximum permissible transmission rate is
not exceedd. (The available range of sensitivity reduction should be at least 50 dB.)

171.051.3.5.4.2.4.2 DME/P.To prevent transponder overloading the transponaeunst automaticallylimit its
replies, so as to ensure that the maximum transmission rate is not exceeded. If the receiver
sensitivity reduction is implemented to meet this requirementnitst beapplied to the IA mode
only andmustnot affectthe FA mode.

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 exceedb per cent of the maximum transmission rate.

171.051.3.5.4.2.6 Bandwidth

171.0513.5.4.2.6.1 The minimum permissible bandwidth of the recaivest besuch that the transponder
sensitivity levemustnot deteriorateby 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 specifieti7Zih.051.3.5.5.1.3.

171.0513.5.4.2.6.3 DME/Pt IA mode.The receiver bandwidtimust besufficient to allow compliance with
171.051.3.5.3.1.3 when the input signals are those specified 14.051.3.5.5.1.3. The 12 dB
bandwidthmustnot exceed2 MHz and the 60 dB bandwidthustnot exceedl0 MHz.

171.0513.5.4.2.6.4 DME/Pt FA modeThe receiver bandwidtimust besufficient 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 exceeds MHz and the 60 dB bandwidthustnot exceed?0 MHz.

85



TECHNICAL STANDARDS

¥ Namibia Civil Aviation Authority (NAMCATS)
/ Safety Division
NCA

A Part 171: ATENolume 1

NAMIBIA CIVIL AVIATION AUTHORITY

171.0513.5.4.2.6.5 Signals greater than 900 kHz removed from the desired channel nominal frequency and
having power densities up to the values specified1inl.051.3.5.4.2.3.3 for DME/N and
3.5.4.2.3.4 for DME/Pnust not trigger the transponder. Signals arriving at the intermediate
frequencymust besuppressed at least 80 dB. All other spurious response or signals within the
960 MHz to 1 215 MHz band and image frequenciast besuppressed 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
signalmust bewithin 3 dB of the value obtained in the absence of signals. This requiremesit
be met with echo suppression circuits, if any, rendered inoperative. The 8 microseconds are to be
measured between the half voltage points on the leading edges of the two signals, both of which
conform in shae, with the specifications ih71.051.3.5.5.1.3.

171.051.3.5.4.2.8 Spurious radiationRadiation from any part of the receiver or allied circuitgst meetthe
requirements stated i171.051.3.5.4.1.6.

171.051.3.5.4.2.9 CW and echo suppression

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

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

171.051.3.5.4.2.10 Protection against interference

Recommendatiort Protection against interference outside the DME frequency band should be
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 transponderust includea decoding circuit such that the transponder can be triggered
only by pairs of received pulses having pulse duration and pulse spacings appropriate to
interrogator signals as describedi1.051.3.5.5.1.3 and.71.051.3.5.5.1.4.

171.0513.5.4.3.2 The decoding circuit performamsast not beaffected by signals arriving before, between,
or after, the constituent pulses of a pair of the correct spacing.
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171.051.3.5.4.3.3 DME/N1 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
in171.051.3.5.4.2.3.3nust berejected such that the transmission rate does not exceed the value
obtained when interrogations 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
in171.051.3.5.4.2.3.4nust berejected such that the transmission rate does not exceed the value
obtained when interrogations are absent.

171.051.3.5.4.4 Time delay

171.0513.5.4.4.1 When a DME is associated only with a VHF facility, the timardedapethe 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 delaynust be consistent with the following table, when it is desired that
aircraft interrogators are to indicate distance from ttransponder site.

Pulse pair
spacing (us) Time delay (us)
Channel Istpulse  2nd pulse
suffix Operating mode  Interrogation  Reply tining timing

X DME/N 12 12 50 50
DME/PIAM 12 12 50 -
DME/PFAM 18 12 56 -

Y DME/N 36 30 56 50
DME/PTA M 36 30 56 -

DME/P FAM 42 30 62 -
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Pulse pair

spacing (us) Time delay (us)

W DME/N - - - -
DME/PIA M 24 24 50 -
DME/P FAM 30 24 56 -

z DME/N - - - -
DME/PTIAM 21 15 56 -
DME/P FAM 27 15 62 -

Compliance noté.t W and X are multiplexed on the same frequency.

Compliance not@.1 Z and Y are multiplexed on the same frequency.

171.0513.5.4.4.2 When a DME is associated witMas angle facilifythe time delaynust bethe 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 reply
transmission. This delayust be50 microseconds 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 gk.

171.0513.5.4.4.2.1 For DME/P transponders, no time delay adjustmest bepermitted.

171.051.3.5.4.4.3 Recommendatiormt For the DME/N the transponder time delay should 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 zeemdes
at a specific point remote from the transponder site.

Compliance note Modes 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 delaynust bethe 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 reply transmission.
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171.051.3.5.4.4.3.2 DME/Pt |IA modeThe time delaynust bethe 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 edge of the first constituent pulse of the reply pulse pair.

171.051.3.5.4.4.3.3 DME/Pt FA modeThe time delaynust bethe 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 bewithin the partial rise
time of the first constituent pulse of the pulse pair in each case.

171.051.3.5.4.4.4 DME/N.Recommendatiort Transponders should be sited as near to the point at which zero
indication is required as is practicable.

Compliance notd.t 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 keep the zone of ambiguity to a
minimum.

Compliance not2.1 Guidance material on siting DME WNHLS 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 different zero range indication if DME/P associated with MLSDéE/N
associated with ILS serve the same runway.

171.051.3.5.4.5 Accuracy

171.0513.5.4.5.1 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 Recommendatiomt The contribution to the total system error due to the
combination of the transponder errors, transponder location coordinate errors, propagation
effects and random pulse interference effects should be not greater than plus or minus 340 m
(0.183 NM) plus 25 per cent of distance measure.

Compliance note This error contribution limit includes errors fromcallises except the airborne
equipment, and assumes that the airborne equipment measures time delay based on the first

constituent pulse of a pulse pair.
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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 contributemore than plus or
minus 185 m (0.1 NM) to the overall system error.

Compliance note This 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 associated with a landing aidstnot 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/P1 FA mode

171.051.3.5.4.5.3.1 Accuracy standard Trhe transpondemust not contributemore 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.

171.051.3.5.4.5.3.2 Accuracy standard Z'he transpondemust not contribute more than plus or minus 5 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 contributemore 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.

171.051.3.5.4.5.5 Recommendatiort When a DME is associateith an MLS angle facilitjhe above accuracy
should 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 efficienoyst beat least 70 per cent for DME/N and DME/P (IA mode)
and 80 per cent for DME/P (FA mode) at all values of transponder loading up to the loading
corresponding to 171.0513.5.3.5 and at the minimum sensitivity level specified in
171.051.3.5.4.2.3.1 and 71.051.3.5.4.2.3.5.

Compliance note When 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.
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171.051.3.5.4.6.2 Transponder dead tim&he transpondemust berendered 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 ay 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 blankthe FA mode channel and vice versa.

171.051.3.5.4.7 Monitoring and control

171.0513.5.4.7.1 Meanmust beprovided 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

171.051.3.5.4.7.2.1 In the event that any of the conditions specifiel¥ih051.3.5.4.7.2.2 occur, the monitor
must causehe following action to take place:

a) a suitable indicatiomust begiven at a control point;

b) the operating transpondemust beautomatically switched off; and

c) the standby transponder, if providedhust beautomatically placed in operation.
171.051.3.5.4.7.2.2 The monitenust causehe actions specified ih71.051.3.5.4.7.2.1 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 Recommendatiort The monitor should 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 followiig1.051.3.5.4.4.1 by 1 microsecond or more.
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171.0513.5.4.7.2.4 Recommendatiort The monitor should also 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 pair differs from
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 referencecircuits (if the operating frequencies are not directly crystal controlled).

171.0513.5.4.7.2.5 Meanswust beprovided 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 penust beas low as
practicable, bumustnot exceedlO seconds, consistent with the need for avoiding interruption,
due to transient effects, of the service provided by the transponder.

171.0513.5.4.7.2.6 The transpondenust not betriggered 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 monitoring action

171.051.3.5.4.7.3.1 The monitor systemust causeéhe 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,;
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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 the first 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.

171.051.3.5.4.7.3.2 Recommendatiornt The monitor should 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 radraisthot exceedhe
periods specified i71.051.3.5.4.7.3.1. Attempts to clear a fault by resetting the primary ground
equipment or by switching to standby ground equipment, if fittedist becompleted within this
time. If the fault is not cleared within the time allowed, the radiationst ceaseAfter shutdown,
no attemptmust bemade to restore service until a period of 20 seconds has elapsed.

171.0513.5.4.7.3.4 The transpondsetust not betriggered for monitoring purposes more than 120 times per
second in the IA mode and 150 times per second in the FA mode.

171.0513.5.4.7.3.5 DME/N and DME/P monitor failurd:ailure of any part of the monitor itsethust
automaticallyproduce the same results as the malfunctioning of the element being monitored.

171.051.3.5.5 Technical characteristics of interrogator

Compliance note The following subparagraphs specify only those interrogator parameters
which 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
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171.0513.5.5.1.1 Frequency of operatioriThe interrogatormust transmiton the interrogation frequency
appropriate to the assigned DME channel ($€&.051.3.5.3.3.3).

Compliance note This specification does not preclude the use of airborne interrogators having
less than the total number of operating channels.

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

171.051.3.5.5.1.3 Pulse shape and spectruiihe followingnust applyto all radiated pulses:
a) Pulse rise time.
1) DME/N.Pulse rise timenustnot exceed3 microseconds.
2) DME/P Pulse rise timenustnot exceedl.6 microseconds. For the FA mode, the puhsest
havea patrtial 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 risenticgtnot varyby more

than plus or minus 20 per cent. For accuracy standard 2 the shystnot varyby more
than plus or minus 10 per cent.

3) DME/P.Recommendatiort Pulse rise time should not exceed 1.2 microseconds.
b) Pulse duratiormust be3.5 microseconds plus or minus 0.5 microsecond.
c) Pulse decay timmust nominallybe 2.5 microseconds, butustnot exceed3.5 microseconds.

d) The instantaneous amplitude of the pulsaust 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 ofe pulse.

e) The spectrum of the pulse modulated sigmalst besuch that at least 90 per cent of the energy
in each pulsenust bewithin 0.5 MHz in a band centred on the nominal channel frequency.
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f) To ensure proper operation of the thresholding techniques, the instantaneous magnitude of
any pulse turron transients which occur in time prior to the virtual originust beless than
one per cent of the pulse peak amplitude. Initiation of the temprocessnustnot commence
sooner than 1 microsecond prior to the virtual origin.

Compliance not&.1 The lower limit of pulse rise time (sE£1.051.3.5.5.1.3 a)) and decay time
(seel71.051.3.5.5.1.3 ¢)) are governed by the spectrum requiremedfsli951.3.5.5.1.3 e).

Compliance not@.1 While171.051.3.5.5.1.3 e) calls for a practically attainable spectrum, it is
desirable to strive 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 and 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 frequengi MHz above and 2 MHz below the
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 adjacenbbe nearer the nominal channel frequency.

171.051.3.5.5.1.4 Pulse spacing

171.0513.5.5.1.4.1 The spacing of the constituent pulses of transmitted pulsenpastsbeas 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 pulse spacimgist beplus or minus 0.5 microsecond.

171.051.3.5.5.1.4.3 DME/N.Recommendatiort The tolerance on the pulse spacing should be plus or minus
0.25 microsecond.

171.051.3.5.5.1.4.4 DME/P.The tolerance on the pulse spacimgist beplus or minus 0.25 microsecond.

171.0513.5.5.1.4.5 The pulse spacmgst bemeasured between the half voltage points on the leading edges
of the pulses.

171.051.3.5.5.1.5 Pulse repetition frequency

171.0513.5.5.1.5.1 The pulse repetition frequemayst beas specified i171.051.3.5.3.4.
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171.0513.5.5.1.5.2 The variation in time between successive pairs of interrogation pulsébesufficient to

prevent false loclon.

171.051.3.5.5.1.5.3 DME/PIn order to achieve the system accuracy specifiel’/ih 051.3.5.3.1.4, the variation

in time between successive pairs of interrogation pulsesst be sufficiently random to
decorrelate high frequency multipath errors.

Compliance note Guidance 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 frequemeyt bemore 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 prawign
applyto all spurious pude transmissions. The spurious CW power radiated from the interrogator
on any DME interrogation or reply frequeneystnot exceed20 microwatts (minus 47 dBW).

Compliance note Although spurious CW radiation between pulses is limited to levels not
exceeding minus 47 dB\Wrovidersare 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 1 045 MHz. This protection may be provided
by limiting conducted and radiated CW to a level of the order of minus 77 dBW. Where this level
cannot be achieved, the required degreeaftection may be provided in planning the relative
location of the SSR and DME aircraft antennas. It is to be noted that only a few of these frequencies
are utilized in the VHF/DME pairing plan.

171.0513.5.5.1.7 Recommendatiort The spurious pulse power received and measured under the conditions

stated in171.051.3.5.5.1.6 should be 80 dB below the required peak pulse power received.

Compliance note Referencd71.051.3.5.5.1.6 and.71.051.3.5.5.1.7t 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 in 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 need that only a few of these fregncies are utilized in the VHF/DME pairing plan.

171.0513.5.5.1.8 DME/P.The peak EIRMRust not beless than that required to ensure the power densities in

171.051.3.5.4.2.3.1 under all operational weather conditions.
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171.051.3.5.5.2 Time delay

171.051.3.5.5.2.1 The time delayust beconsistent with the table i171.051.3.5.4.4.1.

171.051.3.5.5.2.2 DME/N.The time delaynust bethe 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 delaynust bethe 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 distance indication.

171.051.3.5.5.2.4 DME/Pt |A modeThe time delaynust bethe 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 distance indication.

171.0513.5.5.2.5 DME/PT FA modeThe time delaymust bethe interval between the virtual origin of the
leading edge of the first constituent interrogation pulse and the time at which the distance circuits
reach the condition corresponding to zero distance indication. The time of amuat 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 centre frequenayust bethe 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 sensitivityiust be sufficient to acquire and provide
distance information to the accuracy specifiedlifil.051.3.5.5.4 for the signal power density
specified inl71.051.3.5.4.1.5.2.

Compliance note Although the Standard ih71.051.3.5.5.3.2.1 is for DME/N interrogators, the
receiver sensitivity is better than that necessary in order to operate with the power density of
DME/N transponders given 1v1.051.3.5.4.1.5.1 in order to assure interoperability with the 1A
mode of DME/P transponders.

97



TECHNICAL STANDARDS

¥ Namibia Civil Aviation Authority (NAMCATS)
/ Safety Division
NCA

A Part 171: ATENolume 1

NAMIBIA CIVIL AVIATION AUTHORITY

171.0513.5.5.3.2.2 DME/P.The airborne equipment sensitivitjust be sufficient to acquire and provide
distance information to the accuracy specifiedifl.051.3.5.5.4.2 and 71.051.3.5.5.4.3 for the
signal power densities specifiedi@1.051.3.5.4.1.5.3.

171.051.3.5.5.3.2.3 DME/N.The performance of the interrogatenust bemaintained 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 bemaintained 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 DME/N.The receiver bandwidtmust besufficient to allow compliance with 3.5.3.1.3, when
the input signals are those specifiedlin1.051.3.5.4.1.3.

171.0513.5.5.3.3.2 DME/P1 |IA mode.The receiver bandwidtimust besufficient to allow compliance with
171.051.3.5.3.1.3 when the input signals are those specified4.051.3.5.4.1.3. The 12B
bandwidthmustnot exceed2 MHz and the 6@B bandwidthmustnot exceedl0 MHz.

171.051.3.5.5.3.3.3 DME/Pt FA modeThe receiver bandwidtimust besufficient 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 2B
bandwidthmustnot exceedb MHz and the 6@B bandwidthmustnot exceed20 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 undesirednamnel DME signals of at least 8 dB at the
input terminals of the airborne receiver, the interrogatmust displaydistance information and
provide unambiguous identification from the stronger signal.

Compliance note Cochannel refers to those reply signals that utilize the same frequency and
the same pulse pair spacing.
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171.0513.5.5.3.4.2 DME/N.DME signals greater than 900 kHz removed from the desired channel nominal
frequency and having amplitudes up to 42 dB above the threshold sengitivity berejected.

171.0513.5.5.3.4.3 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 sengitivity berejected.

171.051.3.5.5.3.5 Decoding

171.051.3.5.5.3.5.1 The interrogatarust includea 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/NT Decoder rejectionA 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 sensitivitynust berejected.

171.0513.5.5.3.5.3 DME/P1 Decoder rejectionA 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 sensitivitynust berejected.

171.051.3.5.5.4 Accuracy

171.051.3.5.5.4.1 DME/N.The interrogatomustnot contributemore 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 contributemore 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 T.he 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 overall system CMN.
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171.051.3.5.5.4.3.2 Accuracy standard Z'he 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 system CMN.

Compliance note Guidance 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 achievehe accuracy specified i171.051.3.5.3.1.4 with a
system efficiency of 50 per cent or more.

Compliance note Guidance 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 elmute VHF marker beacanust havea radio frequency of
75 MHz plus or minus 0.005 per cent.

171.051.3.6.1.2 Characteristics of emissions

171.0513.6.1.2.1 Radio marker beacanast radiatean 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 moduliaic
not exceedL5 per cent.

171.0513.6.1.2.2 The frequency of the modulating tanest be3 000 Hz plus or minus 75 Hz.

171.0513.6.1.2.3 The radiatianust behorizontally polarized.

171.0513.6.1.2.4 Identification.If a coded identification is required at a radio marker beacon, the modulating
tone must bekeyed so as to transmit dots or dashes or both in an appropriate sequence. The
mode of keyingmust be such as to provide a dainddash duration together with spacing

intervals corresponding to transmission at a rate equivalent to approximately six to ten words per
minute. The carriemust not beinterrupted during identification.
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171.051.3.6.1.2.5 Coverage and radiation pattern

Compliance note The coverage and radiation pattern of marker beacons will ordinarily be
established by Contractirigyoviderson the basis of operational requirements, taking into account
recommendations of regional meetings.

The most desirable radiation pattern 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 compromise radiation pattern

is necessary. In Attachment C, antenna systems currently in use and which have proved generally
satisfactory are described for guidance. Such designs and emydesigns providing a closer
approximation to the most desirable radiation pattern outlined above will normally meet
operational requirements.

171.051.3.6.1.2.6 Determination of coveragd.he limits of coverage of marker beacanast bedetermined on
the basis of the field strength specifiedliil.051.3.1.7.3.2.

171.051.3.6.1.2.7 Radiation patternRecommendatiornt The radiation pattern of a marker beacon normally
should 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 inended.

Compliance note Difficulty in siting certain marker beacons may make it necessary to accept a
polar axis that is not vertical.
171.0513.6.1.3 Monitoring. Recommendatiort For each marker beacon, suitable monitoring equipment

should be provided which will show at an appropriate location:

a) a decrease in radiated carrier power below 50 per cent of normal,
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b) a decrease of modulation depth below 70 per cent;

c) aFailureof keying.

171.051.3.7 Requirements for the Globhlavigation 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 identify that
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.

Antenna port. A point where the received signal power is specified. For an active antenna, the
antenna port is a fictitious point between the antenna elements and the antennamgifier.
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 incident linearly polarized wave as the polarization
orientation is varied over all directions perpendicular to the direction of propagatio

BeiDou Navigation Satellite System (BDShe satellite navigation system operated by the
t S2LX SQa wSLlzotAO 2F [/ KAYyIl ®

BDS Open Service (BDS ORie specified level of positioning, velocity and timing accuracy that
is available to any BDS user on a continuous, worldwide basis.

Channel of standard accuracy (CSAhe specified level of positioning, velocity and timing
accuracy that is available to any GLONASS user on a continuous, worldwide basis.

Core satellite constellation(s)'he core satellite constellations are GPS and GLONASS.
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Galileo.The satellite navigation system operated by the European Union.

Galileo Open Service (Galileo OF¥e specified level of positioning, velocity and timing accuracy
that is available to any Galileo user on a continuous, worldwide basis

Global navigation satellite system (GNS8)worldwide position and time determination system
that includes one 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 navigation 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 (GBA8n 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 grebasged transmitters
covering a region.

Integrity. A measure of the trust that can be placed in the 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).

lonospherefree pseudoerange. A pseuderange in which the first order ionosphere effect on
signal propagation has been removed by a linear combination of pseude measurements
from signals on two distinct frequencies from the same satellite.

Pseuderange. The difference between the time of transmission by a satellite and reception 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.
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Satellite-based augmentation system (SBA8)wide coverage augmentation system in which the
user receives augmentation information from a satelli@sed transmitter.

Standard positioning service (SP$he specified level of positioning, velocity and timing accuracy
that is available to any global positioning system (GPS) user on a continuous, 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®3ust provideposition and time data to the aircraft.

Compliance note These data are derived from pseudmge 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 beprovided 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
in171.051.3.7.3.11;

b) Global Navigation Satellite System (GLONASS) that provides the Channel of Standard Accuracy
(CSA) as defined171.051.3.7.31.2;

c) Galileo that provides a singland duaifrequency Open Service (OS) as definedi7h.05.1.
3.7.3.1.3;

BeiDou Navigation Satellite System (BDS) that provides the BDS Open Service (BDS OS) as defined
in171.05.13.7.3.1.4;
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d) aircraftbased augmentation system (ABAS) as defindd@in051.3.7.3.3;
e) satellitebased augmentation system (SBAS) as definéd@1n051.3.7.3.4;
f) groundbased augmentation system (GBAS) as defind@in051.3.7.3.5;
g) groundbased regional augmentation system (GRAS) as definedlin51.3.7.3.5; and

i) aircraft GNSS receiver as defined #1.051.3.7.3.6.

Compliance nota In order to provide system integrity monitoring, the use of an augmentation as
specified in 171.05.1.3.7.2.2.1 e), ), g) or h) is requiratdet the performance requirements of
171.05.1.3.7.2.4.

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 maest beexpressed
in terms of the World Geodetic Systam1984 (WG®4) geodetic reference datum.

Compliance notel.t SARPs for WG are contained ilNAMCAT Part 175 Chapter 2,
NAMCATS Part 17Zhapter 2NAMCATS Part 139/0olumes | and Il, Chapter 1 aNAMCATSs
Part 175 Chapter 1.

Compliance not@.1 If GNSS elements using other than W3S oordinates are employed,
appropriate conversion parameters are to be appliéthe difference between a GNSS geodetic
reference and WG®4 is negligible for aviation (e.g. of the order of a few centimetres) and a
bounding of the maximum difference is specified, then no conversion parameters need 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
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171.0513.7.2.4.1 The combination of GNSS elements and affaalGNSS user receiveustmeet the signal
in-space requirements defined in Table 3.7-2.8ocated at the end of section 3.7).

Compliance notd.t The concept of a fauftee user receiver is applied only as a means of
defining the performance of combinations of different GNSS elements. Thé&dauleceiver is
assumed to be a receiver with nominal accuracy and-toredert performance. Sucareceiver is
assumed to have no failures that affect the integrity, availability and continuity performance.

Compliance not@.t For GBAS approach service (as defined in Attachment D, 7.1.2.1) intended
to support approach and landing operations using Category Il minima, performance requirements
are defined that apply in addition to the sigAalspace requirements defined infdle 3.7.2.41.

171.051.3.7.3 GNSS elements specifications
171.05.1.3.7.3.1 Core Constellations

171.051.3.7.31.1 GPS Standard Positioning Service (SP3)JL1

Compliance note Unless otherwise specified, the performance standards in 171.05.1 3.7.3.1.1.1
to 171.05.1.3.7.3.1.1.7 below apply to sinfflequency ranging, using the L1 coarse acquisition
(C/A)code signal or the L5 signal (15 code or Q5 code), and tdrégalency ranging using the
combination of L1 and L5 signals. In addition, they only apply to current and consistent ephemeris
and clock data within the respective curve fit intervals.

171.051.3.7.31.1.1 Space and control segment accuracy

Compliance note The following accuracy standardpply only for healthy GPS SPS signal
space (SIS), during normal operations as described in Attachment D, 4.1.1d9, aoidinclude
atmospheric or receiver errors as described in Attachment [01,2.GPS SPS SIS health conditions
can be found in the United States Departmenbéfense Global Positioning SysteqrStandard
Positioning Service Performance Standard, 5th Edition, April 2020 (hereinafter referred to as
abDt{ {t{ t{£€0xX {SOUA2Y HDPODPHOD

171.051.3.7.31.1.1.1 Positioning accuracyf he singlefrequency L1 C/A cod@osition errorsmustnot exceed
the following limits:
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Global average 95% of the timr Worst site of 95% of the tim«
Horizontal Position errol 8 m 15m
Vertical Position error 13 m 33m

171.0513.7.31.1.1.2 Time transfer accuracfhe GPS SPS time transfer ermoustnot exceed0 nanoseconds
95 per cent of the time.

171.051.3.7.31.1.1.3 Range domain accuracyhe range domain erranustnot exceedhe following limits
during normal operations over all ages of data

a) range error of any satellite 30 m with reliability specified ih71.051.3.7.31.1.3;

b) 95th percentile range rate error of any satellite0.006 m per second (global average);

c) 95th percentile range acceleration error of any satettit®.002 m per secondquared (global
average); and

d) 95th percentile range error for any satellite 7.0 m (global averagepand

e) 95th percentile range error across all satellites occupying defined slots in the constetlation
2.0 m (global average).

171.051.3.7.31.1.2 Availability The availabilitjor singlefrequency L1 C/A code usersist beas follows:

%99 per cent horizontal service availability, average locati®Gm(B5 per cent threshold)

%99 per cent vertical service availability, average locati@n{®5 per cent threshold)

#90 per cent horizontal service availability, wecstse location @m 95 per cent threshold)

%90 per cent vertical service availability, wocstse location (3m 95 per cent threshold)

171.051.3.7.31.1.3 Reliability The GPS SPS reliabiléiative to the 30 m user range error (URE) statistic in
171.05.1.3.7.3.1.1.1.3 ajpust bewithin the following limits:
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a) reliabilityt at least 99.94 per cent (global average); and
b) reliabilityt at least 99.79 per cent (worst single point average).

171.051.3.7.31.1.4 Probability of major service failure.

Compliance note The different alert indications adescribed in the GPS SPS PS, Section 2.3.4.

171.05.1.3.7.3.1.1.4.1 Satellite major service failure onset rate (Rat)probability that thénstantaneoususer
range error (URE) of any satellite will exceed 4.42 timesdlewant integrity assured user range
accuracy (IAURA) valumoadcast by that satellite without an alert received at the user receiver
antenna within 10 secondsustnot exceedlx10° per hour.

171.05.1.3.7.3.1.1.4.2 Probability of a satellite major service failure condition (Psat). The probability at any given
instant that the instantaneous URE of any satellite will exceed 4.42 times the relevant IAURA value
broadcast by that satellite withoutraalert received at the user receiver antenna within 10
secondsnustnot exceedlx105 .

171.05.1.3.7.3.1.1.4.3 Probability of a commzause major service failure condition (Pconst). The probability at
any given instant that the instantaneous URE of two or more satellites will exceed 4.42 times the
relevant IAURA broadcast by each satellite tb a common fault without an alert received at the
user receiver antenna within 10 seconasistnot exceedlx108 .

171.051.3.7.31.1.5 Continuity.The probability of losindt1 C/Aavailability from a slot of the 2dlot constellation
due to unscheduled interruptiomustnot exceed2x10* per hour.

171.051.3.7.31.1.6 CoverageThe GPS SRiust coverthe surface of the earth up to an altitude of 3 000
kilometres.

Compliance note Guidance material on GPS accuracy, availability, reliabilijpr service
failure, continuityand coverage is given in Attachment 04, 4. Additional information is given
in the GPS SPS PS.

171.05.1.3.7.3.1.1.7 Constellation availability. The probability that 21 or more of the 24 slots will be occupied by
either a satellite broadcasting a trackable and healthy L1 C/A signal in the baseline slot configuration or by a pair
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of satellites each broadcasting a trackable and healthy L1 C/A signal in the expanded slot configunasobs,

at least 0.98. The probability that 20 or more of the 24 slots will be occupied by either a satellite broadcasting a
trackable and healthy L1 C/A signal in the baseline slot configuration or by a pair of satellites each broadcasting a
trackable and health L1 C/A signal in the expanded slot configurationsst beat least 0.99999.

Compliance nota There is currently no corresponding standard for the L5 signal or for the combined L1 C/A
and L5 signals since older satellites in the constellation do not have the capability to broadcast an L5 signal.

171.051.3.7.31.1.8 Radio frequency (RF) characteristics

Compliance note Detailed RF characteristics are specifieMAVSTAR GPS Space
Segment/Navigation User Segment Interfaces, IS N6ePER0O, Rev K (hereinafter referred to as
GEGPSH YO F2NI[m YR b!x{¢!w Dt{ {LIOS {S3YS
GPSrnpX wS@ C 06 KSNBAGPB TnipSINI ONIS TaSSNINSRCRG SiRe Orialr Na L[
Appendix B, 3.1.1.1for L1 and Appendix B, 3.1.1.1.4 for L5.

171.0513.7.31.1.8.1 L1 arrier frequencyEach GPS satelliteust broadcasan SP&angingsignal at the carrier
frequency of 1 575.42 MHz (GPS L1) using code division multiple access (CDMA).

171.05.1.3.7.3.1.1.8.2 L5 carrier frequency. Some GPS satellites shall, in addition, broadcast an SPS ranging signe
at the carrier frequency of 1 176.45 MHz (GPS L5) using CDMA

171.051.3.7.31.1.8.3 Signal spectrumTheLl1 and LSignal powemust becontained within +12 MHz basd
centred on the respective carrier frequenci€$:563.42¢ 1 587.42 MHzYor L1and 1 164.4%; 1
188.45 for L5.

171.051.3.7.3.11.84 Polarization The transmitted_1 and LIRF signalmust beright-hand circularly
polarized.

171.05.1.3.7.3.1.1.8.5 Signal structure. The L1 C/A sigmtlconsisbf one carrier component. The L5 signal
must consisbf two carrier components: aniphase component (I15) and a quadrature
component lagging the #phase component by 90 degrees (Q5).

171.0513.7.31.1.8.6 Signal power leveEach GPS satelliteust broadcas&PS 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 learly-polarized antenna is within thillowing ranges for all antenna
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orientations orthogonal to the direction of propagatiogil58.5 dBW ta;153 dBW for L1 C/A and
¢157.9 dBW ta;150 dBW for each of the I5 and Q5 channels on L5.

171.0513.7.31.1.8.7 Modulation EachSPS Land L5signalmust bebipolar phase shift key (BPSK) modulated

with a pseudo random noise (PRN) code. The C/Aanddmust havea rate of 1.023 megachips
per second. The codes on 15 and@3st havea rate of 10.23 megachips per second.

171.05.1.3.7.3.1.1.8.7.1 The C/A, 15, and Q5 code sequencsderepeated each millisecond.

171.05.13.7.3.1.1.8.7.2 The transmitted code sequence omust bethe Modulo-2 addition of a 5bit-per-
second legacy navigation (LNAV) message and the C/A code.

171.05.1.3.7.3.1.1.8.7.3 The transmitted code sequence anu& bethe Modulo-2 addition of a 5bit-per-
second civil navigation (CNAV) message (rate 1/2 convolution encoded into a 100 symbol per
second stream), a 1Bbit NeumanHofman overlay code clocked at 1 kbps, and the I5 code. The
transmitted code sequence on @bust bethe Modulo-2 addition of a 2tbit NeumanrHofman
overlay code clocked at 1 kbps and the Q5 code.

Compliance note The Q5 signal is not modulated with navigation data.

171.05.1.3.7.3.1.1.8.7.4 Signal coherence. All transmitted signals for any satafiiteecoherently derived from
the same orboard frequency standard. On the L5 channel, the chip transitions of the two
modulating signals, 15 and Q&ust besuch that the average time difference between them does

not exceed 10 nanoseconds.

171.0513.7.31.19 GPS timeGPS timenust bereferenced to UTC (as maintained by the U.S. Naval
Observatory).

171.051.3.7.31.1.10 Coordinate systemlhe GPS coordinate systemust beWGS84.

171.0513.7.31.1.11 Navigation information The navigation data transmitted by the satellitms L1 and L5
must includethe necessary information to determine:

a) satellite time of transmission;

b) satellite position;
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c) satellite health;

d) satellite clock correction;
e) propagation delay effects;
f) time transfer to UTC; and
g) constellation status.

Compliance note Structure and contents of data are specified in AppendixlB,.B8.2 and
3.1.1.1.3for L1, and 3.1.1.1.5 and 3.1.1.1.6 for L5.

171.051.3.7.31.2 GLONASS Channel of Standard Accuracy (C343)(L1

Compliance note The GLONASS signals for CSA are broadcast in two frequency bands identified
as L1 and L3. In the L1 band, two types of signals are broadcast: LLOF with frequency division
multiple access (FDMA) and L10OC with code division multiple access (CDMA). lratitk a3ly

CDMA signals (L30C) are broadcast. ,Except where otherwise spgttifegdrm GLONASS refers

to all satellites in the constellatidnransmitting either FDMA or CDMA signals.

171.051.3.7.31.2.1 Space and control segment accuracy

Compliance note The singlefrequencyaccuracy Standards do not include atmospheric or
receiver errors ionosphere errors are included for dfr@quency combinationgs described in
Attachment D, 41.2.2.

171.051.3.7.31.2.1.1 Positioning accuracyfhe GLONASS CSA position emust not exceedhe following
limits:

Signals L1OF L10C L30C L1OF L10G
L30C L30C

Global average
95% of the time:

111



TECHNICAL STANDARDS
¥ Namibia Civil Aviation Authority (NAMCATS)

( Safety Division

NCAA Part 171: ATENolume 1
Horizontal position error 5m 5m 5m 5m 5m
Vertical positiorerror 9m 9m 9m 9m 9m
Worst site
95% of the time:
Horizontal position error 12m 12m 12m 12m 12m
Vertical position error 25m 25m 25m 25m 25m

171.0513.7.31.2.1.2 Time transfer accuracyThe GLONASS CSA time transfer emarst not exceedthe
following limits95 per cent of the time.

Signals L10OF L10C L30C L10OF L10C
L30C L30C
40 ns 40 ns 40 ns 40 ns 40 ns

171.051.3.7.31.2.1.3 Range domain accuracyhe range domain errenustnot exceedhe following limits:

Signals L1OF L10C L30C L1OF- L10OC-
L30C L30C
Range error of any 18 m 18 m 18 m 18 m 18 m

satellite with reliability
specifiedin 3.7.3.1.2.3

95th percentile range error 11.7m 11.7m 11.7m 11.7m 11.7m
of any satellite
95th percentile range error (-8 M 7.8m 7.8m 7.8m 78m

over all satellites

95th percentile range rate 0.014 m/s 0.014m/s 0.014m/s 0.014m/s 0.014m/s
error of any satellite

95th percentile range 0.005m/s2 0.005m/s2 0.005m/s2 0.005m/s2 0.005m/s2
acceleration error of any

satellite
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171.051.3.7.31.2.2 Availability The GLONASS CSA availahilitgt beas follows:

Signals L1OF L10C L30C L1OF- L10OC-
L30C L30C
Averagelocation:
Horizontal service 99%, 99%, 99%, 99%, 99%,
availability (12m95% (12m95% (12m95% (12m95% (12 m 95%
threshold) threshold)  threshold) threshold)  threshold)
Vertical service 99%, 999%, 99%, 99%, 99%,
availability (25m95% (25m95% (25m95% (25m95% (25 m 95%
threshold) threshold)  threshold) threshold)  threshold)
Worstcase location:
Horizontal service 90%, 90%, 90%, 90%, 90%,
availability (12m9%% (12m95% (12m95% (12m95% (12 m 95%
threshold) threshold)  threshold) threshold)  threshold)
Vertical service 90%, 90%, 90%, 90%, 90%,
availability (25m95%  (25m95% (25m95% (25m95% (25 m 95%
threshold threshold threshold threshold threshold
171.051.3.7.3.2.3 Reliability The GLONASS CSA relialmiitgt bewithin the following limits:
Signals L1OF L10C L30C L1OF- L10C-
L30C L30C
Global average 99.37% 99.37% 99.37% 99.37% 99.37%
Worst single point average 99.14% 99.14% 99.14% 99.14% 99.14%

171.05.1.3.7.3.1.2.4 Probability of major service failure. The probability that the user range error (URE) of any
satellite will exceed the following tolerance without an alert received at the user receiver antenna within 10
secondanustnot exceedhe following probability:
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Signals L1OF L10C L30C L10OF- L10C-
L30C L30C
Constellation fault 1x104, 1x104, 1x104, 1x104, 1x104,
(Pconst) (70 m (70 m (70 m (70 m (70 m

threshold) threshold) threshold) threshold) threshold)

170.05.1.3.7.3.1.2.6 Continuity. The probability of losing GLONASS CSA healthy signal availability from a slot of
the nominal 24slot constellation due to unscheduled interruptiamustnot exceedhe following limit:

Signals L1OF L10C L30C L1OF- L10OC-
L30C L30C
Signal continuity 2x103 2x103 2x103 2x103 2x103

171.0513.7.31.2.7 CoverageThe GLONASS Gfidst coverthe surface of the earth up to an altitude of 2 000
km.

Compliance note Guidance material on GLONAggSBuracy, availability, reliability and
coverage is given in Attachment D1 2.

171.051.3.7.31.2.8 LIORRF characteristics
Compliance note Detailed RF characteristics are specified in Appendid B,131.
171.0513.7.31.2.8.1 Carrier frequencyeach GLONASS sateltitast broadcas€CSA navigation signal at its own
carrier frequency in the L1 (1.6 GHz) frequency band using frequency division multiple access

(FDMA).

Compliance notd.1 GLONASS satellites may have the same carrier frequency but in this case
they are located in antipodal slots of the same orbital plane.

Compliance not@.1 GLONASH satellites will broadcast an additional ranging code at carrier
frequencies in the L2 (1.2 GHz) frequency band using FDMA.
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171.051.3.7.3L.28.2 Signal spectrumGLONASS CSA signal pawest becontained within a +5.75 MHz band
centred on each GLONASS carrier frequency.

171.051.3.7.31.2.8.3 Polarization The transmitted RF signalust beright-hand circularly polarized.

171.051.3.7.31.28.4 Signal power leveEach GLONASS satelfitast broadcastCSA 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 learly polarized antenna is within the rangecd®1 dBW ta;155.2 dBW
for all antenna orientations orthogonal to the direction of propagation.

Compliance noté.t The power limit of 155.2 dBW is based on the predetermined characteristics
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 |eéveldase).

Compliance not21 GLONASHE 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 recéisigph® at the
antenna port of a 3 dBi linearly polarized antenna is not less ti&7 dBW for all antenna
orientations orthogonal to the direction of propagation.

171.051.3.7.31.2.8.5 Modulation

171.0513.7.31.285.1 Each GLONASS satatfiitest transmitat its carrier frequency the navigation RF signal
using aBPSK modulatebinary train. The phase shift keying of the carrimust beperformed at
"~ -radians with the maximum error +0.2 radian. The psewmalodom code sequencenust be

repeated each millisecond.

171.0513.7.31..28.5.2 The modulating navigation signalst begenerated by the Modulk® 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.
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171.05.1.3.7.3.1.2.9 L30C RF characteristics
Compliance note Detailed RF characteristics are specified in Appendix B, 3.1.2.1.5.

171.05.1.3.7.3.1.2.9.1 Carrier frequency. GLONASS L30OC navigationraighalsbroadcast at
the carrier frequency of 1 202.025 MHz using code division multiple access (CDMA).

171.05.1.3.7.3.1.2.9.2 Signal spectrum. GLONASS CSA L30C sigmalipphesontained within
the 1 190.3%; 1 212.23 Hz band.

171.05.1.3.7.3.1.2.9.3 Polarization. The transmitted L30C sigrstlberight-hand circularly
polarized.

171.05.1.3.7.3.1.2.9.4 Signal power level. GLONASS L30OC navigatiomsighdlsbroadcast

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 polaizantenna is within the range qil58.5 dBW ta;

155.2 dBW for all antenna orientations orthogonal to the direction of propagation.

Compliance note The power limit of 155.2 dBW is based on the predetermined characteristics
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 leneldase).

171.05.1.3.7.3.1.2.9.5 Modulation

Compliance note Additional information concerning the modulation is given in the GLONASS
CDMA ICD Open Service Navigation Signal in L3 frequency band (Edition 1.0), dated 2016
OKSNBAYI FGSNI NBFSNNBR (2 |a aD[hb!{{ /5a! L/¢

171.05.1.3.7.3.1.2.9.5.1 GLONASS L30C navigation sigishisontairtwo components using the

same BPSK(X:@)odulated binary train: an iphase data component and a quadratypbase pilot
component identified as L30OCd and L3OCp, respectively. The pilot component leads the data
component by p/2 radians.

171.05.1.3.7.3.1.2.9.5.2 The L30Cd signal compomesttbegenerated by the Modul@ addition
of the following three binary signals:

a) ranging code with length N=10230, period T=1 ms, clock rate 10.23 MHz;
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b) 100 bits/s navigation message encoded using a convolutional encoder with constraint length 7
and code rate 1/2 to yield 200 symbols per second; and
O0 20SNI e O2RS annnmné BAGK LISNA2R ¢I'p Yao

171.05.1.3.7.3.1.2.9.5.3 The L30Cp signal compomesttbegenerated by the Modul@ addition
of the following two binary signals:

a) ranging code with length N=10230, period T=1 ms, clock rate 10.23 MHz; and

00 20SNIle O2RS é¢nnnammnanmnmé gAGK LISNAR2R ¢TI wm.

171.05.1. 3.7.3.1.2.10 L10OC RF characteristics
Compliance note Detailed RF characteristics are specified in Appendix B, 3.1.2.1.5.

171.05.1.3.7.3.1.2.10.1 Carrier frequency. GLONASS L10OC navigatiomsighbé&broadcast at
the carrier frequency of 1600.995 MHz using code division multiple access (CDMA).

171.05.1.3.7.3.1.2.10.2 Signal spectrum. GLONASS CSA L10C signaiysbvirercontained
within the 1 592.%; 1 610 MHz band.

171.05.1.3.7.3.1.2.10.3 Polarization. The transmitted L10C sigmnstl beright-hand circularly
polarized.

171.05.1.3.7.3.1.2.10.4 Signal power level. GLONASS L10OC navigatiomsighbkEbroadcast

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 polaizantenna is within the range ql58.5 dBW tq;

155.2 dBW for all antenna orientations orthogonal to the direction of propagation.

Compliance note The power limit of 155.2 dBW is based on the predetermined characteristics 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 leveldase).

171.05.1.3.7.3.1.2.10.5 Modulation
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Compliance note Additional information concerning the modulation is given in the GLONASS
CDMA ICD Open Service Navigation Signal in L1 frequency band (Edition 1.0), dated 2016
OKSNBAYI FGSNI NBFSNNBR (2 a aD[hb!{{ /5a! L/t

171.05.1.3.7.3.1.2.10.5.1 GLONASS L10C navigation sigisalsontairtwo components: a data
component and a pilot component identified as L10Cd and L10Cp, respectively. Both components
must beat one phase quadrature using tirgévision multiplexing. L1O@ulst bemodulated using
binaryphase shifkeying BPSK(1), while L1O@&st bemodulated by binary offset carrier BOC(1,1)
modulation.

171.05.1.3.7.3.1.2.10.5.2 The L10OCd signal compomeist be generated by the Modul@
addition of the following three binary signals:

a) ranging code with length N=1023, period T=2 ms, clock rate 0.5115 MHz;
b) 125 bits/s navigation message encoded using a convolutional encoder with constraint length 7
and code rate 1/2 to yield 250 symbols per second; and

Q0 20SNIle O2RS danmé oAGK LISNAZ2R ¢I'n Yao

171.05.1.3.7.3.1.2.10.5.3 The L10OCp signal compomeist be generated by the Modul@
addition of the following two binary signals:

a) ranging code with length N=4092, period T=8 ms, clock rate 0.5115 MHz; and
00 YSIYRSN) aS1jdzSy0S danmnmé 6AGK Of 201 NI GS H<

171.0513.71.3.211 GLONASS tim&LONASS timmust bereferenced to UTC(SU) (as maintained by the
National Time Service of Russia).

171.0513.71.3.212 Coordinate systemlhe GLONASS coordinate systenst bePZ90.

Compliance note Conversion from the P30 coordinate system used by GLONASS to the WGS
84 coordinates is defined in Appendix B,25.2.

171.051.3.7.31.2.13 Navigation informationThe navigation data transmitted by the satelliteist includethe
necessary information to determine:

a) satellite time of transmission;

b) satellite position;
118



TECHNICAL STANDARDS

W Namibia Civil Aviation Authority (NAMCATYS)
K Safety Division
NCA

A Part 171: ATENOolume 1

NAMIBLA CIVIL AVIATION AUTHORITY

c) satellite health;

d) satellite clock correction;

e) time transfer to UTC; and

f) constellation status

g) lonospheric delay effects (L1OC, L30OC gl

h) Satellite orientation in umbra (LIOC, L3OC only).

Compliance note Structure and contents of data are specified in AppendixlE,. B.2 and
3.1.2.1.3, respectively.

171.05.13.7.3.1.3 Galileo Open Service (Galileo OS) (E1, E5)

Compliance notd.1 The Galileo signals for Galileo OS are broadcast in two frequency bands
identified as E1 and E5. In the E5 band, two types of signals are broadcast with code division
multiple access (CDMA): E5a and E5b. For aviation purposes, the Galilefrsinglecy OS is
based on either E1 or E5a signals; and the GalileoftRguiency OS is based on a combination
of E1 and Eba signals.

Compliance not€.t The E5b signal component is described in NMASICATSince it is a subset of
the overall Galileo signal modulated on the E5 frequency carrier. However, there is currently no
intention that the E5b signal be used by aviation receivers.

Compliancenot81 ¢ KS F2tf2gAy3 LISNF2N¥YI yOS & Gih-spde NRA
are used (see Appendix B, 3.1.3.1.3.4).

Compliance notd.1 The following performance standards do not include atmospheric or receiver
errors such as ionosphere, troposphere, interference, receiver noise or multipath.
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Compliance not®é.1 Guidance material on Galileo OS accuracy, availability, continuity, probability
of satellite/constellation failure and coverage, is given in Attachment D, 4.1.3. 3.7.3.1.3.1
Positioning accuracy. The Galileo position ermustnot exceedhe following limits:

Signals E1l Eba EI1-Eb5a

Globalaverage@5%of thetime:
Horizontalpositionerrorovera measuremergeriodof 30days 5m 5m 5m

Vertical positionerrorover ameasuremergeriod of30 days 8m 8m 8m

Worstsite 95%of thetime:
Horizontalpositionerrorovera measuremereriodof 30days 10m 10m 10m

Vertical positionerrorover ameasuremergeriod of30 days 16m 16m 16m

171.05.13.7.3.1.3.2 Time determination accuracy. The Galileo UTC time determinatiomarsbr
not exceed30 nanoseconds, 95 per cent of the time.

171.05.13.7.3.1.3.3 Range domain accuracy. The Galileo range domainrarsbnot exceedhe
following limits:

Signals El ES5a E1-E5a

99.9thpercentilerangeerrorof anysatellite(worstcasdlocation) 20 m 20m 20m

99.9thpercentilerangeerrorof any satellite(globalaverage) 10 m 10 m 10 m
95thpercentilerangeerrorof anysatellite(globalaverage) 7m 7m 7m
95thpercentilerangeerroroverall satellitegglobalaverage) 2m 2m 2m

95thpercentilerangerateerrorof anysatellite(globalaverage) 5 mm/s 5 mm/s 5 mm/s

Compliance notd.1 The ranging accuracy considers only healthy Galileo OS SIS above a minimum
elevation angle of 5 degrees.
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Compliance not@.1 Singlefrequency (E1 or E5a) ranging accuracy includes broadcast group delay
(BGD) errors. BGD definition is specified in Attachment D, 4.1.3.3.2.

3.7.3.1.3.4 Availability. The Galileo OS availabiitgt beas follows:

Signals E1l E5a El-E5a
Averagelocation:
Horizontalserviceavailabilityovera  99% 99% 99%
measuremergeriod of30 days (10 m95%threshold) (10 m95% (10 m95%
threshold) threshold)
Vertical serviceavailability overa 99% 99% 99%
measuremereriod of30 days (16 m95%threshold) (16 m95% (16 m95%
threshold) threshold)
Worstcasdocation:
Horizontalserviceavailability overa 90% 90% 90%
measuremergeriod of30 days (10 m95%threshold) (10 m95% (10 m95%
threshold) threshold)
Vertical serviceavailability overa 90% 90% 90%
measuremergeriod of30 days (16 m95%threshold) (16 m95% (16 m95%
threshold) threshold)

171.05.13.7.3.1.3.5 Probability of satellifailure (Psa). The probability thatonesatelliteof Galileo
operational core constellation provides an instantaneous SIS range error higlhdimtiesrthe
GalileouserrangeaccuracyGalileo URA) and nonotificationis givento the usermustnot
exceed3x10°

Compliance notd.1 A change in the SIS health status is notified through the flags contained in the
navigation message. The mapping between Galileo SIS status and flags contained in the
navigation data message is specified in Appendix B, 3.1.3.1.3.4. In the futueefldgssmay be
complemented with an additional flag specific for aircdadtsed augmentation system (ABAS)
users.

Compliance not®t Gal i | eo URA c o r urerfopdoatfcegueneyiusefs erto t o 0
urasefor single frequencyusers

Compliance not&.1 Psy definition is further specified in Attachment D, 4.1.3.6.1.
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171.05.13.7.3.1.3.6 Probability of constellatidailure (Peons). The probability that, due to a common

cause,any subset of two or more satellites witlthalileo operational constellation provides an
instantaneous Sta8nge error higher thaatimes the Galileo URA and no notification is given to the
user,mustnot exceed®x104.

Compliance notd.T A change in the SIS health status is notified through the flags contained in the
navigation message. The mapping between Galileo SIS status and flags contained in the
navigation data message is specified in Appendix B, 3.1.3.1.3.4. In the futuesfldg=ssmay be
complemented with an additional flag specific for ABAS users.

Compliance notet Gal i | eo URA c o r useropdoatfegueneyiusefs erto t o 0
urasefor single frequencyusers.

Compliance not&.1 Pconstdefinition is further specified in Attachment D, 4.1.3.6.2.

171.05.13.7.3.1.3.7 Galileo URA for ddegquency ( URA,DF). GaliledJRA,Dnustnot exceedb
m.

Compliance notd.1 " URA,DF applies to a difaéquency EZES5a signal combination.
Compliance not@.1 " URA,DF is defined in Attachment D, 4.1.3.6.3.
171.05.13.7.3.1.3.8Galileo URAfor singlefrequency( wka sd. Galileotiura ssmustnot exceed.5m.
Compliance notd.1 Uurasrappliesto a singlefrequencyuser,either E1 orE5a.

Compliance not@.1 Curasris definedin Attachment D, 4.1.3.6.4

171.05.13.7.3.1.3.9 Continuity. The probability of losing Galileo OS SIS availability from a slot of the
nominal 24slot constellation due to unscheduled interruptianustnot exceedhe following

limit:
Signals El E5a El-E5a
Continuity 4x10* perhour 4x10*perhour 4x10* perhour

122



/‘X
NCA

A Part 171: ATENOolume 1

NAMIBLA CIVIL AVIATION AUTHORITY

TECHNICAL STANDARDS

Namibia Civil Aviation Authority (NAMCATYS)
Safety Division

171.05.13.7.3.1.3.10 Coverage. The Galileon@fSt coverthe surface of the earth up to an altitude
of 30.48 km.

171.05.13.7.3.1.3.11 Radio frequency (RF) characteristics. All Galileo satallistdroadcast
Galileo OS signals E1, E5a and E5b.

Compliance notd.1 E5a and E5b signals are multiplexed together through an AltBOC scheme and
transmitted at the E5 carrier frequency centred at 1191.795 MHz. AItBOC modulation allows E5a
signal components and E5b signal components to be recovered separately by usifika Q
receiver centred on the individual E5a and E5b frequencies.

Compliance not@.1 AltBOC modulation is specified in Appendix B, 3.1.3.1.1.3.13.

Compliance not&.1 Detailed Galileo signals RF characteristics are specified in Appendix B,
3.1.3.1.1.

171.05.13.7.3.1.3.11.1 E1 radio frequency (RF) characteristics

171.05.13.7.3.1.3.11.1.1 E1 carrier frequency. Each Galileo satailist broadcastl signal at the
carrier frequency of 1575.420 MHz using CDMA.

171.05.13.7.3.1.3.11.1.2 E1 signal spectrum. The Galileo signal powerrandt becontained
within a 24.552 MHz band centred on the E1 frequency.

171.05.13.7.3.1.3.11.1.3 E1 signal polarization. The transmitted E1 RFrsigstaberight-hand
circularly polarized.

171.05.13.7.3.1.3.11.1.4 E1 minimum signal power level. Each Galileo sataltebroadcasan E1
navigation signal 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 dBalily-polarized antennanust not beless than
¢157.9 dBW for all antenna orientations orthogonal to the direction of propagation.

171.05.13.7.3.1.3.11.1.5 E1 maximum signal power level. Each Galileo saelftdbroadcasan
E1 navigation signal such that the level of the received RF signal at the antenna port of a 3 dBi
linearly polarizecantennamustnot exceed;151.45 dBW.
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171.05.13.7.3.1.3.11.1.6 E1 signal modulation. The E1 signat bea compaosite binary offset
carrier (CBOC) generated by multiplexing a wideband binary offset carrier (BOC) signal BOC(6,1)
with a narrowband signal BOC(1,1) in such a way that 1/11 of the power is allocated, in average,
to the high frequency component.

Compliance notet CBOC modulation is specified in Appendix B, 3.1.3.1.1.2.7.
171.05.13.7.3.1.3.11.2 E5a radio frequency (RF) characteristics

Compliance note Additional information concerning the overall E5 signal modulation is given in
the European GNSS (Galileo) Open Service Sig8phce Interface Control Document (Issue
HOnOX RFEGSR WFHydzr NBE HAaHM OKSNBAYIl FGSNI NBFSNNE

171.05.13.7.3.1.3.11.2.1 E5a carrier frequency. Each Galileo satallist broadcasE5a signal at
the carrier frequency of 1 176.45 MHz using CDMA.

171.05.13.7.3.1.3.11.2.2 E5a signal spectrum. The Galileo signal power emusbhecontained
within a 20.460 MHz band centred on the E5a frequency.

171.05.13.7.3.1.3.11.2.3 E5a signal polarization. The transmitted E5a RFmsigstdderight-hand
circularly polarized.

171.05.13.7.3.1.3.11.2.4 E5a minimum signal power level. Each Galileo satelbtebroadcasan
E5a navigation signal 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 3id&atly-polarized antennanust not be
less thang155.90 dBW for all antenna orientations orthogonal to the direction of propagation.

171.05.13.7.3.1.3.11.2.5 E5a maximum signal power level. Each Galileo sateliitdoroadcasan
E5a navigation signal such that the level of the received RF signal at the antenna port of a 3 dBi
linearly polarizec&antennamustnot exceed;149.45 dBW.

171.05.13.7.3.1.3.11.2.6 E5a signal modulation. The E5a sigustl begenerated from Module?
addition of the E5a navigation data stream with the 10.23 megachips per second E5a data
channel ranging code (Ebg and the 10.23 megachips per second E5a pilot channel ranging
code (E5&)).
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171.05.13.7.3.1.3.11.3 E5b radio frequency (RF) characteristics

Compliance notg Additional information concerning the overall E5 signal modulation is given in
Galileo OS SIS ICD.

171.05.13.7.3.1.3.11.3.1 E5b carrier frequency. Each Galileo satallist broadcasE5b signal at
the carrier frequency of 1207.14 MHz using CDMA.

171.05.13.7.3.1.3.11.3.2 E5b signal spectrum. The Galileo signal power anusbbecontained
within a 20.460 MHz band centred on the E5b frequency.

171.05.13.7.3.1.3.11.3.3 E5b signal polarization. The transmitted E5Sb RFraigstaberight-hand
circularly polarized.

171.05.13.7.3.1.3.11.3.4 E5b minimum signal power level. Each Galileo sateltebroadcasan
E5b navigation signal 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 3id&atly-polarized antennanust not be
less than;155.90 dBW for all antenna orientations orthogonal to the direction of propagation.

171.05.13.7.3.1.3.11.3.5 E5b maximum signal power level. Each Galileo satelitdbroadcasan

E5b navigation signal such that the level of the received RF signal at the antenna port of a 3 dBi

linearly polarizecantennamustnot exceed;149.45 dBW.

171.05.13.7.3.1.3.11.3.6 E5b signal modulation. The E5b sigusi begenerated from Module?
addition of the E5b navigation data stream with the 10.23 megachips per second E5b data
channel ranging code (E8) and the 10.23 megachips per second E5b pilot channel ranging
code (E5HQ).

171.05.13.7.3.1.3.12 Galileo system time. Galileo system time (@83t)bereferenced to UTC
BIPM (UTC as coordinated by the International Bureau of Weights and Measures).

Compliance notg Further details on GST are specified in Appendix B, 3.1.3.4.1.
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171.05.13.7.3.1.3.13 Coordinate system. The Galileo coordinate systest beGalileo Terrestrial
Reference Frame (GTRF).

Compliance nota GTRF details are specified in Appendix B, 3.1.3.5.2.

171.05.13.7.3.1.3.14 Navigation information. The navigation data transmitted by the satetliilss
includethe necessary information to determine:

a) satellite time of transmission;
b) satellite position;

c) satellite health;

d) satellite clock correction;

e) ionospheric delay effects;

f) time transfer to UTC; and

g) constellation status.

Compliance nota Structure and contents of data are specified in Appendx B3.1.2 and
3.1.3.1.2, respectively.

171.05.13.7.3.1.4 BDS Open Service (BDS 0OS) (B1l, B1C, B2a)
Compliance notd.t The BDS OS signals are broadcast in three frequency bands identified as
B1l, B1C and B2a. The singguency BDS OS is based on any one of the B1l, B1C or B2a signals.

The duaffrequency BDS OS is based on a combination of the B1C and B2a signals.

Compliance not2.t BDS OS signals Bl1l, B1C and B2a are broadcast by-al(BDS third
phase) medium earth orbit (MEO) and inclined geosynchronous orbit (IGSO) satellites.

Compliance note3.t All requirements specified in this section are based on the-BDS
constellation configuration of 24 MEO and 3 IGSO satellites.
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171.05.13.7.3.1.4.1 Space and control segment accuracy
Compliance notg The following accuracy standards do not include atmospheric or receiver

errors as described in Attachment D, 4.1.4.2. They only apply under the condition that the aircraft
receiver uses healthy satellites.

171.05.13.7.3.1.4.1.1 Positioning accuracy. The BDS position emast not exceedthe
following limits:

Signals B11 BIC B2a B1C- B2a

Range error of any satellite with 15m 15m 15m 15m
reliability specified in 3.7.3.1.4.3

95th percentile error of any 46m 4.6 m 4.6 m 4.6 m
satellite over a measurement
period of 7 days (global average)

95th percentile range rate error of 0.02 m per 0.02 m per 0.02 m per 0.02 m per
any satellite (global average) second second second second

95th percentile range acceleration 0.008 m per 0.008 m per 0.008 m per 0.008 m per

error of any satellite (global second second second second
average) squared squared squared squared

171.05.1.3.7.3.1.4.1.2 Time transfer accuracy. The BDS OS time transfanestarot exceed50
nanoseconds, 95 per cent of the time.

171.05.1.3.7.3.1.4.1.3 Range domain accuracy. The BDS range domaim@stoot exceedthe
following limits:
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Signals B11l B1C B2a B1C-B2a
Range error of any satellite with 15m 15m 15m 15m
reliability specified in 3.7.3.1.4.3
95th percentile error of any 46m 46m 46m 46m
satellite over a measurement
period of 7 days (global average)
95th percentile range rate error of 0.02 m per 0.02 m per 0.02 m per 0.02 m per
any satellite (global average) second second second second
95th percentile range acceleration 0.008 m per 0.008 m per 0.008 m per 0.008 m per
error of any satellite (global second second second second
average) squared squared squared squared
171.05.1.3.7.3.1.4.2 Availability. The BDS OS availabilgy beas follows:
Signals Bll BIC B2a BIC-B2a

Average location:

Horizontal service
availability over a
measurement period of
7 days

Vertical service
availability over a
measurement period of
7 days

Worst-case location:

Horizontal service
availability over a
measurement period of
7 days

Vertical service
availability over a
measurement period of

= 99% (15 m 95%
threshold)

= 99% (22 m95%
threshold)

= 90% (15 m 95%
threshold)

= 90% (22 m 95%
threshold)

= 90% (15 m 95%
threshold)

= 90% (22 m 95%
threshold)

= 90% (15 m 95%
threshold)

= 90% (22 m 95%
threshold)

= 99% (15 m 95%
threshold)

= 99% (22 m 95%
threshold)

= 90% (15 m 95%
threshold)

= 90% (22 m 95%
threshold)

= 99% (15 m 95%
threshold)

= 99% (22 m 95%
threshold)

= 90% (15 m 95%
threshold)

= 90% (22 m 95%
threshold)

Compliance notet Availability applies under the condition that the aircraft receiver uses healthy

satellites.

1
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171.05.1.3.7.3.1.4.3 Reliability. The BDS OS reliability relative to the 15 m range error requirement in
3.7.3.1.4.2must bewithin 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).

Compliance noter Reliability applies under the condition that the satellite is broadcasting a healthy
indication.

171.05.13.7.3.1.4.4 Probability of major service failure

Compliance nota The standards apply under the condition that the satellite is broadcasting a
healthy indication.

171.05.13.7.3.1.4.4.1 Probability of a satellite major service failure condition (Psat). The probability
that the BDS OS SIS user range error of any satellite will exceed #tearateed (NTE) tolerance
without an alert received at the user receiver antenna witB0O0 secondsnustnot exceedlx10
5 . 171.05.13.7.3.1.4.4.2 Probability of a commaause major service failure condition
(Pconst).The probability that the BDS OS SIS user range error of two or more satellites will exceed
the NTE tolerance due to a comon fault without an alert received at the user receiver antenna
within 300 secondsnustnot exceedx105

Compliance notd..t For B1l signals, the NTE tolerance is defined to be 4.42 times the upper bound
of the URA range corresponding to the URA index (URAI) value being broadcast in D1 navigation
messages, as described in Appendix B, section 3.1.4.1.3.1.2.

Compliance not@.1 For B1C and B2a signals, the NTE tolerance is defined to be 4.42 times the signal
in-space accuracy (SISA) value calculated as described in Appendix B, section 3.1.4.2.5.

Compliance not&8.1 The mapping between BDS B1l SIS status and BDS Bl1l flags contained in the
navigation data message is specified in Appendix B, 3.1.4.1.3.1.3. The mapping between BDS B1C
and B2a SIS status and BDS B1C and B2a flags contained in the navigation da is)sgscified
in Appendix B, 3.1.4.1.3.2.7.2.
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171.05.1.3.7.3.1.4.5 Continuity. The probability of losing BDS OS SIS availability from a slot of the
nominal 27slot constellation due to unscheduled interruptiomust not exceedthe following
limits:

Signals B1l BIC B2a
MEO 2x107 per hour 2x107 per hour 2x107 per hour
IGSO 5%107 per hour 2x107* per hour 2x107 per hour

Compliance nota Continuity applies under the condition that the satellite is broadcasting a healthy
indication.

171.05.13.7.3.1.4.6 Coverage. BDSm&t coverthe surface of the earth up to an altitude of 1 000
km.

3.7.3.1.4.7 Radio frequency (RF) characteristics
Compliance note Detailed BDS OS signals RF characteristics are specified in Appendix B, 3.1.4.1.1.
171.05.13.7.3.1.4.8 B1l radio frequency (RF) characteristics
171.05.13.7.3.1.4.8.1 B1I carrier frequency. Each BD&EO or IGSO satellteust broadcasa BDS
B1l OS signal at the carrier frequency of 1 561.098 MHz using code division multiple access

(CDMA).

171.05.13.7.3.1.4.8.2 B1l signal spectrum. The BDS OS B1I signalrpostdrecontained within a
+2.046 MHz band (1 559.0821 563.144 MHz) centred on the 1 561.098 MHz frequency.

171.05.13.7.3.1.4.8.3 B1l signal polarization. The transmitted B1ll RF smml be right-hand
circularly polarized.

171.05.13.7.3.1.4.8.4 B1l signal power levels
171.05.13.7.3.1.4.8.4.1 Each BBSMEO satellitemust broadcasta B1l navigation signal 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
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antenna port of a 3 dBi linearyolarized antenna is within the range ¢if63 dBW ta;154.8 dBW
for all antenna orientations orthogonal to the direction of propagation.

171.05.13.7.3.1.4.8.4.2 Each BI3SIGSO satellitanust broadcasta B1ll navigation signal 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 dBidearly-polarized antenna is within the range ¢if63 dBW ta;156.5 dBW
for all antenna orientations orthogonal to the direction of propagation.

171.05.13.7.3.1.4.8.5 B1lI signal modulation. The BDS OS B1l wigstabebinary phase shift key
(BPSK) modulated.

171.05.13.7.3.1.4.9 B1C radio frequency (RF) characteristics

171.05.13.7.3.1.4.9.1 B1C carrier frequency. Each-BIMEO or IGSO satelliteust broadcasa BDS
OS B1C signal at the carrier frequency of 1 575.42 MHz using CDMA.

171.05.13.7.3.1.4.9.2 B1C signal spectrum. The BDS OS signal powerrans b€contained within
a 32.736 MHz band centred on the B1C frequency.

171.05.13.7.3.1.4.9.3 B1C signal polarization. The transmitted B1C RF migsiabe right-hand
circularly polarized.

171.05.13.7.3.1.4.9.4 B1C signal power levels

171.05.13.7.3.1.4.9.4.1 Each BBSMEO satellitemust broadcasta B1C navigation signal 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 dBidearly-polarized antenna is within the range 59 dBW ta;152.5 dBW
for all antenna orientations orthogonal to the direction of propagation.

171.05.13.7.3.1.4.9.4.2 Each BBSIGSO satellitenust broadcasta B1C navigation signal 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
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antenna port of a 3 dBi linearlyolarized antenna is within the range ¢if61 dBW ta;153.5 dBW
for all antenna orientations orthogonal to the direction of propagation.

171.05.13.7.3.1.4.9.5 B1C signal modulation. The B1C sigusti compriséwo components, known
as B1C data component and B1C pilot component. The B1C data compurstritesine-phased
binary offset carrier (BOC) modulated with the Mod@l@ddition of the ranging code and the
navigation data. The B1C pilot componanust be quadrature multiplexed BOC (QMBOC)
modulated with the ranging code. Ranging codes on B1C data component and B1C pilot
componentmust havethe same chipping rate of 1.023 megachips per second.

Compliance notg Additional information concerning B1C modulation is given in the BeiDou
Navigation Satellite System Signal In Space Interface Control Document Open Service Signal B1C
0xSNEA2Y MPn0X RIFEGSR 5SOSYOSNI HAMT GAHRENBAY L T

171.05.13.7.3.1.4.10 B2a radio frequency (RF) characteristics

171.05.13.7.3.1.4.10.1 B2a carrier frequency. Each-BD&O and IGSO satelliteust broadcasta
BDS OS B2a signal at the carrier frequency of 1 176.45 MHz using CDMA.

171.05.13.7.3.1.4.10.2 B2a signal spectrum. The BDS OS signal power amuf2he contained
within a 20.46 MHz band centred on the B2a frequency.

171.05.13.7.3.1.4.10.3 B2a signal polarization. The transmitted B2a RF sigstlbe right-hand
circularly polarized.

171.05.13.7.3.1.4.10.4 B2a signal power levels

171.05.1.3.7.3.1.4.10.4.1 Each BBSMEO satellitenust broadcasta B2a navigation signal 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 dBifearly-polarized antenna is within the range ¢if56 dBW ta;148.5 dBW
for all antenna orientations orthogonal to the direction of propagation.

171.05.13.7.3.1.4.10.4.2 Each BBSGSO satellitenust broadcasta B2a navigation signal 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
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antenna port of a 3 dBi linearyolarized antenna is within the range ¢if58 dBW ta;150.5 dBW
for all antenna orientations orthogonal to the direction of propagation.

171.05.13.7.3.1.4.10.5 B2a signal modulation. The B2a signat compriséwo components, known
as B2a data component and B2a pilot component. The B2a data compaonesit be BPSK
modulated with the Module2 addition of the ranging code and the navigation data. The B2a pilot
component must be BPSK modulated with the ranging code. Ranging codes on B2a data
component and B2a pilot componentust havethe same chipping rate of 10.23 megachips per
second.

Compliance note Additional information concerning B2a modulation is given in the BeiDou
Navigation Satellite System Signal In Space Interface Control Document Open Service Signal B2a
0+SNEAZ2Y M®n0X RFEGSR 5SOSYOSNI HAaMT GHKENBAYIl T

171.05.13.7.3.1.4.11 BDS time. BDS time (BRU$t bereferenced to UTC as maintained by the
National Time Service Center (NTSC), Chinese Academy of Sciences.

Compliance note BDT details are specified in Appendix B, section 3.1.4.4. 3.7.3.1.4.12 Coordinate
system. The BDS coordinate systemist be BeiDou Coordinate System (BDG&)mpliance
note.t BDCS details are specified in Appendix B, section

171.05.13.1.4.5. 3.7.3.1.4.13 Navigation information. The navigation data transmitted by the
satellitesmust includethe necessary information to determine:

a) satellite time of transmission;

b) satellite position;

c) satellite health;

d) satellite clock correction;

e) ionospheric delay effects;

f) time transfer to UTC; and

g) constellation status.

171.05.1.3.7.3.2 Reserved

171.051.3.7.3.3 Aircrafbased augmentation system (ABAS)
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171.051.3.7.3.3.1 PerformanceThe ABAS function combined with one or more of the other GNSS elements and
both afault free GNSS receiver and fatitee aircraft system used for the ABAS functioost
meet the requirements for accuracy, integrity, continuity and availability as stated in
171.051.3.7.2.4for the intended operation

Compliance noteFor the GNSS receivers supporting the ABAS function, the requirements to be resistant to
interference, as specified in 171.01.5.3.7.4, apply.

171.0513.7.3.4 Satellitebased augmentation system (SBAS)

Compliance nota All SBAS have to fulfil the requirements introduced in this section and in Appendix B, 3.5
except when a specifmondition is mentioned in the requirement such as the provision of
optional functions.

171.051.3.7.3.4.1 Performance SBAS combined with one or more of the other GNSS elements and-fdault
receivermust meetthe requirements for system accuracy, integrity, continuity and availability for
the intended operation as stated t71.051.3.7.2.4, throughout the corresponding service area
(seel71.051.3.7.3.4.3).

Compliance note SBAS complements the core satellite constellation(s) by increasing accuracy,
integrity, continuity and availability of navigation provided within a service area, typically
including multiple aerodromes.

171.0513.7.3.4.1.1 SBAS combined with one or more of the other GNSS elements andradaalteivemust
meetthe requirements for signdh-space integrity as stated t71.051.3.7.2.4, throughout the
SBAS coverage area.

Compliance note For L1 SBAS assage 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 provided in Attachment D, ar&d 6.2.3

171.051.3.7.3.4.2 FunctionsSBASnust performone or more of the following functions:

a) L1 SBA&nNging: provide an additionahngingsignal with an accuracy indicator from an SBAS
satellite (171.051.3.7.3.4.3and Appendix B, 3.5.7.2);

b) L1 SBASGNSS satellite status: determine and transmit the GNSS satellite health status
(Appendix B, 3.5.7.3);
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c) L1 SBA®asic differential correction: provide GNSS satellite ephemeris and clock corrections
(fast and longerm) to be applied to thelL1l pseuderange measurements from satellites
(Appendix B, 3.5.7.4);

d) L1 SBAPrecise differential correction: determine and transrhitthe ionospheric corrections
and associated integrity daf@ppendix B, 3.5.7.5)

e) duaHrequency, multiconstellation (DFMC) SBAS ranging: provide additional ionosifiteere
ranging capability using L1 and L5 signals from SBAS satellites (Appendix B, 3.5.14.2); and

f) DFMC SBAS ionosphdree differential correction: determine and transmit GNSS satellite
health status, satellite ephemeris and clock corrections to be applied to the ionosfrieere
pseuderange measurements from satellites (Appendix B, 3.5.14.3) andiasst integrity
data.

Compliance notd.t For singleéfrequency users, if functions b) and c¢) are provided, SBAS in
combination with core satellite constellation(s) can support departureoete, terminal and non
precision approach operations, and if function d) is provided in addition to b})atiten SBAS
can also support precision approach operations including Category |.

Compliance not.1 For dualfrequency users, if function f) is provided, SBAS in combination
with core satellite constellation(s) can support departure-reate, terminal, norprecision
approach operations and precision approach operations including Category I.

Compliance not&.1 In order to provide function e), SBAS needs to broadcast an L1 signal that
meets the requirements for ionospheffeee ranging using L1 and L5 pseudage
measurements.

Compliance notd.t The ionospheric corrections are only broadcast on L1.-De@liency users
will use an ionospherfree pseuderange measurement and not require ionospheric corrections.
lonospherefree pseuderange combination for DFMC SBAS is further defined in AfipdB),
3.5.15.1.

171.051.3.7.3.4.2.1 RangingWhen SBAS is providing a ranging service, the following Standards
must apply
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171.0513.7.3.4.3.1 Excluding atmospheric effects, the range error for the ranging signal from SBAS satellites
mustnot exceed®5 m (82 ft) (95 per cent).

171.051.3.7.3.43.2 The probability that theSBAS Liange error exceeds 150 m (490 ft) in any howstnot
exceedl0®.

171.051.3.7.3.43.3 The probability of unscheduled outages of the ranging function from an SBAS satellite in
any hourmustnot exceedL0%,

171.051.3.7.3.43.4 The range rate erramustnot exceed2 m (6.6 ft) per second.
171.051.3.7.3.43.5 The range acceleration erranustnot exceed).019 m (0.06 ft) per secorghjuared.
171.0513.7.3.44 Service areaAn SBAS service area for any approved type of operatist bea declared

area within the SBAS coverage area where SBAS meets the corresponding requirements of
171.051.3.7.2.4.

Compliance notd.1 An SBAS system can have different service areas corresponding to different
types of operation (e.g. AHYCategory |, etc.).

Compliance not@.t The coverage area is that area within which the SBAS broadcast can be
received (i.e. thaunion of SBASatellite footprints).

Compliance not8.1 SBAS coverage and service areas are discussed in Attachment D, 6.2.

171.051.3.7.3.4.4 RF characteristictor the SBAS L1 signal

Compliance note Detailed RF characteristics are specified in Appendix B ,f@3.2

171.0513.7.3.45.1 L1Carrier frequencyThe carrier frequenaynust bel 575.42 MHz.

171.051.3.7.3.45.2 L1Signal spectrumAt least 95 per cent of tHelbroadcast powemust becontained within
a +12 MHz band centred on the L1 frequency. The bandwidth of lsggnal transmitted by an
SBAS satellitmust beat least 2.2 MHz.

Compliance note The SBAS L1 RF link needs to provide a higher transmission bandwidth to support the SBAS
ranging accuracy figure in Appendix B, 3.5.15.4.1, for DFMC SBAS ranging service. A higher
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transmission bandwidth will improve the performance of the L1 SBAS ranging service. See
Attachment D, 6.4.6.

171.051.3.7.3.45.3 L1SBAS satellite signal power level

171.051.3.7.3.45.3.1 Each SBAS satellite placed in orbit before 1 Januaryr2Q4#broadcashavigation signals
on L1with 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 antéanéthin the range o161 dBW to
¢153 dBW for all antenna orientations orthogonal to the direction of propagation.

171.051.3.7.3.45.3.2 Each SBAS satellliteoadcasting an SBAS L1 sigiated in orbit after 31 December
2013must complywith the following requirements:

a) The satellitemust broadcasnavigation signalen L1with sufficient power such that, at all
unobstructed locations near the ground from which the satellite is observed at or above the
minimum elevation angle for which a trackalgleostationery orbi{GEQ satellitesignal needs
to be provided, the level of the received RF signal at the antenna port of the antenna specified
in Appendix B, Table-®8BA, is at least164.0 dBW.

b) The minimum elevation angle used to determine GEO covemagt not beless than 5 degrees
for a user near the ground.

c) The level of a received SBAS RF sigmallat the antenna port of a 0 dBic antenna located
near the groundnustnot exceed;152.5 dBW.

d) The ellipticity of the broadcadtl signalmust beno worse than 2 dB for the angular range of
+9.1° from boresight.

171.051.3.7.3.45.4 Polarization The broadcast signah L1must beright-hand circularly polarized.

171.0513.7.3.45.5 Modulation. The transmitted sequencen L1must bethe Modulo2 addition of the
navigation message at a rate of 500 symbols per second and the 1 023 bit ps@&adon noise
code. Itmust thenbe BPSknodulated onto the carrier at a rate of 1.023 megachips per second.

171.05.13.7.3.4.6 RF characteristics for the SBAS L5 signal
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Compliance notg Detailed RF characteristics are specified in Appendix B, 3.5.9 for L5.
171.05.13.7.3.4.6.1 L5 carrier frequency. The L5 carrier frequemest bel 176.45 MHz.

171.05.13.7.3.4.6.2 L5 signal spectrum. At least 95 per cent of the L5 broadcast pasebecontained within
a bandwidth centred on the L5 frequency and between 20 MHz and 24 MHz.

171.05.13.7.3.4.6.3 L5 signal power level. Each SBAS satellite broadcasting an SBASnugssigoiaplywith
the following additional requirements:

a) The satellitenust broadcashavigation signals on L5 with sufficient power such that, at all
unobstructed locations near the ground from which the satellite is observed at or above the
minimum elevation angle for which a trackable signal needs to be provided, the level of the
received RF signal at the output of a 3 dBi linearly polarized antemurst beat least¢158 dBW
for all antenna orientations orthogonal to the direction of propagation.

b) The minimum elevation angle used to determine SBAS satellite covarejenot beless than 5
degrees for a user near the ground.

c) The level of a received SBAS RF signal on L5 at the output of a 0 diBiemibtircularly polarized
antenna located near the groundustnot exceed;150.5 dBW.

d) The ellipticity of the broadcast L5 sigmalst beno worse than 2 dB for the angular range of £9.1°
from boresight.

Compliance nota The received signal levels, from a) and c), are measured within a 10 MHz frequency band
centred on the L5 frequency.

171.05.13.7.3.4.6.4 Polarization. The broadcast signal omu&t beright-hand circularly polarized.

171.05.13.7.3.4.6.5 Modulation. The transmitted sequence on Lphasemust bethe result of the 25€bits of
the navigation message with forward error correction (FEC) applied for 500 symbols per second
that is then bibinary encoded and finally combined with the 10 230 bit psetad@wlom noise
code using Modul€ addition. The restihg sequencenust thenbe BPSinodulated onto the
carrier at a rate of 10.23 megachips per second.
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Compliance notg Detailed L5 modulation characteristics for L5 are specified in Appendix B, 3.5.9. 125

175.05.13.7.3.4.7 Timing

171.051.3.7.37.1 SBAS network time (SN®) L1 SBAS he difference between SNTthe SBAS corrections
on L1land GPS timeustnot exceedb0 nanoseconds.

171.05.1.3.7.3.4.7.2 SBAS network time (SNT) for DFMC SBAS. The difference between SNT of the SBAS
corrections broadcast on L5 and the reference time of the core constellation designated as
reference constellation (see the time reference identifier paraenet Appendix B, 3.5.11.4
broadcast by DFMC SBAS)stnot exceedl microsecond.

171.051.3.7.3.48 L1 SBASlavigation informationThe navigation data transmitted layy SBASatelliteson L1
must includethe necessary informatioto support L1 SBAS servidesietermine:

a) SBAS satellite 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 UTQoptional} and

h) service level status.

Compliance note Structure and contents of data are specified in Appendix B, 3.5.3 and 3.5.4,
respectively.
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171.05.1.3.7.3.4.9 DFMC SBAS navigation information. The navigation data transmitted by an SBAS satellite on L5
must includethe necessary information to support DFMC SBAS services to determine:

a) SBAS satellite time of transmission;

b) SBAS satellite position;

c) corrected satellite time for all monitored satellites;

d) corrected satellite position for all monitored satellites; e) user position integrity; and f) time transfer to UTC
(optional).

Compliance nota Structure and contents of data are specified in Appendix B, 3.5.10 and 3.5.11, respectively.

171.0513.7.3.5 Groundbased augmentation system (GBAS) and grehaskbd regional augmentation system
(GRAS)

Compliance note Except where specifically annotated, GBAS Standards and Recommended
Practices apply to GBAS and GRAS.

171.051.3.7.3.5.1 Performance GBAS combined with one or more of the other GNSS elements and-&dault
GNSS receivanust meetthe requirements for system accuracy, continuity, availability and
integrity for the intended operation as stated 1v¥1.051.3.7.2.4 within the service 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, guidegffake
departure and surface operations and may supporraute and terminal operations. GRAS is
intended to support emoute, terminal, nomrecision approach, departure, and appcbawith
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 GBASnust performthe 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

140



TECHNICAL STANDARDS

W Namibia Civil Aviation Authority (NAMCATYS)
K Safety Division
NCA

A Part 171: ATENOolume 1

NAMIBLA CIVIL AVIATION AUTHORITY

e) provide integrity monitoring for GNSS ranging sources.

171.051.3.7.3.5.3 Service volume

171.051.3.7.3.5.3.1 General requirement for approach servicése minimum GBAS approach service volume
must beas 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 out £35 degrees either side of the final approach path
to 28 km (15 NM) and +£10 degrees either side of the final approatthtpeB7 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 thresfidiiT) 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

Compliance noté.t LTP/FTP and GPIP are defined in Appendix B, 3.6.4.5.1.

Compliance not@ 1 Guidance material concerning the approach service volume is provided in
Attachment D, 7.3.

171.051.3.7.3.5.3.2 Approach services supporting autoland and guided-tkeThe minimum additional GBAS
service volume to support approach operations that include automatic landing andutoll
including during guided takeff, must beas 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 describedlinl.051.3.7.3.5.3.1.
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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
171.051.3.7.3.5.3.1.

Compliance note Guidance material concerning the approach service volume is provided in
Attachment D, 7.3.

171.051.3.7.3.5.3.3 GBAS positioning servicBhe service volume for the GBAS positioning senviast be
where the data broadcast can be received and the positioning service meets the requirements of
3.7.2.4 and supports the corresponding approved operations.

Compliance note Guidance material concerning the positioning service volume is provided in
Attachment D, 7.3.

171.051.3.7.3.5.4 Data broadcast characteristics

Compliance note RF characteristics are specified in Appendix B, 3.6.2.

171.0513.7.3.5.4.1 Carrier frequencyThe data broadcast radio frequencies usedst beselected from the
radio frequencies in the band 108 to 117.975 MHz. The lowest assignable frequestye
108.025 MHz and the highest assignable frequemayst be 117.950 MHz. The separation
between assignable frequencies (channel spaaimggt be25 kHz.

Compliance noté.t Guidance material on VOR/GBAS frequency assignments and geographical
separation criteria is given in Attachment D, 7.2.1.

Compliance not@.1 ILS/GBAS geographical separation criteria and geographical separation
criteria for GBAS and VHF communication services operating in tlgel3¥8VIHz band are under
development. Until these criteria are defined and included in SARPSs, it is intesifeelghencies

in the band 112.05Q 117.900 MHz will be used.

171.051.3.7.3.5.4.2 Access techniqueA time division multiple access (TDMA) techniquest beused with a
fixed frame structure. The data broadcasust beassigned one to eight slots.

Compliance note Two slots is the nominal 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 ihrAd¢aicD,

7.12.4; some GBAS broadcast stations in a GRAS may use one time slot.
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171.0513.7.3.5.4.3 Modulation GBAS datanust be transmitted as 2bit 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

Compliance notd.t GBAS can provide a VHF data broadcast with 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 abteltct

operations with GBAS/H equipment. Relevant guidance material is provided in Attachment D, 7.1.

Compliance not@1 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).

Compliance note81 When supporting approach services at airports with challenging VDB
transmitter siting constraints, it is acceptable to adjust the service volume when operational
requirements permit (as stated in the service volume definition sectith951.3.7.3.5.3.1 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 radiated power of 47dBaciient 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 signakt bebroadcast.

171.0513.7.3.5.44.1.2 The effective isotropically radiated power (EWRRB} providefor a horizontally
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 metie2{ dBW/n¥) within the GBAS service volume
as specified i171.051.3.7.3.5.3.1. The field strengthust bemeasured as an average over the
period of the synchronization and ambiguity resolution field of the burst. Within the additional
GBAS service volumes apecified inl71.051.3.7.3.5.3.2, the effective isotropically radiated
power (EIRPhust providefor a horizontally polarized signal with a minimum field strength of 215
microvolts per metre{99 dBW/n¥) below 36 ft and down to 12 ft above the runway surface and
650 microvolts per metreg89.5 dBW/nd) at 36 ft or more above the runway surface.
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Compliance note Guidance 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 Recommendatiort An elliptically polarized signal should be broadcast whenever
practical

171.051.3.7.3.5.4.4.2.2 When an elliptically polarized signal is broadcast, the horizontally polarized component
must meet the requirements ir171.051.3.7.3.5.4.4.1.2, and the effective isotropically radiated
power (EIRPNust providefor a vertically polarized signal with a minimum field strength of 136
microvolts per metreq103 dBW/n3) and a maximum field strength of 0.555 volts per met&i(
dBW/n?) within the GBAS service volume. The field stremgtist bemeasured as an average
over the period éthe synchronization and ambiguity resolution field of the burst.
171.051.3.7.3.5.4.5 Power transmitted in adjacent chanselThe amount of power during transmission under
all operating conditions when measured over a 25 kimdwidth centred on the'iadjacent
channelmustnot exceedhe values shown in Table 3.7.3llocated at the end of section 3.7).
171.051.3.7.3.5.4.6 Unwanted emissiondJnwanted emissions, including spurious and-ofiband emissions,

must becompliant with the levels shown in Table 3.7-2.f8ocated at the end of section 3.7). The
total power in any VDB harmonic or discrete signabkt not begreater than¢53 dBm.

171.051.3.7.3.5.5 Navigation informationThe navigation data transmitted by GBAGst includethe following
information:
a) pseuderange corrections, reference time and integrity data;
b) GBASelated data;
c¢) final approach segment data when supporting precision approach; and
d) predicted ranging source availability data.

Compliance note Structure and contents of data are specified in Appendix B, 3.6.3.
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171.051.3.7.3.6 Aircraft GNSS receiver

171.05.1.3.7.3.6.1 The aircraft GNSS receiver must procesigtids of those GNSS elements that it intends to
use as specified in Appendix B, 3.1.1 (for GPS), Appendix B, 3.1.2 (for GLONASS),

Appendix B 3.3 (for combined GPS and GLONASS core satellite constellations), Appendix B, 3.4 (for ABAS)
Appendix B, 3.5 (for SBAS) and Appendix B, 3.6 (for GBAS and GRAS).

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 note GNS®lementsoperatingwithin the frequency bargl11641215 MHz andl

559¢ 1 610 MHz are classified by the ITUogsrating in the radio navigation satellite service
(RNSS)Those frequency bands also include global allocations tag¢henautical radio navigation
service(ARN®) . 2 0K | SNRyY I dziAOlIf dzaSR 27F (Kanmébre a SND.
afforded special spectrum protection statasthe ITU radio regulationsgn 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 allocatioa 1164215 MHz

and 1 559¢ 1 610 MHz band and emissions from systems in this and adjacent frequency bands
are intended to be tightly controlled by national and/or international regulation.

171.051.3.7.5 Database

Compliance note SARPs applicable to aeronautical data are provid®AIMCATS Part 175
NAMCATS Part 172ndNAMCATS Part 139

171.051.3.7.5.1 Aircraft GNSS equipment that uses a dataiase providea means to:
a) update the electronic navigation database; and
b) determine the Aeronautical Information Regulation and Control (AIRAC) effective dates of the

aeronautical database.
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Compliance note Guidance 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

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 1-1x10"/ 5 min 1-1x107h 0.99 to

(2.0 NM) tol-1x10%h  0.99999
En-route. 0.74 km N/A 1-1x107/h 15s 1-1x107"h 0.99 to
Terminal (0.4 NM) tol-1x10"%h 0.99999
Initial approach. 220m N/A 1-1x%107/h 10s 1-1x107"h 0.99 to
Intermediate approach, (720 ft) tol—1x10% 0.99999
Non-precision approach (NPA).
Departure
Approach operations with 16.0 m 20m 1-2 =107 10s 1-8x10° 0.99 to
vertical guidance (APV-I) (52 fi) (66 ft) in any perlss 0.99999
(Note 8) approach
Approach operations with 16.0 m 8.0 m 1-2x107 6s 1-8x107° 0.99 to
vertical guidance (APV-IT) (52 ft) (26 ft) in any perl5s 0.99999
(Note 8) approach
Category I precision approach 16.0 m 60mtod0m 1-2x107 6s 1-8x107 0.99 to
(Note 7) (52 ) (20 ftto 13 1) 1 any perlss 0.99999

(Note 6) approach
NOTES.

1. The 95th percentile values for GNSS position errors are those 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 2, 3

2. The definition of the integrity requirement includes 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 systecific safety analysis has been completed. Further
guidance on the alert limits is provided in Attachment D, 3.3.6 to 3.3 i€se 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 556m N/A
(0.3 NM)
APV-I 40 m 50m
(130 ft) (164 ft)
APV-1I 40 m 200m
(130 fr) (66 f)
Category I precision approach 40 m 35.0mto 10.0 m
(130 ft) (115 ft to 33 fi)

3. The accuracy and tir®-alert requirements include the nominal performance of a fdtde receiver.

4. Ranges of values are given for the continuity requirement feroertie, terminal, initial approach, NPA
and departure operations, as this requirementieendent upon several factors including the intended
operation, traffic density, complexity of airspace and availability of alternative navigation aids. The
lower value given is the minimum requirement for areas with low traffic density and airspace
compkxity. The higher value given is appropriate for areas with high traffic density and airspace
complexiy (see Attachment D, 3.4.2). Continuity requirements for APV and Category | operations apply
to the average risk (over time) of loss of service, normalized to-ae&énd exposure time (see
Attachment D, 3.4.3).

5. A range of values is given for the availability requirements as these requirements are dependent upon
the operational need which is based upon sevé&aetors including the frequency of operations, weather
environments, the size and duration of the outages, availability of alternate navigation aids, radar
coverage, traffic density and reversionary operational 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 GNSS to be
the only navigation aid provided in an area. For approach and departure, the higher values given are
based upon the availability requirements at airportshwa large amount of traffic assuming that
operations to or from multiple runways are affected 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 conservative 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 thechnical appendix (Appendix B, section 3.6) to be applied
in addition to these signdh-space requirements (see Attachment D, 7.5.1).

8. The terms AP¥ and APVMI refer to two levels of GNSS approach and landing operations with vertical
guidance (APV) and these terms are not necessarily intended to be used operationally.

Table 3.7.3.5l. GBAS broadcast power transmitted in adjacent channels

Channel Relative power Maximum power
Ist 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 —101.5 dBc —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

emussion level emuission 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 dBc —55 dBm/10 kHz
(Note 3) (Note 3)

30 MHz to 106.125 MHz —-115 dBe¢ —57 dBm/100 kHz
106.425 MHz —-113 dBc —55 dBm/100 kHz
107.225 MHz —105 dBe —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 dBe -36 dBm/1 kHz
107.9625 MHz -71 dBe¢ —33 dBm/1 kHz
107.975 MHz —65 dBce —27 dBmv/1 kHz
118.000 MHz —65 dBce —27 dBmv/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 dBm/10 kHz
118.750 MHz -105 dBe¢ —47 dBm/100 kHz
119.550 MHz —-113 dBe¢ —55 dBm/100 kHz

119.850 MHz to 1 GHz —115 dBc —57 dBm/100 kHz
1 GHzto 1.7 GHz —115 dBc —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

indicated in the maximum unwanted emission level column of this table.

This value 1s driven by measurement lunitations. Actual performance 1s expected to be better.

4. The relationship 1s linear between single adjacent points designated by the adjacent channels identified above.

e
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171.051.3.8 (Reserved)

171.051.3.9 System characteristics of airborne ADF receiving systems

171.051.3.9.1 Accuracy of bearing indication

171.0513.9.1.1 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 by this
NAMCATSand 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

1. Definitions

2. General

3,3.7.

(GNSS)

GBAS/EA groundbased augmentation system transmitting an ellipticglolarized VHF data
broadcast.

GBAS/HA groundbased augmentation system transmitting a horizontgibjarized 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 signal power at the VHF data broadcast receiver input.
This power at the receiver input is computed from the maximum RF field strength defined in
Chapter 3171.051.3.7.3.5.4.4 for the desired VHF data broadcast signal as received by an ideal
isotropic antenna minus 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 th68.000¢ 117.975 MHz bandlf1.051.3.6.8.2.2.8).

Spare(bits/words/fields). Bits/words/fields that are not allocated or reserved, and which are
available for future allocation.

Compliance note All spare bits are set to zero.

Compliance note The following technical specifications supplement the provisions of Chapter
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3. GNSS Elements

3.1 Core constellations

3.11 Global Positioning System (GPS) Standard Positioning Service (SR8 (L3

3.1.11 Non-Aircraft Elements

3.1.1.11 L1 Coarse Acquisition (C/A) Sigiddio Frequency (RF) Characteristics

3.1.1.1.11 Carrier phase nois@ he carrier phase noise spectral density of the unmodulbfiezhrriermust be
such that a phase locked loop of 10 Hz -eiged noise bandwidth is able to track the carrier to
an accuracy of 0.1 radian (1 sigma).

3.1.1.1.1.2 Spurious emissionBrband spurious emissiomaust beat least 40 dB below the unmodulated L1
carrier over the allocated channel bandwidth.

3.1.1.1.1.3 Correlation lossThe loss in the recovered signal power due to imperfections irLth€/Asignal
modulation and waveform distortiomust not exceed+0.6dBfor all GP3I satellite generations
and 0.3 dB for all GR8 satellite generations

Compliance note The loss in signal power is the difference between the broadcast power in
allocatedbandwidth and the signal power recovered by a ndise, lossfree receiver with Lhip
correlator spacing andhe samebandwidth.

3.1.1.1.1.4 L1(C/A) code generation and timingach C/A code pattern(@ must beformed by the Module2
sum of two 1 023vit linear patterns, G1 and Gd'he Gsequencenust beformed by effectively
delaying the G2 sequence by an integer number of chips The G1 and G2 sequestdse
generated by 1&tage shift registers having the following polynomials as referred to in the shift
register input:

a) G1: X+ X+ 1; and

b) G2: X0+ X+ %+ X+ X+ X+1.
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The initialization vector for the G1 and G2 sequentest bed MMMMMMMMMME @ ¢ KS
registersmust beclocked at a 1.023 MHz rate. Timing relationships related to the C/Aroode
be as shown in Figure-B’

Compliance notet Additional information on code phase assignments is givenrGPS00K

3.1.1.1.2 Lldata structure.Thelegacynavigation(LNAVMessagamust beformatted as shown in Figure-B
Each page, as shown in Figur8,Bhustutilize a basic format of a 1 5ait-long frame with up to
5 subframes, each of 300 bits in length. All wardsst betransmitted most significant bit (MSB)
first.

Compliance notea The bit allocations depicted for subframes 4 and 5 in FiguéeaPply only to satellites
broadcasting PRN codes; B2. See &P S00K for the bit allocations of subframes 4 and 5 for
satellites broadcasting PRN codescEs.

3.1.1.1.2.1 Subframe structureEach subframe and/or page of a subframast startwith a telemetry (TLM)
word followed by a handover word (HOW). The H@Wkst befollowed by 8 data words. Each
word in each framenust containé parity bits. The TLM word and HOW formaitsst beas shown
in Figures BB and B4, respectively.

3.1.1.1.2.2 End/start of weekAt the end/start of week:

a) the cyclic paging of subframes 1 througm&ist restartwith subframe 1 regardless of which
subframe was last transmitted prior to the end/start of week; and

b) the cycling of 25 pages of subframes 4 amdust restartwith page 1 of each of the subframes,
regardless of which page was transmitted prior to the end/start of week. All upload and page
cutoversmust occuron frame 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.
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3.1.1.1.2.3 Data parity.Words 1 through 10 of subframes 1 througmbist eachcontain 6 parity bits as their

least significant bits (LSBs). In addition, two4mformation bearing bitsnust beprovided as bits

23 and 24 of words 2 and 10 for parity computation purposes.

3.1.1.1.2.4 Telemetry (TLM) wordeach TLM womhust be30 bits long, occur every 6 seconds in the data frame

and be the first word in each subframe. The TLM formast beas shown in Figure-8. Each

TLM wordmust begin with a preamble, followed by 16 reserved bits and 6 parity bits.

31.1.1.25 Handover word (HOW)'he HOWmust be 30 bits long andnust bethe second word in each
subframe/page, immediately following the TLM word. A H@®Wét occurevery 6 seconds in the

data frame. The HOW format and contenust beas shown in Figure-8. The full timeof-week
(TOW) countnust consisof the 19 LSBs of the A8t Zcount (3.1.1.2.6). The HOWust begin
with the 17 MSBs of the TOW count. These 17rhitst correspondo the TOW count at the 1-5

second epoch that occurs at the stagdtling edge) of the next following subframe.

3.1.1.1.2.5.1 Bit 18 On satellites designed by configuration code 001, binii8t bel y & I £ S NI €
FEF3 Aa NI AaS Rusoiritaieto he usek that the sétedliée wser rdnge accuracy
GKIY AYRAOFGSR Ay &dzoF NI} YE

6!w! o0 Y& 06S $2NAS

3.1.1.1.2.5.2 Bit 19.Bit 19must bereserved.

R =

3.1.1.1.2.5.3 Bits 20, 21 and 23its 20, 21 and 22 of the HOWst providehe identification (ID) of the subframe
in which that particular HOW is the second word. The ID codst beas defined below:

ID Code
1 001
2 010
3 011
4 100
5 101

3.1.1.1.2.6 Satellite Zcount. Each satellitemust internallyderive a 1.5second epoch thatnust containa
convenient unit for precisely counting and communicating time. Time stated in this mamstr
be referred to as a £ount. The Zountmust beprovided to the user as a 28t binary number

consisting of two parts as follows.
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3.1.1.1.2.6.1 Timeof-week (TOW) countThe binary number represented by the 19 LSBs of tbeuit must be
referred to as the TOW count and is defined as being equal to the number-sédohd epochs
that have occurred since the transition from the previous week. The cmwust beshortcycled
such that the range of the TOW count is from 0 to 403 199sédend epochs (equalling one
week) andmustbeNB &aSiG G2 T SNRB G GKS SyR 27F nfistli@ek 6 S &
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 MSBsst becontained in the HOW of the L1 downlink data
stream. The relationship between the actual TOW count and its truncated HOW varssirbe
as indicated in Figure-B

Compliance note The abovenentioned 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.

3.1.1.1.2.6.2 Week countThe 10 MSBs of thecountmust bea binary representation of the sequential number
assigned to the present GPS week (Modulo 1024). The range of thismashbefrom 0 to 1
023. Its zero statanust bethat week which starts with the 1:8econd epoch occurring at
(approximately) the UTC zero time point (3.1.4). At the expiration of GPS week number 1 023, the
GPS week numbenust rollover to zero. The previous 1 024 weeks in conversions from GPS time
to a calendar datenust beaccounted for by the user.

3.1.1.1.3 Lldata Content

3.1.1.1.3.1 Subframe I satellite clock and health datd he content of words 3 through 10 of subframmndst
containthe clock parameters and other data as indicated in Takle Bhe parameters in a data
setmust bevalid during the interval of time in which they are transmitted andst remairnvalid
for an additional period of time after transmission of the next data set has started.

3.1.1.1.3.1.1 Week numberThe 10 MSBs of wordrBust containthe 10 MSBs of the 2Bit Zcount andmust
represent the number of the current GPS week at the start of the data set transmission interval
GAGK £t TSNRBA AYRAOI GAY Imust BSemenatie&Nahdistart 6fKS D
week epoch.

3.1.1.1.3.1.2 User range accuracy (URBits 13 through 16 of wordrdust providea URA index, which prescribes
the predicted satellite URA as shown in Tab Bhe integrity assured URA (IAURAJst bethe
upper bound URA value corresponding to the URA index, as shown in the last column of Table B
3.
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Compliance noté.t The URA does not include error estimates due to inaccuracies of the single
frequency ionospheric delay model.

Compliance not2.1 The URA is a statistical indicator of the contribution of the apparent clock
and ephemeris prediction accuracies to the ranging accuracies obtainable with a specific satellite
based on historical data.

Compliance not8.1 The nominal URA value for each URA index is also shown in Tablaé&

nominal URA is suitable for use as a prediction of the RMS-siggpzdce pseudoange errors for
accuracyrelated purposes.

Table B-2. Subframe 1 parameters

Number Scale factor Effective

Parameter of bits™ (LSB) range“t Units
Week number 10 1 weeks
Satellite accuracy 4
Satellite health 6 1 discretes
Tep g 23! seconds
10DC 10
toc 16 24 604 784 seconds
ap 8 273 seconds/second®
ag 16" 2 seconds/second
ag 22° 23t seconds

¥ Parameters so indicated are two’s complement. with the sign bit (+ or —) occupying the MSB.
¥#  See Figure B-6 for complete bit allocation.
##% TUnless otherwise indicated in this colummn. effective range is the maximum range.

Table B3 User range accuracy

iLrJEeAx URA (meters) NominalURA Cor:isupszdmg
0 noenn £ w!lo XK 2m 240 m
1 Hdnn f | w! DK 28m 3.40m
2 3404 w! XX noyp 4m 4.85m
3 ndyp f | w! XK 57m 6.85m
4 cohyp f | w! Ko 8m 9.65m
5 hbdPcp ¥ w! K W™ 11.3m 13.65m
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6 Mo®dcp F | w! XK 16 m 24.00 m
7 Hndnn £ | w! X 32m 48.00 m
8 nyodnn f | w! X 64 m 96.00 m
9 pcdnn £ | wl X 128 m 192.00 m
10 MpHDPAN § | w! K 256 m 384.00 m
11 oyndnn £ | w! XK 512 m 768.00 m
12 Tcyodnn £ | w! X 1024 m 1536.00 m
13 lpocodnn + | w! X 2048 m 3072.00 m
14 O NnTH®AN £ | w! 4096 m 6 144.00 m
15 6 144.00 < URfor no accuracy prediction i No accuracy prediction is N/A

available- SPS users are advised to use tf available-SPS users are advise

SV at their own risk) to use the SV at their own risk

3.1.1.1.3.1.3 Health.The transmitting satellite ®it health indicatiormust beprovided by bits 17 through 22 of
word 3. The MSBiust indicatea summary of the health of the navigation data, where:

a)

b)

0 = all navigation data are valid; and

1 = some of the navigation data are not valid.

The 5 LSBwsust indicatethe health of the signal components in accordance Widtble BX The

health indicationmust beprovided relative to the capabilities of each satellite as designated by
the configuration coderovided in page 25 of subframeid. Any satellite that does not have a
certain capabilitymust beA Y RA Ol (G SR

la aKSFHfOGKe¢

AT GKS

fFC

design or it has been configured into a mode which is normal from a receiver standpoint and does
not require that capability. Additional health datust begiven 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.
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Table BX. Codes for health ¢fatellite signal components

MSB LSB Indication
0 0 0 0 0 ALL SIGNALS OK
1 1 1 0 0 SATELLITE IS TEMPORARILY®WAt use this satellite

during current pass
1 1 1 0 1  SATELLITE WILL BE TEMPORARIKXI§2Ufith caution

1 1 1 1 0 ONE ORMORE SIGNALS ARE DEFORMED*, HOWEVER ~
RELEVANT URA PARAMETERS ARE VALID

1 1 1 1 1 MULTIPLE ANOMALIES PRESENT (other than those anor
or conditions that would result in either of the two satellite
temporary outages as codified above.)

All other combinations SATELLITE EXPERIENCING CODE MODULATION AND/f
SIGNAL POWER LEVEL TRANSMISSION PROBLEMS. T
may not be able to acquire the satellite or may experience
intermittent tracking problems if satellite is acquired.

*Deformed mean®one or more signals do not meet the requirements HGIBS200K, Section 3.

3.1.1.1.3.1.4 Issue of data, clock (IOD@8)ts 23 and 24 of word 3 in subframeriust bethe 2 MSBs of the 10
bit IODC term. Bits 1 through 8 of word 8 in subframmaukt containthe 8 LSBs of the IODC. The
IODQmust indicatethe issue number of data set. The transmitted 1QDB@t bedifferent from
any value transmitted by the satellite during the preceding 7 days.

Compliance note The relationship between the I0DC and the Issue of Data, Ephemeris (IODE)
terms is defined in 3.1.1.3.2.2.

3.1.1.1.3.1.5 Estimated group delay differentidits 17 through 24 of word must containthe correction term,
Tep 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.
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3.1.1.1.3.1.6 Satellite clock correction parameteBits 9 through 24 of word 8, bits 1 through 24 of word 9, and
bits 1 through 22 of word 1@nhust containthe parameters needed by the users for apparent
satellite clock correction 4, a», an anday).

3.1.1.1.3.1.7 Reserved data fieldReserved data fieldaust beas indicated in Table-8 All reserved data fields
must supportvalid parity within their respective words.

3.1.1.1.3.2 Subframes 2 and 8 satellite ephemeris dataSubframes 2 and Bust containthe ephemeris
representation of the transmitting satellite.

3.1.1.1.3.2.1 Ephemeris parameterd.he ephemeris parametersust beas indicated in Table-B For each
parameter in subframe 2 and 3, the number of bits, the scale factor of the LSB, the range, and the
units must beas specified in Table®

3.1.1.1.3.2.2 Issue of data, ephemeris (IODB)e IODEnust bean 8bit number equal to the 8 LSBs of the-10
bit IODC of the same data set. The |IQDSt beprovided in both subframes 2 and 3 for the
purpose of comparison 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 gatst becollected. The transmitted
IODEmMust bedifferent from any value transmitted by the satellite during the preceding six hours
(Compliance not&). Any change in the subframe 2 and 3 damast beaccomplished inancert
with a change in both IODE words. Change to new datensa$s occuronly on hour boundaries
except for the first data set of a new upload. Additionally, thevalue, for at least the first data
set transmitted by a satellite after an uploadust bedifferent from that transmitted prior to the
change Compliance not@).

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
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Parameter

IODE
Gs
ny
Mo
Cic

e
Gis

Mo
tOe
Ce

OMEGA
Gs
lo
Ce
OMEGADO"
iDOT

Table B-5. Ephemeris data

M, Mean anomaly at reference time

An  Mean motion difference from computed value

e Eccentricity
JA  Square root of the semi-major axis

OMEGA, Longitude of ascending node of orbit plane at weekly epoch

ip Inclination angle at reference time
o Argument of perigee
OMEGADOT Rate of right ascension
iDOT Rate of inclination angle

Cy. Amplitude of the cosine harmonic correction term to the argument of latitude
"ws  Amplitude of the sine harmonic correction term to the argument of latitude

« Amplitude of the cosine harmonic correction term to the orbit radius

= Ampliftude of the sine harmonic correction term to the orbit radius

« Amplitude of the cosine harmonic correction term to the angle of inclination
i« Amplitude of the sine harmonic correction teri to the angle of inclination

—

anNnnn

t.e Reference time, ephemeris
IODE Issue of data, ephemeris

Table B6 Empheris parameters

Number Scale factor
of bits** (LSB)
8
16* 26°
16* 26 43
32* 263t
16/* 26 29
32 26383
16/* 26 29
32 2619
16 24
16* 2629
32* 263t
16* 2629
32* 263t
16* 2%
32* 2631
24* 2643
14* 2643
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2530to0 8192
604 784

-6.33x 10t0 0

Effective Units
range***

metres
semicircles/second
semicircles
radians
0.03 dimensionless
radians
metres™{1/2}
seconds
radians
semicircles
radians
semicircles
metres
semicircles
semitcircles/second
semicircles/second
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**  See FigureB for complete bit allocation in subframe.
*** Unless otherwise indicated in this column, effective range is the maximum ratigmable with
the indicated bit allocation and scale factor.

Compliance noté.1 The IODE/IODC terms provide the receiver with a means for detecting any
changes in the ephemeris/clock representation parameters.

Compliance not@.1 The first data set may change 13..1.2.2) at any time during the hour and
therefore may be transmitted by the satellite for less than 1 hour.

3.1.1.1.3.2.3 Curve fit intervals. Bit 17 in word 10 of subframmugtbel &« FA G Ay G SNBI f ¢ Ff | =
curvefit interval used in determining the ephemeris parameters, as follows:

0 = 4 hours,
1 = greater than 4 hours.

A fit interval flag of zero (Ohust indicatethe satellite is undergoing normal operations. A fit interval flag of one

(1) must indicatethe satellite is undergoing shoerr longterm extended operations

3.1.1.1.3.3 Subframes 4 and® support dataBoth subframes 4 andrust besubcommutated 25 times each.
2 0K GKS Ll2aarotsS SEOSLIA2Yy 2F & N#ustCoNdS RE LI
different data in words 3 through 10Subframes 4 and fiust containthe data listed in Table-B
Y.

Compliance notg Subframes 4 and 5 from satellites broadcasting PRN cod&2 tontain almanac and
health data for 32 satellites. Subframes 4 and 5 from satellites broadcasting PRN caqdi& &shtain almanac
and health data for only 31 satellites. Se€3BS200K or full details on the content and bit allocations of the
data in subframes 4 and 5
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Table BY Subframes 4 and 5 data
Subframe| Page(s) Data
4 1,6,11, 16 and 21 Reserved
2,3,4,5,7,8,9 and 1J Almanac data
12, 19, 20, 22, 28nd 24| Reserved

13 NMCT**

14 and 15 Reserved for system use

17 Special messages**

18 lonospheric and UTC data

25 A-S flags/SV configurations and SV he:
5 1 through 24 Almanac data

25 SV health

* Page 10 of subframe 4 is only sent from satellites broadcasting PRN op@2gdnd will contain almanac
data for PRN 32); it is not used by satellites broadcasting PRN codé&333
*Page not intended for aviation use.

3.1.1.1.4 L5 SIGNRADIO FREQUENCY (RF) CHARACTERISTICS
3.1.1.1.4.1 Carrier phase noise. The carrier phase noise spectral density of the unmodulated LEoatrier
such that a phase locked loop of 10 Hz wiged noise bandwidth can track the carrier to an

accuracy of 0.1 radians RMS

3.1.1.1.4.2 Spurious emissions:band spurious emissionaust beat least 40 dB below the unmodulated L5
carrier over the allocated channel bandwidth.

3.1.1.1.4.3 Correlation loss. The loss in the recovered signal power due to imperfections in the L5 signal
modulation and waveform distortiomustnot exceed).6 dB

Compliance notea The loss in signal power is the difference between the broadcast power in an allocated
bandwidth and the signal power recovered by a ndiee, lossfree receiver with ichip

correlator spacing and the same bandwidth.

3.1.1.1.4.4 L5 carrier components.bBst havewo carrier components modulated by separate bit trains: the 15
code and the Q®ode (see Table-B51)
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3.1.1.1.4.4.1 The I5 and Q5 carriensist bein phase quadrature (within £100 milliradians) and the Q5 carrier
must belagging the 15 carrier by 90 degrees.

Table BL51. Composite L5 transmitted signal phase **

. . . Code state
Nominal Composite L5 signal phase *
15 Q5
0° 0 0
-90 1 0
+90° 0 1
180° 1 1
* Relative to 0, O code state with positive angles leading and negative angles la
** Based on the composite of two L5 carrier components at the same power.

3.1.1.1.4.5 Code generation. The I5 and Q5 code patterns 15i(t) and i@&stteachbe formed by the Module2
sum of two extended bit patterns clocked at a 10.23 MHz rate, XA(t) and XBli(nli, t) or XA(t) and
XBQIi(nQi, t), where nli and nQi are the initial states of XBli and XBQi for satellite i.

3.1.1.1.451The XAcodmstbel O2RS 2F fSy3GK y mdn 6A0K XyfladiA I f
chip before its natural ending and restarted to run over a period of 1 millisecond (synchronized
with the L1 frequency C/A code) for a total of 10 230 chips.

3.1.1.1.4.5.2 The XBli and XBQi cadeast becodes of length 8 191 with initial conditions that are specified in
ISGPS/705F, Tables-Ba and Ib. The XBli and XBQi catkeist not beshort-cycled andnust be
restarted to run over a period of 1 millisecond for a total of 10 230 chips.

3.1.1.1.4.5.3 The generating polynomials for the XA and XBli and XBQnucsids

a) XA: B+ X2+ X0+ ¥+ 1: and

b) XBli and XBQi* X2 +X + X+ X+ X + X + X + 1.

Compliance notet Additional details on code phase assignments are specified in the GPS Interface
Specification, K&5PS705F.
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3.1.1.1.4.6 Navigation data modulation. The L5 navigation data (CNAV) bintrairbeencoded at a rate of 2
symbols per bit using a convolution code with a constraint length of 7 to yield 100 symbols per
second (sps). The 100 sps symioolst thenbe modulated (Module? addition) with the 1€bit
Neumanl 2 FYly O2RS annnnmmanmnmé Of 201 SRnustbe m {11
Modulo-2 added with the 15 PRN code and used to modulate the-phase carrier.

3.1.1.1.4.7 Signal timing. The XA caougst besynchronized with the L1 frequency C/A code. The XBli and XBQi
codesmust besynchronized with the XA code.

3.1.1.1.4.8 Group delay differential. The absolute value of the mean differential delay between the radiated L1
and L5 signalsustnot exceed30.0 nanoseconds. The total variation about the mean (random
plus nonrandom variationsjnust not exceed3.0 nanoseconds (95 per cent probability).

Compliance nota Inter-signal corrections (ISCs) am®vided in the navigation data, to correct for the bias
component of the differential delay

3.1.1.1.5 L5 DATA STRUCTURE

3.1.1.1.5.1 Forward error correction. The L5 CNAYV bit traist berate 1/2 convolution encoded with a forward
error correction (FEC) code of constraint length 7.

3.1.1.1.5.2 Navigation data structure. The L5 CNAVmdatt beprovided in a set of sigecond 30¢bit long
messages.

3.1.1.1.5.2.1 Each messageist containa cyclic redundancy check (CRC) parity block of 24 bits protecting the
entire 300bit message.

3.1.1.1.5.2.2 Each messageist becomposed of the following ordered fields: a8, i LINBF Yot S o6 dawmn
the 6-bit PRN number of the transmitting satellite, 08 message type ID (range 0 to 63), thekiZmessage
time-of-week (TOW) count, aHit alert flag (bit 38), the data fiel(®38 bits), and the 2#it CRC parity block.

3.1.1.1.5.2.3 The TOW count multiplied byn6st providethe satellite time in seconds at the start of the next 6
second message.

3.1.1.1.5.2.4 Bit 3tustbel vy & SNI Tt 3¢ 6KSNB G(KS OFtdzS amé AYyRA
g2NBERS (GKIY AYRAOFGSR Ay (GKS aaz20AFGSR YSaalr3asS GeLlsS

3.1.1.1.6 L5 (CNAV) DATA CONTENT
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3.1.1.1.6.1 CNAV message types. The CNAV data broadcastethastlcontainthe message types listed in
Table BL52.

Compliance nota See IS5PS705F for details on the content argbplication of the data contained in each
message type.

Table BL52. CNAV message types

Message type Content
0 Default message (empty)
10 Ephemeris, accuracy, health parameters
11 Ephemeris, accuracy, health parameters
30 SV Cloclaccuracy, ionosphere, group delay
31 SV Clock, accuracy, almanac
32 SV Clock, accuracy, earth orientation parameters
33 SV Clock, accuracy, UTC parameters
34 SV Clock, accuracy, differential correction parame
35 SV Clock, accuradgPS/GNSS time offset
36 SV Clock, accuracy, text messages
37 SV Clock, accuracy, midi almanac

3.1.1.1.6.2 Message Type st contairthe elevationdependent (ED) component of the user range accuracy
(URAp index corresponding to the maximuetevationdependent error expected for the current ephemeris
curve fit for the worstcase location within the satellite footprint.

Compliance nota At the best location within the satellite footprint (i.e. nominally directly below the satellite
along its nadir vector), the corresponding URi& zero (see TablelE-3).

3.1.1.1.6.3 Message Types 30 tordidst containthe nonelevationdependent (NED) URA component indices:
URAepnoindex, URRepiindex, and URdspzindex, respectively, for the transmitting satellite.

The URRQepdvaluemust berelated to the URRepcindex according to TablelE-4.

The URAep1valuemust berelated to the URR&epindex as:
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Y'Y doo= —

where N = 14 + UR&:index

The URAep2valuemust berelated to the URANED?2 index as:

Y'Y Hop=—

where N = 28 + UR&y:index

Compliance note URAp, URAebo, URAep1and URAep-are used to compute the integrity assured URA

(IAURA).

Table BL5-3. Elevationdependent user range accuracy URA

URApindex URAb(mM)
6 144.00 <URADp(accuracy
15 - :
prediction not available)
14 307200 URAXK ¢ wMnndnan
13 1536.00URAK O NTH®AAN
12 768.00 < URApK ™M poc ®nn
11 384.00<URApX TcCcy ®dnn
10 192.00 URApK oy n dnn
9 96.00 URAXK M pH ®nn
8 48.00 URApXX pc ®nn
7 2400 <URADK ny ®nn
6 13.65URADK HN ®nn
5 9.65 <URADK MO ®dcCp
4 6.85 <URADK dPc p
3 4.85 <URADK c ®y p
2 340 <URAK n ®y p
1 240 <URADK o ®n n
0 1.70 <URADX H ®n n
-1 120 <URADK M DT n
-2 0.85 <URADX ™M ®H n
-3 0.60 <URADX n @y p
-4 043 <<URApK n dcn
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-5 0.30 < URAp<URADK ndn o
-6 021 <<URApK n don
-7 0.15<<URADK 5 DPH M
-8 0.11 <<URApK n dmp
-9 0.08 < URAM.11
-10 0.06 <URADK nony
-11 0.04<URADK nodnc
-12 0.03<<URADK naonn
-13 0.02<URApK nodno
-14 0.01<URADK ndnH
-15 <URADK nodnwm
Accuracy prediction not
-16 .
available

Table BL54. Non-elevationdependent user range accuracy UR#A

URA]EDoindeX URA\]Ede)
6 144.00 <URAepo(accuracy
15 . .
prediction not available)
14 3072.00 URAepoXX ¢ mMnn ®dnn
13 1536.00URAEpoX O N TH®AAN
12 768.00 URAEpoK M poc dnn
11 384.00 URAepoK T Cy ®@nn
10 192.00 URAepoX Oy n ®nn
9 96.00 URAEooX M thH ©n1n
8 48.00 URAEepoXK thc ®n n
7 24.00 <URAepoK Ny ®©nn
6 13.65 <URAepo H N ®n1n
5 9.65 <URAEpoK MO ®cC p
4 6.85 <URAeboX PcC p
3 4.85 <URAeoY XX c @y p
2 3.40 <URAepoXX N @y p
1 2.40 <URAepoX 0 ®n n
0 1.70 <URAeboX H ®n n
-1 1.20 <URAEepoX M PT n
-2 0.85 <URAEepoXX M ®H N
-3 0.60 <URAeoX n @y p
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-4 0.43 <URAepoX n dc n
-5 0.30 <URAepoXK 511 dn o
-6 0.21 <URAepoX 51 do n
-7 0.15 <URAepoXX N ®H M
-8 0.11 <URAEpoK ndmMp
-9 0.08 <URAEDXK N dM M
-10 0.06 <URAepoXK nodny
-11 0.04 <URAEepoX ndnc
-12 0.03 <URAeooK ndnn
-13 0.02 <URAepoX n®no
-14 0.01 <URAEpoX n®nH
-15 URAEpoXK 1 dnm
Accuracy prediction not
-16 .
available

3.1.1.2 Definitions Of Protocols For Data Application

Compliance note This 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 nonaircraft and aircraft elements, and that define terms applied tdedmine the

navigation solution and its integrity.

Table B-13. Reserved bits in subframes 4 and §

Subframe Pages Words Reserved bit position in word
4 17 10 17 -22
4 18 10 0-22
4 25 8 17 - 18
4 25 10 19-22
5 25 10 4-22
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Table B-14. Parity encoding algorithms

D1 = d] 5] Dt;[)

D, = dg @ Dtm

D; = ;@D

Dy = dy®D'y

Dlj = Dt]gt@d-l @dg @d; @dj @(15@(110@(111 (‘Bdu@dlg @du@dﬁ@dm@d]g@d]g
Dlﬁ = D’;D@(b@d;@d_; ®d5®(17®(111 @(111@(113@(114@(115 @(113@(119@(131@(134
Dy = D@ ®LOLOLOdOd®dr®d;s ®dy ®dis® dis® dis ® dyg @ d
DJS = ngod}@d_te')ds®d5®(13®(19®d13®d14@d15@dw@dﬂ@d}g@d}]@dg
Dag = Dtg[) @ d1 @D d; 5] ds 5] d5 @® (17 @ (lg &) dl[) (5] d1.4 @® dli @® dm &) dﬁ @ d1g @® d]] @D (llg 5] dg_i
D30 = Dt]g@)d;@dj@dé@dg@dg@dm@dn(‘Bdu@dlj(‘Bd-lg@dll@dg;@dg_;
where:

Dj. Dy. Ds, ... Dag. Dy are the bits transmitted by the satellite:

Dss. ... Dyp 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.

3.1.1.2.1 GPS PROTOCOLS FOR SIREQEENCY L1 USERS
3.1.1.21.1 Parity algorithm GPS parity algorithms are defined as indicated in Talike B

3.1.1.21.2 Satellite clock correction parametef3PS system timeis defined as:
t=tsvgO NG ADO[ ™

where
t= GPS system time (corrected for beginning and-ef
week crossovers);
tsv = satellite time at transmission of the message;

0 p)ih= the satellite PRN code phase offset;
6 pYih=  af0 + afl(ig toc) + af2(tg toc)2 +ntr ¢ TGD

where
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a0, a1 and a and t., are contained in subframe 1; and
ntr= the relativistic correction term (seconds)
ntr= FeKAsink

where

e and A are contained in subframes 2 and 3;
Eis defined in Table-B5; and

-2 l)tﬁ N
F= ‘ =_4.442807633(10)™ s/m”

WGS84 universal gravitational parameter (3.986005 **13%/s?)
the speed of light in a vacuum (2.99792458 %)

o =
TRT

Compliance note The value of t is intended to account for the beginning or-afrgdeek
crossovers. That is, if the quantitystis greater than 302 400 seconds, subtract 604 800 seconds
from t. If the quantity #tcis less tharg302 400 seconds, add 604 800 seconds to t.

3.1.1.21.3 Satellite positionThe current satellite position (XY, 4) is defined as shown in TablelB.

3.1.1.21.4 Ilonospheric correctio.he ionospheric correctionglo1) is defined as:

Fx [5.0x107° + AMP (1- f +2—’i)] x| <1.57

Tionor1=1 } (seconds)
F(5.0x107) x| >1.57
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where

3
5 AMP >
AMP= Z“=° Gfn AMP2 0} (seconds)
ifAMP <0, AMP=10
X = w (radians)

PER

3 n -
PER=I Zn=o Babm. PER=72 000 }(seconds)
lif PER < 72 000, PER = 72 000

F=1.0+16.0[0.53 - E)

a, and B, are the satellite transmitted data words withn=0. 1, 2 and 3

Op =0;+ 0.064 cos (4;— 1.617) (semi-circles)

ki

b

. Psin A L
= hyt+ (semi-circles)
cosdy

= (O, + v cos A (semi-circles)

=0.416

Bi=a; if | s

b= { ¢;= + 0.416 if P; > 0.416, ¢ (semi-circles)

U=

d;=-0416if §; < -0.416

0.0137
E+0.11

—-0.022 (semi-circles)

= 432 x 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

3.11.214.1 The terms used in computation of ionospheric delay are as follows:

a) Satellite transmitted terms
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hp= the coefficients of a cubic equation representing the amplitude of the vertical delay
(4 coefficients = 8 bits eachptained from page 18 of subframe 4
in= the coefficients of a cubic equation representing the period of the model (4

coefficients = 8 bits eaclaptained from page 18 of subframe 4
b) Receiver generated terms

E =elevation angle between the user and satellite (seimgles)

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 time=receiver computed system time

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) (sexincles)

< = 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)
' SIENIKQa OSy NIt Fy3tS o06SG6SSy dzaSNI LR A

intersection point (semcircles)
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Table B15. Elements of coordinate systems

A= (@2 Semi-major axis
7 Computed mean motion
1, = —_—
0 A3

t=1—te Time from ephemeris reference epocht
n=mng+An Corrected mean motion
My = My + nty, Mean anomaly
M =Ei—esmnEx Kepler’s equation for eccentric anomaly (may be solved by iteration)

| (Sin Vi 1 (V1—e?sinEy/(1—ecosEy)
vy = tan™ [ — } = tan™ — True anomaly

cos Vi, (cos E, —e)/(1 — e cos Ey)
_i [ e+cosvy i
E; = cos {7} Eccentric anomaly
1+ecosvy
=i+ Argument of latitude
Second Harmonic Perturbations

ou, = C,, sin 20y + C,. cos 24y Argument of latitude correction
or, = C,. sin 2¢, + C,. sin 24, Radius correction
By = Cje c0s 20, + Cy: sin 24y Inclination correction
1, =y, + Ouy, Corrected argument of latitude
. =A(l —e cos Ey) + o1y Corrected radius
1 =1p + &1, + (1IDO Tty Corrected inclination
X', = 13,CO5 Uy - in orbital ol
V= nsin Uk} Positions in orbital plane
Q=0+ (Q.Qe)tk — ;')_etoe Corrected longitude of ascending node

¥;.= X'}, Sin ©y — ¥, cos ,cos

X=X, €05 £ — ', cos 1 sin Oy
Earth-centred, earth-fixed coordinates

7=y} sini

*  t1s GPS system tume at time of transnussion, 1.e. GPS time corrected for transit time (range/speed of light). Furthermore, i is the actual total
time difference between the time t and the epoch time tee, and must account for beginning or end-of-week crossovers. That is. if tx is greater than
302 400 seconds. subtract 604 800 seconds from fx. If 1 is less than —302 400 seconds. add 604 800 seconds to fi.

3.1.1.2.2 GPS PROTOCOLS FOR SIREQEENCY (L5) ANDALFREQUENCY (L1/L5) USERS
3.1.1.2.2.1 Parity algorithm. The CNAV CRC wmaist becalculated in the forward direction using a seed of 0.
The sequence of 24 bits (p1, p2,..., p@d)st begenerated from the sequence of information bits (m1, m2,...,

m276) using the following generating polynomial:

173



TECHNICAL STANDARDS
¥ Namibia Civil Aviation Authority (NAMCATS)
( Safety Division
N AA Part 171: ATENolume 1
24
Qo) = B @°

Q0

wheregi=1forQ, 1, 3,4,5,6,7,10, 11, 14, 17, 18, 23, 240, aitherwise.

Compliance note See IS5PS705F for full details on the CNAV parity algorithm.

3.1.1.2.2.2Satellite clock correctiorbection 3.1.1.2.1.&wust apply

Compliance note Additional terms apply to the satellite clock correction for single
frequencyL5 and duakrequency LAndL5 userss showrin 3.1.1.2.2.5.

3.1.1.2.2.3 Satelliteposition. Thecurrent satellite position (X, Y, Z) must becalculatedas
shownin Table BL55.

Compliance not® Theephemerigparameterstoe, LA, A, Lho, bho, Mo, €n, Wk, Wbn, [,

ion, /02, Cisn, Cic-n, Crsny Creny Cusny, @nd Gien, areprovidedin CNAVmessagdypes 10 and
11.

3.1.1.224 Integrity assureduserrangeaccuracy(lAURA)

3.1.1.2.2.4.1 Composite IAURAhe composite IAURA valgaist bethe RSS of an elevation
dependent (ED) component and a nelevationdependent (NED) component.

IAURA =\ (adjusted IAURAgp)? + IAURA?

NED

3.1.1.2.2.4.2 Elevatiedependent (ED) accuracy estimad@ adjusted ED IAURA value (in
metres)must becomputed from the upper bound value of the URAED obtained from message
Type 10, Table-B5 3, and the equation

adjusted IAURAED = URAED (sin(E+90))

where

m
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3.1.1.2.2.4.2 Nonelevationdependent (NED) accuracy estimate. The-etavation
dependent IAURA value (in metresyist becomputed using the upper bound
value of URANEDO and the equation:
IAURANED = URANEDO + URANEDlx(t ) top + 604,800><(WN| WNop)
when t¢ top +604,800x(WN;2 b2 LJ0 XX doXcnn aSO2yRaA
and
IAURANED = URANEDO + URANEDx(t+ 604,800 (WK WNop)
+ URANED2x¢ti 2 LI b ¢ n ncXViNap)t 88¢600§ b
when t¢ top + 604,800x(WN WNop) > 93,600 seconds
where

t = GPS system time

WN, WNop, top, URANEDO, URANED1L, URANED? areobtainedrom messagd&ypesl0, 30
to 37,andTable BL5-4.

3.1.1.2.2.5 Estimated L5 group delay differential for sisighguency users.

Compliance nota Inter-signal biases for L1/ldualfrequency users are corrected via the ionosphere
free pseuderange described in 3.1.1.2.2.7.

3.1.1.2.2.5.1 For the singfeequency L5 15 user, the satellite clock time, corrected for the L1/L5 inter
signal biasmust beas follows:

Fydise = Yove Yoot O ¥de

3.1.1.2.2.5.2 For the singfeequency L5 Q5 user, the satellite clock time, corrected for the L1/L5 inter
signal biasmust beas follows:
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By dusos = Yove Yoot O ¥és
Compliance noté Tep, ISGsis and 1SCsqs are providedin CNAVmessagdype30.
3.1.1.2.2.5 lonospheric correction. For L5, the sinfglequency ionospheric correction defined in
3.1.1.2.14nustbeYdzf GALX ASR o0& QuMpI o60¢A2y23[p I Qupe¢Azy
575.42/1 176.45)2 = (154/115)2
3.1.1.2.2.7 L1/L5 ionospheric correction for diralquency users.

3.1.1.2.2.7.1 The ionosphefeee pseuderange for the duafrequency (L1 C/A and L5 I5) usaust

be as follows:
PR = (PRLEIS - )/15PRL1C/A) + C(ISCLEIS - ]’151561,1::/;1) ¢
1-71s b
where
PR = pseudoange corrected for ionospheric effects,
PRi = pseuderange measured on the channel indicated by the
subscript, ISCi = inter-signal correction for the channel indicated by the
subscript,provided in CNAV message Type 30,
TGD = L1 P(Y) and L2 P(Y) insggnal correction, provided in
CNAV message Type 30,
c =  speed of light, and
Qmp = (fL1/fL5)2 = (1 575.42/1 176.45)2 = (154/115)2.

3.1.1.2.2.7.2 The ionosphefeee pseuderange for the duafrequency (L1 C/A and L5 Q5) usearst be
as follows:

_ (PRLSQS - Y15PRL1C/A) + C(ISCLSQS - Y15ISCL1L",:’A) B

PR
1-vyis

Clgp

where
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Table BL55. Elements of coordinate systems for L5 CNAV data
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ty =t—tge Time from ephemens reference epoch”
Ap = Aggp + AA Semi-major axis at reference time™
A=A+ At Semi-major axis
IT Computed mean motion
ng = qlﬂ_ﬂ.
An, = Ang + ;ﬂ'i"l:-tk Mean motion difference from computed value
n, = ng + An, Caorrected mean motion
M = Mg + naky Mlean anomaly
M = E, — e sinEy Kepler's equation for eccentric anomaly (may be solved by iteration)
o _afsinwg) \ﬁﬁiﬂ[kffl—ttﬂﬁ Eg)
Ve = [L‘U!i'l.l'k]_ [ {cos E, —e)f{1 —ecos Ey) ] True anomaly
Ey = cos™! 1%] Eccentric anomaly
fu = Vi + Argument of latitude
Second Harmonic Perturbations
B = Csn 5in 20 + Cucn 005 2o Argument of latitude comrection
G = Crn 5000 2y + Cron 500 20 Radius correction
Bix = Covn 5in 28y + Cicw COS 2 Inclination correction
e = e + S Corrected argument of latitude
re = A1 - e, cos B + By Corrected radius
i = ig + ip_nty + Bij Corrected inclination
::t z rrtz?: ::} Positions in orbital plane
01 = Qgpe + Al Rate of right ascension™”

Oy = Doy + (00— 0ty - 01t  Corrected longitude of ascending node

Vi = X sin - ¥’} cos ioos 0 Earth-Centred, Earth-Fixed coordinates

B = ¥ sin i

¥ = ¥y cos 0y, - y'pcos i sin 0 }

t is (GPS sysiem timee o1 fime of trensmission, Le. GPS time comected for tmnsit time (range'speed of light). Ferthermaore, 1 is the acmal toial
time difference betwern the time 1 and the epoch time t.. @nd must scommnt for beginning or end-of-week crossovers. That is. if @ is groater than
302 300 seconds, subtrct S04 200 sevonds from i, Iy s less then <502 300 seconds, add 04 500 seconds o §.

A 26 555 710 metres

e = —2.6% 107 semicircles'second
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3.1.1.3 Aircraft Elements
3.11.31 (GP%eceiver

3.1.3.1.1 Reserved

3.1.1.3.1.2Satellite trackingThe receivemust providethe capability to continuously track a minimum of four

satellites and generate a position solution based upon those measurements.

3.1.1.3.1.Doppler shift The receivemust beable to compensate for dynamic Doppler shift effects on nominal
SPS signal carrier phase and C/A code measurements. The recestarompensatdor the Doppler shift that

is unigue to the anticipated application.

3.1.1.3.1.4Resistance to interferenc&he receivemust meetthe requirements for resistance to interference

as specified in Chapter 3, 3.7.

3.1.1.3.1.5Application of clock and ephemeris dafBhe receivemust ensurethat it is using the correct
ephemeris and clock data before providing any position solution. The regaiv&@rmonitorthe IODC and IODE
values, and to update ephemeris and clock databased upon a detected change in one or both of these values.
The SPS receivenust useclock and ephemeris data with corresponding IODC and IODE values for a given

satellite.

3.114 Time

GPS timenust bereferenced 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 1980. The largest
unit used in stating GPS tirmeust bel week, defined as 604 800 seconds. The GPS time scale
must bemaintained to be within 1 microsecond of UTC (Modulo 1 second) after correction for
the integer number of leap seconds difference. The navigation ohist containthe requisite

data for relating GPS time to UTC.

3.1.2 Globahavigation satellite system (GLONASS) channel of standard accuracy (C88) (L1

Compliance note In this section, the term GLONASS refers to all satellites in the constellation.

Standards relating only to GLONA&Satellites are qualified accordingly.
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3.1.2.1 NorAircraft Elements

3.1.2.1.1 L1OF (L1 OPEN SERVICE FBR®AMAharacteristics

Compliance note Additional information on the L10OF RF characteristics is given in the
GLONASS Navigational radio signal in bands Uhtdrface Control Document (Edition 5.1), dated 2008
OKSNBAYI FGSNI NBFSNNBR (2 Fa aD[hb! {{ C5a! L/ 5¢0

3.1.2.1.1.1 Carrier frequencieg.he nominal values of L1 carrier frequenciasst beas defined by the following

expressions:

fkl = fO1 + Rfl
where

Kk =¢t2 XX nX MZ XX ¢ FNB OF NNASNI ydzYo SNE 06 F NJ
GLONASS satellites in the L1-bahd;
for= 1 602 MHz; anghf, = 0.5625 MHz.

Carrier frequenciesnust be coherently derived from a common dvoard time/frequency
standard. The nominal value of frequency, as observed on the groumst, beequal to 5.0 MHz.
The carrier frequency of a GLONASS satatlitst bewithin +2 x 16" relative to its nominal value
fi.

Compliance noté.1 The nominal values of carrier frequencies for carrier numbers k are given in
Table B16.

Compliance not&.t For GLONAS® 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:

fio = T2 + Kty

foo= 1 246 MHzpf, = 0.4375 MHz.

For any given value of k the ratio of carrier frequencies of L1 and tdasdb will be equal to:
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Table B16. L1 carriefrequencies
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 1 604.8125
4 4 1 604.2500
3 3 1 603.6875
2 2 1 603.1250
1 1 1 602.5625
0 0 1 602.0000
cl 31 1 601.4375
Q2 30 1600.8750
3 29 1 600.3125
c4 28 1 599.7500
5 27 1599.1875
6 26 1 598.6250
7 25 1 598.0625

3.1.2.1.1.2 Carrier phase nois@he phase noise spectral density of the unmodulated camiest besuch that
a phase locked loop of 10 Hz esided noise bandwidth provides the accuracy of carrier phase
tracking not worse than 0.1 radian (1 sigma).

3.1.2.1.1.3 GLONASS pseuthindom code generationThe pseudagandom ranging codenust bea 51%bit
sequence that is sampled at the output of the seventh stage ofsta@e shift register. The
initialisation vector to generate this sequenceistbed MMMMMMMMME @ ¢ KS ISy SN
that corresponds to the 8tage shift registemust be

G(x) = 1 +% .

3.1.2.1.1.4 Spurious emission$he power of the transmitted RF signal beyond the GLONASS allocated bandwidth
must not bemore thang40 dB relative to the power of the unmodulated carrier.
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Compliance notd.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 6601 670 MHz band.

Compliance not@.1 GLONASS satellites launched beyond 2005 use filters limitiod-loamd emissions to the
harmful interference limit contained in Recommendation-RTBA.769 for the 1 610¢6l 613.8
MHz and 1 66@ 1 670 MHz bands.

3.1.2.1.1.5 Correlation lossThe loss in the recovered signal power due to imperfections in the signal modulation
and waveform distortionrmustnot exceed).8 dB.

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 1iicse lossfree receiver with 4
chip correlator spacing and a 1.022 MHz bandwidth.

3.1.2.1.2 L1OF (L1 OPEN SERVICE FDiit&)Structure

Compliance note Additional information concerning the data structure is given in the GLONASS FDMA
ICD

3.1.2.1.2.1 General The navigation messagaust betransmitted 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 superframes. The superfranst consisbf the frames and
the framesmust consistof the strings. The boundaries of strings, frames and superframes of
navigation messages from different GLONASS satellitast be synchronized within 2
milliseconds.

3.1.2.1.2.2 Superframe structurelhe superframenust havea 2.5minute duration andnust consisbf 5 frames.
Within each superframe a total content of nammediate information (almanac for 24 GLONASS
satellites)must betransmitted.

Compliance note Superframe structure with indication of frame numbers in the superframe and
string numbers in the frames is shown in Figuig B

3.1.2.1.2.3 Frame structureEach framenust havea 30-second duration andhust consisof 15 strings. Within
each frame the total content of immediate information (ephemeris and time parameters) for
given satellite and a part of nonimmediate information (almanam)st be transmitted. The
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frames 1 through 4nust containthe part of almanac for 20 satellites (5 satellites per frame) and
frame 5must contairthe remainder of almanac for 4 satellites. The almanac for one sateillitt
occupytwo strings.

Compliance note Frame structures are shown in Figure8 &nd B9.

3.1.2.1.2.4 String structure Each stringnust havea 2second duration andnust containbinary chips of data
and time mark. During the last 0.3 second within thie2ond interval (at the end of each string)
the time markmust betransmitted. The time mark (shortened pseuttndom sequencenust
consistof 30 chips with a time duration for each chip of 10 milliseconds and having the following
sequence:

111110001101110101000010010110.

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 durationjst betransmitted in bibinary format. The

numbers of bits in the stringiust beincreased from right to left. Along with information bits (bit
positions 9 through 84) the check bits of Hamming code (KX) (bit positions 1 throomtsiBhe
transmitted. The Hamming codaust havea code length of 4. The data of one strimgist be

separated from the dataf adjacent strings by time mark (MB). The words of the datest be

registered by MSB ahead. In each string bit positonn8st bel y A Rf S OKALJ 0 G
transmitted first.

3.12.1.2.4.1 Strings 1 through 4The information contained in strings 1 through 4 of each framest
correspondto the satellite from which it is transmitted. This informatiarust not bechanged
within the superframe.

3.1.2.1.2.4.2 Strings 5 through 15Strings 5 through 15 of each frameust containGLONASS almanac for 4 or
5 satellites. The information contained in the fifth strimyist berepeated in each frame of the
superframe.
Compliance note String structure is given in FigurelB.

3.1.2.1.3 L1OF (L1 OPEN SERVICE FDistt&)Content

Compliance note Additional information concerning the data content is given in the GLONASS FDMA
ICD.
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3.1.2.1.3.1 Ephemeris and time parameteiEhe ephemeris and time parametaraist beas follows:

M

tx

tb

4n(to)

where

fn(tb)

fin

_n(tn)

Xn(tb), Ya(tb), Z(tn)

= the string number within the frame;

= the time referenced to the beginning of the frame within the current day. It is calculated

according to the satellite time scale. The integer number of hours elapsed since the
beginning of the current day is registered in the 5 MSBs. The integer numipanaes
elapsed since the beginning of the current hour is registered in the next 6 bits. The
number of 30second intervals elapsed since the beginning of the current minute is
registered in the one LSB. The beginning of the day according to the sditeléitecale
coincides with the beginning of the recurrent superframe;

= 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,

= the relative deviation of predicted carrier frequency value e$atellite from the
nominal value at theénstant t, i.e.

fn (tb}_an

Yn (tb) = an

the forecast frequency of-satellite clocks at an instang;t

= the nominal value of frequency ofsatellite clocks;

the correction to the msatellite time t, relative to GLONASS
time tcat an instant§, i.e._n(ts) = &(tv) ¢ tn(tn);

the coordinates oh-satellite in PA0 coordinate system at an insta
to;

X (tv), ¥n(tv), zZ:(tw)= the velocity vector components ofsatellite in PA0 coordinate

system at an instanpt

X (to)¥n(te), z(tw)= the acceleratiorcomponents of rsatellite in PA0 coordinate systel

at an instant §, which are caused by effect of sun and moon;
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En

Fy AYRAOIFIGAZ2Y 2F GKS &l 3S¢ 2

interval elapsed since the instant of @alculation (uploading) until tt

instant §, for n-satellite;

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:

P1 Time interval between adjacent values of t, in minutes

0 0
1 30
10 45
11 60

P2 = aflag indicating whetherthe value ofk &8 2 RR 2 NJ S @
indicates a 3@ninute interval of service information transmit, @& 1,
0X p X0 | @I f dzS-migue intermaf of deywiB
information transmit (' HX ¢ X mMn XOT

P3 = a flag indicating the number of satellites for which an alman
transmitted within a given framet m¢é¢ O2 NNB & L2 y R¢
Gné O2NNBaLRyRa (G2 n alaStftad

Na = the time difference between the navigation RF signal transmitted
subband and navigation RF signal transmitted in Lttsartd by give
satellite:

n_y dtf1d¥Fnw

where t, t are the equipment delays in L1 and L2 $amds respectively, expressed in units of
time.

3.1.2.1.3.2 Ephemeris and time parameterBhe ephemeris and time parametersist beas indicated in Table
B-17. For the words for which numeric values may be positive or negative, tharMSiBoethe
aA3JYy 0A 0 dmustkoBesdrdi2) BKE abé a A mubtcorrgsBondi B S q KB A &J
¢ aAdyo
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3.1.2.1.3.3 Arrangement of the ephemeris and time parameteksrangements of the ephemeris and time
parameters within a framenust beas indicated in Table-BS.

3.1.2.1.3.4 Almanac parameterslhe almanac parametersust beas follows:
A =an index showing relation of this parameter with the almanac;

M4, =an index of the modificationof¥d I 4G St t AGSY anné AYRAOIF(GSa& D]
indicates GLONAS& satellite;

<= the GLONASS time scale correction to UTC(SU) time. The correidigiven at the instant
of day N

NA = the calendar day number within they#ar period beginning since the leap year. The
correction_cand other 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 B6);

<, =the longitude of the first (within the Nday)ascending node of‘rsatellite orbit in P20
coordinate system;

t&, =the time of the first ascending node passage b&atellite 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
th 7 15 15...1 425 minutes
I n(tn) 11 2¢40 +2¢30 dimensionless
_n(to) 22 2¢30 +29 seconds
Xn(tb), Yn(tb), Z(to) 27 2c11 +2.7 x 10 km
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Endtod S (to® & (t) G 24 2¢20 +4.3 km/second
X'n (t), ¥ (tv), Z'n (tb) 5 2¢30 6.2 x 16 km/second
E 5 1 0to31 days
Bn 3 1 Oto7 dimensionless
P1 2 as detailed in 3.2.1.3.1
P2 1 0,1 dimensionless
P3 1 s 97’ 10 imensionless

5 +13.

e 2630 seconds

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
tyc 12 1 65-76
to 7 2 70-76
Yalty) 11 3 - 69 — 79
Ta(th) 22 4 59— 80
Xa(t) 27 1 935
Valt) 27 2 9-35
z(t) 27 3 935
Xu(th) 24 1 4] — 64
Valty) 24 2 41— 64
z(t) 24 3 41— 64
X,(tp) 5 1 3640
§olty) 5 2 3640
Za(ty) 5 3 3640
E, 5 4 4953
B, 3 2 78 — 80
Pl 2 | 7778
P2 1 2 77
P3 1 3 80
Aty 5 4 54 — 58
n Al y= the correction to the mean value of inclination dtsatellite atinstant of t4,

(mean value of inclination is equal to 63 degrees);

n ¢ ! y=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);
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n ¢A¢ = the rate of change of Draconian period dtsatellite;
8 1y = the eccentricity of fisatellite at instant of £;

. 1y = the argument of perigee of‘rsatellite at the instant of £;

the coarse value of‘rsatellite time correction to GLONASS time at instantAf t

<,
I

CAn = | 3ISYSNIfAT SR AsélReSat ihstamt 8f alfidnac BgloadRalna
of orbits and phasedVhen G = 0, this indicates that-satellite is noroperational
When G = 1, this indicates that-satellite is operational.

3.1.2.1.3.5 Partition and coding of almanac parameterShe GLONASS almanac, transmitted within the
superframe,must bepartitioned over the superframe, as indicated in Tabl&9B The numeric
values of almanac parametensust bepositive or negative. The MSBust bethe sign bit, the
OK A Liusgt cofrespondi 2 G KS dabé aA Inyst coregpBndiirK SG¢KCE ARy @™ &
almanac parametersiust becoded as indicated in TableZB.

3.1.2.1.3.6 Arrangement of the almanac parameteirrangement of the almanac words within the framest
be as indicated in Table-BL.

3.2.1.4 Content And Structure Of Additional Data Transmitted By Gloh&satellitesIN L1OF (L1
OPEN SERVICE FDMA)

Compliance nota Additional information concerning the data content and structure is given in the
GLONASS FDMA ICD.

3.12.1.4.1 Letter designation of additional datén addition to the GLONASS data, GLONASS&tellitesmust
transmitthe following additional data as indicated in Tabié BA:

n 1 an index of the satellite transmitting the given navigation signal: it corresponds to a slot
number within GLONASS constellation;

lh T healthflagforri K &l 0SEtfAGSY-G&n&l AGRADEBESAAGKS! {0
malfunction of the rth satellite;
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Blt coefficient to determinenUTL1: it is equal to the difference between UT1 and UTC at the
beginning of the day (), expressed in seconds;

B2 1 coefficient to determinenUTL1: it is equal to the daily change of the differenddT1
(expressed in seconds for a mean sun day).

These coefficientmust beused to transform between UTC(SU) and UT1:
nUT1= UTC(SQUTL,
where

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,

NUT1=B1 + B2 x{NINY),
KPt notification of a forthcoming leap second correction 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 note  GLONASS 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 Januaryfirst quarter,
from 31 March to 1 Aprii second quarter,
from 30 June to 1 Juty third quarter,
from 30 September to 1 Octoberfourth quarter.
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Nr T current date, calendar number of the day within the fepgar interval starting from 1
January in a leap year;

Compliance note An example of Ntransformation into the common form of current data
information (dd/mmlyy) is presented in Attachment D1.2.7.1.

N4t four-year interval number starting from 1996;

Fr1 a parameter that provides the predicted satellite user range accuracy at §inGting is as
indicated in Table B7B;

M1 type of satellite transmitting the navigation signal. 00 refers to a GLONASS satellite; 01 refers
to a GLONASS satellite;

P4t FE1 3 (2 aK2g¢ 0GKIFG dzZZARF SR SLIKSYSNRA LI NI YS
ephemeris or frequency/time parameters have been uploaded by the control segment;

Compliance note Updated ephemeris or frequency/time information is transmitted in the next
interval after the end of the current interval t

Pt technological parameter of control segment indicating the satellite operation mode in
respect of time parameters:

00 T _cparameter relayed from control segmentesparameter relayed from control segment;

01 T _c parameter relayed from control segmentgpsparameter calculated oioard the
GLONASH! satellite;

10 T _c parameter calculated oivoard the GLONASS satellite; _cpsparameter relayed from
control segment;

11 1 _cparameter calculated oboard the GLONASS satellite; _cpsparameter calculated on
board the GLONAS® satellite;

_epsT correction to GPS time relative to GLONASS time:

TGP$ TGLZJ’]T +_cpPs where
189



{’*
NCAA

NAMIBIA CIVIL AVIATION AUTHORITY

Namibia Civil Aviation Authority
Safety Division

(NAMCATS)

TECHNICAL STANDARDS

Part 171: ATENolume 1

3.1.2.1.4.2 Additional data parametersAdditional data parameters are defined in Tables72\ to B18A.

NT is the integer part, angseds the fractional part of the difference between the system

timescales expressed in seconds.

Compliance note The integer parpT is determined from the GPS navigation message by the

user receiver.

MA, T type of satellite AY O2 RA y 3

GLONASBI satellite.

anné

AYRAOI GSa

D[ hb! {{

3.1.2.1.4.3 Location of additional data words within GLONA&Bavigation messagd&.he required location of

additional data words within the GLONA®Savigation message is defined in Tabl282\.

Table B-17A. Additional data parameters

Parameter No. of bits Scale factor (LSB) Effective range Units
n 5 1 0to 31 Dimensionless
1, 1 1 0;1 Dimensionless
Bl 11 21 =0.9 seconds
B2 10 2716 (—4.5 to 3.5) = 107 s/mean sun day
KP 2 1 0to3 Dimensionless
Nt 11 1 Oto 1461 days
Na 5 1to 31 four-year interval
Fr 4 See table B-17B
M 2 1 0to3 Dimensionless
P4 1 1 01 Dimensionless
2 1 00,01.10.11 Dimensionless
Teps 22 2730 +1.9 = 107 seconds
M, 2 1 0to3 Dimensionless
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Table B-17B. Ft word coding

Fr value Pseudorange accuracy. 1 sigma (m)
0 1
1 2
2 2.5
3 4
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

Table B-18A. Location of additional data words within the GLONASS-M navigation message

String mumber within the

Word Number of bits superframe Bit number within the string
n 5 4,19, 34,49, 64 11-15
Iy 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 4,19, 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
1Gps 22 5,20, 35, 50, 65 10-31
M*, 2 6,8,10,12, 14 78 -79
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Table B-19. Almanac partition within the superframe

Frame number Satellite numbers. for which almanac is
within the superframe transmitted within given frame
1 ltos
2 6to 10
3 11to 15
4 16 t0 20
5 21to 24

Table B-20. Almanac parameters coding

Number Scale factor
Parameter of bits (LSB) Effective range Units
M*, 2 1 Oto3 dimensionless
T, 28 272 +1 seconds
N4 11 1 1to 1461 days
n* 5 1 1to24 dimensionless
H% 5 1 0to 31 dimensionless
2 21 2720 +1 semi-circles
A, 21 27 0 to 44 100 seconds
Ai*a 18 2 +0.067 semi-circles
AT 22 2-? £3.6 = 10° seconds/revolution
AT, 7 2 +27 seconds/revolution®
st 15 2720 0 to 0.03 dimensionless
o' 16 2 +] semi-circles
tA, 10 27t £1.9 %107 seconds
C* 1 1 Otol dimensionless
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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, 2 6.8.10,12, 14 78 — 79
T, 28 5 42 - 69
Nt 11 5 70 — 80
n* 5 6.8.10.12. 14 7377
H* 5 7.9.11.13. 15 10—14
2a 21 6,8.10, 12, 14 42 - 62
A, 21 7.9.11, 13,15 44 — 64
Ai*a 18 6.8.10, 12, 14 24-41
AT, 22 7.9.11. 13,15 2243
A 7 7.9.11, 13,15 15-21
e 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
(e 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 firame.

3.1.2.1.5 L10C, L30C RF CHARACTERISTICS

Compliance nota Additional information concerning the RF characteristics is given in the GLONASS CDMA ICD

DSYSN}If 5SaONARLIIAZ2Y 2F /5a! {A3Iylrf {@2aliSYZI 9RAGAZ2Y
L/ 5 DSYSNIt 5S&ONALIA2Y band andl iyf theiGLSONABS COMA ICD L3/b&nd.! L/ 5

3.1.2.1.5.1 The L10C signalst containL10Cd data and L1OCp pilot components of equal power levels. These
componentanust beobtained by chigby-chip timedivision multiplexing of two pseudo random noise sequences.
The L10OC signalust bein phase quadrature with the L1SC signal. L10C leads L1%Zrhglians as shown in
Figure BrA.

Compliance note The L1SC signal is a CDMA secured service navigation signal in the L1 frequency band and is
not used in aviation.
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3.1.2.1.5.2 The L30C sigralst containL30Cd data and L30OCp pilot components of equal power levels. These
componentanust occupyphase quadratures | and Q, respectively. L30Cd leads L30Cprhgians as shown in
Figure B7A.

3.1.2.1.5.3 Carrier phase noise. The phase noise spectral density of the unmodulatedmmastibesuch that a
phase locked loop of 10 Hz os&led noise bandwidtmust beable to track the carrier to accuracy no worse than
0.01 radians rms.

3.1.2.1.5.4 Spurious emissions. The power of the transmitted RF signal beyond the GLONASS allocated bandwidth
must not bemore thanc40 dB relative to the power of the unmodulated carrier.

Compliance notd.t The GLONASS allocated bandwidths are L1 (1 §92690 MHz), L2 (1 237¢8 256.8 MHz)
and L3 (1 190.3§1 212.23 MHz).

Compliance not.1 GLONASS satellites use filters limiting-ofuband emissions to the harmful interference
limit contained in Recommendation ITRIRA.769 for the 1 6106l 613.8 MHz and 1 6601 670 MHz bands.

3.1.2.1.5.5 Correlation loss. The loss in the recovered signal power due to imperfections in the signal modulation
and waveform distortionrmustnot exceed).6 dB.

Compliance nota The loss in signal power is the difference between the broadcast power in the specified
bandwidth and the signal power recovered by a ndiee, lossfree receiver with ichip correlator spacing and
an RF fronend with the same bandwidth.

3.1.2.1.6 L10OC, L30C DATA STRUCTURE

Compliance note Additional information concerning the data structure is given in the GLONASS CDMA ICD
General Description; in the GLONASS CDMA ICD L1 band; and in the GLONASS CDMA ICD L3 band.

3.1.2.1.6.1 General. The GLONASS CDMA navigation messsigbe transmitted as a variable sequence of
strings. Stringamust compriseservice and data fields (separate bits or groups of bits containing specific
parameters).

Compliance note A pseudoframe is a set of strings of immediate and-imomediate data starting with the three

strings of ephemeris and clock data (immediate data). The remaining strings of a pseudoframe contain
nonimmediate data.
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3.1.2.1.6.2 Service fields. The structure of a service sentigst bethe same for each type of signal and include
preamble, type of the string, time of the beginning of the string (TS), satellite ID number, signal parameters and
cyclic redundancy check (CRC) bits to check the integrity of the string data.

3.1.2.1.6.3 Data fields. The structure of data fiehdsst dependon the string type. Each type of strimust contain
a complete individual block of data with the exception of orbit and clock data, which occupies three types of strings
and must betransmitted as a continuous packet.

Compliance note The message design may evolve together with future evolutions of GLONASS. This evolution
may involve the inclusion of additional new string types, which can either contain new data types or modify the
existing string types.

3.1.2.1.6.4 L10OC message characteristics

3.1.2.1.6.4.1 The L10OCd navigation messaggt betransmitted at 125 bits/s. The messagrist consisbf 250
bit strings of 2second duration as well as of 1:2&nd 375bit anomalous strings of-land 3second duration,
respectively.

3.1.2.1.6.4.2 L10OCd nominal string structure. Each L10Cd nominalnstrstgonsisiof 50-bit service fields, a
184-bit data field and a it CRC service field as shown in Figu#BBTransmission of a strimgust startwith
bit 1 (the first bit of the preamble and end with bit 250 (last bit of CRC)).

3.1.2.1.6.4.3 L10OCd service fieksst beas shown in Table-BOA
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Table B19A. Parameters of L10OCd service fields

. Number | . L?aSl . e
Field .| significant Value range Unit Description
of bits bit
Preamble 12 1 010111110001 - Constant time stamp
Type 6 1 0-63 - Type of a current string

] 6 1 0-63 - ID number of a satellite that transmits
this navigation message. SV ID number
“0" 1s reserved and can only be enabled
upon termination of combined use of
GLONASS CDMA and FDMA signals.
H’ 1 1 0,1 - healthy (*07) or unhealthy (“17)
navigation signal
IS 1 | 0,1 - validity (*0”) or invalidity (**1”") of the
data transmitted in the current string
Pl 4 Ground control call. This field is not used by user receivers.

P2 1 Attribute of SV orientation regime: SV is Sun-pointing (“0”) or performs
noon/midnight turn manoeuvre (*1")

KP 2 1 00,01, 10, 11 - Indication of the expected UTC(SU)
correction at the end of current quarter on
GMT. UTC(SU) corrections shall result
in the corresponding corrections of
L10Cd time:

00 — no correction planned;

01 — day length 1s mncreased by | s;

10 — correction decision is pending;

11 — day length is reduced by 1 s.

A 1 1 0,1 - Indication of the expected L10Cd signal
time correction at the end of the next
string:

A =0 - no correction 1s planned.

A = | — correction is planned.

The combination of A = | and KP = 11
in the current string denotes that the next
string will be a Type 1 anomalous string
of | s duration. The combination of A =
1 and KP = 01 in the current string
denotes that the next string will be a
Type 2 anomalous string of 3 s duration.

TS 16 1 0—-43199 2s Time stamp digits expressed in 2-second
intervals within a current day in L10Cd
time.

CRC 16 1 Check bits of the cyclic code

3.1.2.1.6.4.4 L10Cd anomalous strings.

Anomalous stringmust beindicated by string Types 1 and 2. Strings of Typeidt beused to indicate the leap
4502yR O2NNBOGA2Ya 2F [Mh/ R &aA3ylt GAYS mustboysistf RI &
50-bit service fields, a 5Bit data field and a it CRC service field as shown in Figui&CB Strings of Type 2
mustbedza SR G2 AYRAOFGS GKS fSIL) aSO2yR O2NNBOGA2ya 27
Strings of Type thust consisbf 50-bit service fields, a 30kit data field and a 24it CRC service field as shown in

Figure B7D.

196



TECHNICAL STANDARDS
W Namibia Civil Aviation Authority (NAMCATYS)

K Safety Division

NCA

A Part 171: ATENOolume 1

NAMIBLA CIVIL AVIATION AUTHORITY

3.1.2.1.6.4.5 L10Cd nominal strings CRC. The CRC (250,234) generator potymstrhavethe following form:

A 234bit data blockmust beRSf A 3SNBR (2 (KS SyO2RSNDa AyLlzi oadtl
SYRAY3 gAGK GKS mMynidK o0AG 27F G KSbitRicdded bidckiiist Bed & !
generated by adding 16 check bits.

3.1.2.1.6.4.6 L10Cd anomalous string Type 1 CRC. CRC (I2bgtd$9used in L1OCd Type 1 stringsnlist be
generated similarly to code (250,234) except for the number of bits delivered to the input (109 instead of 234).

3.1.2.1.6.4.7 L10Cd anomalous strings Type 2 CRC. CRC (3Was3%Bused in L10OCd Type 2 strings. The CRC
(375,351) generator polynomiaiust havethe following form:

GO0 =1+ X + X34 X4 4 X5+ X6 4 X7 4 x10 4 xLLy 314, 17, 518, 423 424

A 351bit data blocknustbeRSf A 3SNBR G2 (GKS Syéz RSNDa AyLlzi oadil NI
GAGK GKS onmaid oAG 27F GKS RI-hbitencodied BldciRustbedeneratddos Sy C
adding 24 check bits.

3.1.2.1.6.5 L30OC message characteristics

3.1.2.1.6.5.1 The L30Cd navigation messagst betransmitted at 100 bits/s. The messageist consisof 300
bit strings of 3second duration as well as of 20ihd 400bit anomalous strings of-2nd 4second duration,
respectively.

3.1.2.1.6.5.2 L30OCd strings structure. Each L30Cd nominahstshgonsisof 57-bit service fields, a 21Bit long

data field and 24it long CRC service field, as shown in FigeB& Bl ransmission of a strimgust startwith
bit 1 (the first bit of the preamble) and end with bit 300 (the last bit of CRC).
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3.1.2.1.6.5.3 L30OCd service fiehldgst beas shown in Table-BOB.

Table B19B. Parameters of L30Cd service fields

Field

MNumber
of bits

Least
significant
bat

Value range

Ut

Description

Preamble

20

00000100100101001 110

Constant time stamp

Type

6

0-63

Type of a current string

TS

15

0 — 28799

3s

Time stamp digits expressed in
J-second mtervals within a current

day in L30Cd ime.

0-63

ID number of a satellite that
transmits this navigation message.
SV D number 0™ 1s reserved, and
can only be enabled upon
termunation of combined use of
GLOMNASS CDMA and FDMA

slgnals.

healthy (“07) or unhealthy (*17)
navigation signal

vahdity (*0") or mvalidity (*17") of
the data transmitted in the current
string

Pl

Ground control call. This field 1s not used by user receivers.

P2

Attribute of SV orientation regime: 5V is Sun-pointing (*0"") or performs
noon/midnight tum manoeuvre (<1™)

KP

I

1

00, 01, 10, 11

Indication of the expected
UTC{SL) correction at the end of
current quarter on GMT. UTC(SLU)
corrections shall result in the
corresponding corrections of
L30OCd time:

00 — no correction planned;

01 — day length is increased by 1 s;
10 — correction decision is pending:
11 — day length is reduced by 1 s.

Indication of the expected L30OCd
signal time correction at the end of
the next string:

A =0 - no correction 15 planned.

A =1 — correction 1s planned.

The combination of A= 1 and KP =
11 in the current string denotes that
the next string will be a Type 1
anomalous string of | s duration.
The combination of A =1 and KP =
01 in the current string denotes that
the next string will be a Twype 2
anomalous string of 3 s duration.

CRC

Check bits of the cyclic code
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3.1.2.1.6.5.4 L30Cd anomalous strings. Anomalous strings beindicated by strings Types 1 and 2. Strings of

Type Imustbedza SR G2 AYRAOFIGS GKS fSIHLI aSO02yR O2NNBOlA2ya
by 1 s. Strings of Typenust consisbf 57-bit service fields, a 11Bit data field and a 24it CRC service field, as

shown in Figure BB. Strings of Typeriust beused to indicate the leap second corrections of L30Cd signal time
gKSY | RlI&Qa fSy3aidK A ye 2mis daBsistf S7TR20kt 8ervige figldd, af28BiNdatd I3 4 2
field and a 24it CRC service field as shown in Figu8CB

3.1.2.1.6.5.5 L30Cd nominal strings CRC. The CRC (300,276) generator potymstrhavethe following form:

gX) =1+ X + X3+ X ¥+ x5 4 x6 4 X7 4 x10 4 x11, 514, 517 | 18, 423, 524
A 276bit data blocknustbeRSf A 3SNBR (2 G(KS SyO2RSNNa AyLdzi oadl NI
GAGK GKS wmdpliK oAl 27F (KS Ribitiehcodedb®Ekiist degendiated by &ddigy O 2 R

24 check bits.

3.1.2.1.6.5.6 L30OCd anomalous string Type 1 CRC. CRC (200gt#®used in L30Cd Type 1 stringsnlist be
generated similarly to code (300,276) except for the number of bits delivered to the input (176 instead of 276).

3.1.2.1.6.5.7 L30Cd anomalous string Type 2 CRC. CRC (4008 1®used in L30Cd Type 2 stringsnlist be
generated similarly to code (300,276) except for the number of bits delivered to the input (376 instead of 276).

3.1.2.1.7 L10OC, L30C DATA CONTENT

Compliance nota Additional information concerning the data content is given in the GLONASS CDMA ICD
General Description; in the GLONASS CDMA ICD L1 band; and in the GLONASS CDMA ICD L3 band.

3.1.2.1.7.1 L10OCd navigation messapest containthe data in accordance with the list of string types shown in
Table B20A.

Compliance nota Additional information concerning the data content of the L10OCd service and data fields is
given in the GLONASS CDMA ICD L1 band.
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Table B20A. Types of L10Cd strings and their content

String type Content
10, 11,12 Immediate data (ephemeris, time, health flags, Fg Fr)
20 Almanac
25 Earth rotation parameters, ionospheric model parameters, UTC({5U) and international atomic
time (TAI) offset model parameters.
16 SV attitude parameters during noon/midnight turn manoeuvre
31,32 Long-term dynamic model parameters
50 International Satellite System for Search and Rescue (COSPAS—SARSAT) notices of receipt
60 Text messages
1] For technological tasks. Not used by user receivers.
1 Anomalous string used at the moment of leap second correction (-1 5)
2 Anomalous string used at the moment of leap second correction (+1 s)
Note: String Types 10, 11 and 12 compose a data packet; therefore, string Type 11 always follows string Type 10
and string Type 12 always follows string Type 11.

3.1.2.1.7.2 L30Cd navigation messapest containthe data in accordance with the list of string types shown in

Table B20B.

Compliance nota Additional information concerning the data content of the L30OCd service and data fields is

given in the GLONASS CDMA ICD L3 band

Table B20B. Types of L30Cd strings and their content

Stnng type Content
10,11, 12 Immediate data (ephemens, time, health flags, Fe. Fr)
20 Almanac
25 Earth rotation parameters, ionospheric model parameters, UTC{SU) and international atomic
time { TAl) offset model parameters.
16 SV attitude parameters during noon/midnight turmn manoeuvre
31,32 Long-term dynamic model parameters
6l Text messages
0 For technological tasks. Mot used by user receivers.
] Anomalous string used at the moment of leap second correction (-1 s)
2 Anomalous string used at the moment of leap second correction (+1 s5)
Note: String Types 10, 11 and 12 compose a data package; therefore, string Type 11 always follows string
Type 10 and string Type 12 always follows stning Type 11.
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3.1.2.1.7.3 Accuracy factor fields FE, FT. Fields FE amassFdontainequivalent pseudaange errors () related
to the ephemeris and clock of transmittisgtellite. Table 21C shows values of FE and FT and the corresponding

errors.

Table B21C. Ephemeris and time accuracy factors

FEg, Fr -15 =14 -13 -12 -11 -10 -9 -8 -7 - -5 -}
o, m 0.01 0.02 0.03 0.04 006 | 0.08 0.1 0.15 0.2 0.3 0.4 0.6
Fg, F; -3 -2 -1 ] 1 2 3 4 5 1] 7 8
o, m 0.7 0.8 0.9 1 2 2.5 5 7 10 12 14
F, Fr 9 10 11 12 13 14 15
G, m 16 32 64 128 256 512 not defined

3.1.2.1.7.4 The maximum interval of updating immediate data (string Types 10, 11 amdisi)e30 minutes.
Considering that various types of nanmediate data are updated at various intervals, the maximum update

interval for all noAimmediate datamust be48 hours.
Compliance notg Longterm dynamic model parameters enable the usage of immediate data to propagate the

orbit for a 4hour interval.
3.1.2.2 Definitions Of Protocols For Data Application

Compliance note This 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 nonaircraft and aircraft elements, and that define terms applied tdedmine the

navigation solution and its integrity.
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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 (posifions 1 to 8 m the string);
c1, €3, -.., €7, ¢z are the checksums generated using the following:

c1 =P D [Zi bilmoa-
i = 9 10,12, 13,15, 17, 19, 20, 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.

;=P 2P [Zbjlumcaz
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.

;=P 3D [Ty by Jomoaz
k = 10 11,12, 16,17, 18, 19,23, 24,2526, 31,32 33, 3438, 39, 40, 41, 46_ 47, 48 49, 54_55.
56.57. 62, 63. 64. 65, 69, 70, 71, 72. 77, 18, 79, 80, 85.

cs=P 41D [Z1 ilmear
1 = 13 14,15, 16, 17,18, 19, 27,28, 29,30, 31, 32, 33, 34_ 42, 43, 44, 45, 46, 47, 48, 49, 58, 59,
60, 61, 62, 63, 64, 65, 73, 74, 75, 76, 77, 78, 79, 80.

cs=P5 P [En b Jmoaz
m = 20,21 22, 23, 24 25 26, 27,28, 2930, 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.

c6=P6 D [Zabolumoar
n = 35, 36,37, 38,39 40, 41,42, 43 4445, 46, 47, 48 4950, 51, 52, 53, 54_ 55, 56, 57, 58, 59.
60,61, 62, 63, 64, 65

c7=P7 D [Z; bplucas
p = 66,6768, 69,70, 71,72, 73,74, 75, 76. 77, 78, 79, 80, 81, 82, 83, 84, 85.

cz=[Z P o] mea2 D [Z Bylmoa2
q = 1,2,3,4,5,6,7,8
T = 9,10, 611,12 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.

3.1.2.2.1 Parity checking algorithm for data verificatiorhe algorithm shown in TableZ2 and as detailed below
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.

3.12.2.1.1 Each string includes the 85 data bits where the 77 MSBs are data ghip(b Xo,2n), @nd the 8
LSBs are the check bits of Hamming code lengthicfid& X%,k 1).
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3.1.2.2.1.2 To correcthit errors within the string the following checksums are generated:gE  ¥,%&nd @
detect 2bit errors (or moreevenrnumberof-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 g0 | NB Sljdzr £ 2 an¢é
of the checksums (¢...,60 A & Sljdza fAaliSljdamé KZFRIDE D

b) If two or more of the checksumsy(c..,e0 | NB Slj dzk X & (2l deimté & 3 Ra ¢ >

G@é Ad O2NNBOGSR (G2 GKS 2LJ13aAdS OKFNIOGSNI
Gedé MG +8CY S LINR OGARSEK HRISG aA
g KSNBcs@Ecé Aada F 0AYENE ydzYo SN ISy §Mithis Belg FNB Y
the LSB and;being the MSB. K is the ordinal number of the most significant checksum not equal
02 ané¢o
If icor > 85, then there is an odd number of multiple errors, and the datist berejected.
c) If at least one of the checksumsy,(c.., 6) is equal tod m ¢ [AYER SJjdz- £ G2 G n¢é
checksums ¢¢..., 60 ' NB SljdziXa (02| deinfe ®RAziaé = GKSYy GKS

the datamust berejected.

3.1.2.2.2 Satellite Clock Correction Parameters

3.2.2.2.1 GLONASS system timmust bedetermined using FDMA data as:
toLonasT t + _n(to) € * n(ty) (€ to)

where &, _n(ty),  n(ts) are parameters described in12.1.3.1.

3.1.2.2.2.2 GLONASS system timest bedetermined using CDMA data as:

toronass = MOdgan0 [?;3;'{.;1_@«” +7’ (I )_ Ty / (fh Af ;’3 (fb ]

T,
T%_xrwmr” +7 (Ib)Jr . (ﬁ, )_f;, _ << stisignany, T T (f )+ T, > 26400

86400
1+7/(t,)-7.(1,)
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where

T¢r (signary, 1S the signal time of received signal from satellite j and

(), 7'(1), B (1), ©.(t), ©.(t,)are parameters transmitted in CDMA signals within string of
Types 10, 11 and 12 as shown in Table B-20A and Table B-20B.

3.1.2.2.23 GLONASSystemtime isoffsetto National Time Service of Russia (UTC(SU))tint be
determined using FDMA data:as
tUTC(SU) = tGLONASS & 03 hours 00 minutes

where

_cis a parameter described in13.2.1.3.4 and
03 hours 00 minutes is continuous time shift caused by difference between Moscow time and
Greenwich time.

3.1.2.2.2.4 GLONASS system time offset to UT@G{&t oedetermined using CDMA data as:

IUI'I‘."[.\'U i

Loronuss T T (8 )—t
fmﬂmmx+z;(%)_¢h_<<<10mms (h) h>>_86400

86400
1-7_(t,)

= nldemm [rfif.(J.\'.-J.\l\'

+7, (1,)+AL, -7, (1,)— 10800]

At, =

Where,

7.(t,), 7.(t, ) are parameters transmitted in CDMA signals within string of Types 10, 11 and 12 as shown
in Table B-20A and Table B-20B; and

10 800 seconds is the continuous time shift caused by the difference between Moscow time and
Greenwich time.
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3.1.2.2.3 Satellite Position

3.2.231 The current satellite centre of mass positionust bedefined using ephemeris parameters from
GLONASS navigation, as indicated in Taldlé ®r GLONASS FDMA signals, in Ta@l@ABfor
L10OC and in TableZ®B for L30OC.

31.2.2.3.2 Recalculation of ephemeris from instaittd instant § within the interval (Li| = [ti¢toy X MPp
minutes) is performed using a technique of numeric integration of differential equations
describing the motion of the satellites. In the righand parts of these equations the accelerations
are determined using the gravitational constamtand the second zonal harmonic of the
geopotential Zwhichdefines polar flattening of the earth, and accelerations duduta-solar
perturbation are taken into account. The equations are integrated in th8P@.2.5) coordinate
system by applying the Rungfaitta technique of fourth order, as indicated below:

dVy 3J2 na’ | 57° 2+ 20V
G e (et ey, R

2
Jh—=y(l-——]+ o’y -+20V, +§
r re ’ o

205



TECHNICAL STANDARDS
¥ Namibia Civil Aviation Authority (NAMCATS)
{ Safety Division
NCAA Part 171: ATENolume 1
where
r = /x%+y2+z2;
p = earth’s universal gravitational constant (398 600.4418 x 10° m*/s?);
a. = major semi-axis (6 378 136 m);
J%s = second zonal harmonic of the geopotential (1 082 625.75 x 10™%); and
o = earth’s rotation rate (7.2921151467 x 10~ radians/s).

| 22NRAY I (5S4 Eyoiloos é&yoilioosz Tyodoosz |yR @St 204
=Vz are initial conditions for the integration. Accelerations due tedalar perturbation X" n (tb), y' n
(tb), z' n (tb) are constant ahe integration interval £15 minutes.

OPMPH PHPo Po WSOIFTfOdzZA FGAZ2Y 2F SLIKSYSNRA GFNRUY M yha
hours) for CDMA signatsust beperformed as in 3.1.2.2.3.2, except that this model includes additional

accelerations modelled by a fourdegree polynomial to accommodate the extended interval as
described below:

dVy B 3 ,pal 52
dt pr s

=—=x—=J; l—r—2)+ m2x+2mV),+)'i+ax

dvy n 3 pal 522 ) R
m =—r—3y—5J5 =Y 1—1_—2 +oy-2oV,+y+a,

dv, n 3 zuag 52 .
a :—IEZ—EJD rs Z 3—1_—2 +Z+CIZ

Ay = Ay + Ay (E—tp) + ay,(t — tb)z + a5 (t — tb)3 + Ayt — tb)4
@y = AGyg + @y (£ — tp) + ayp(t — £5)% + aya(t — ) + @y, (t — £)*

Az = Dagy + Azt — tp) + az(t — tp) + aza(t — tp)% + azalt — tp)*
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Coordinates, velocity vector components at the time t,, and perturbing accelerations X,V,Z shall be
transmitted in CDMA signals within string of Types 10, 11 and 12. The long-term dynamic model
parameters for the fourth-degree polynomials, accelerations a,, @, and a,, shall be transmitted in CDMA
signals in strings of Types 31 and 32.

3.1.2.2.4 ALGORITHM FOR DETERMINATION OF SATELLITE ANTENNA PHASE CENTRE POSITION

3.1.2.2.4.1 For higprecision pseudgange measurements, an algorithm for computing antenna phase
centre position in the RB0 coordinate system based on the satellite centre of mass position and data
transmitted in CDMA signals within string Typenlést beused.

Compliance notg Additional information concerning a suitable algorithm is given in Appendix R of the
GLONASS CDMA ICD General Description.

3.1.2.2.5 IONOSPHERIC CORRECTION

3.1.2.2.5.1 The ionospheric correction for a siFigbgjuency receivemust bedefined as:

- for pseudo-ranges, m: ASijon = 0.40364- j:

2 2

1
- for velocities, m/s: AV oy = 0-40364*?‘2 ,

where
f is the signal carrier frequency, in GHz;

I, is the total electron content (TEC) integrated along the signal propagation path, 1x10'° m™ ; and

I . is the rate of change of TEC integrated along the signal propagation path, 1x10' m?s.

Compliance nota Additional information concerning two suitable algorithms for computing TEC
integrated along the signal propagation path based on data transmitted within strings of Type 25 is given
in Appendix Q of the GLONASS CDMA ICD General Description. Thyofitehals a universal algorithm

for terrestrial and space users. It is more complex, accurate, and has wider application. The second
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algorithm is intended for terrestrial users only. It is easier to implement but it results in larger errors of
TEC at less than 30° elevation angles. Residual ionosphere correction errors of the second algorithm do
not exceed 4 m (0.95 probability).

3.1.2.3 Aircraft Elements

3.1.2.3.1 GNSS (GLONARE&geiver

3.1.2.3.1.1 Reserved

3.1.2.3.1.2 Satellite trackingThe receivemust providethe capability to continuously track a minimum of four
satellites and generate a position solution based upon those measurements.

3.1.2.3.1.3 Doppler shiftThe receivemust beable to compensate for dynamic Doppler shift effects on nominal
GLONASS signal carrier phase and standard code measurements. The negsivampensate
for the Doppler shift that is unique to the anticipated application.

3.1.2.3.1.4 Resistance to interferenc&he receivemust meetthe requirements for resistance to interference
as specified in 3.7.

3.1.2.3.1.4.1 Intrasystem interferenc&Vhen receiving m FDMAnavigation signal with frequency channel k = n,
the interference created by a navigation signal with frequency channel numbergd=on k = n
+ 1must not bemore than¢48 dBc with respect to the minimum specified satellite power at the
surface of the earth provided that the satellites transmitting these signals are simultaneously
t20FGSR Ay dzaSNNa GArAaroArAtAde T2ySo

Compliance note The intrasystem interference is the intercorrelation properties of the ranging
pseuderandom signal with regard to frequency division multiple access.

3.1.2.3.1.4.2 For CDMA signals, multiple access interfemnst bedefined by the intercorrelation properties

of ranging codes and will depend on the number of elementary symbols N in the periods of these codes. Multiple
access interference power in relation to the power of the L10Cd signsat not exceedthe level of-30 dB.
Multiple access interference power in relation to the power of the L1OCp sigmstinot exceedhe level of-

36 dB. Multiple access interference power in relation to the poweheflt30C signatustnot exceedhe level

of -40 dB.
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3.1.2.3.1.5 Application of clock and ephemeris dafthe receivemust ensurethat it is using the correct
ephemeris and clock data before providing any position solution.

3.1.2.3.1.6 Leap second correctiodpon GLONASS time leap second correction (4de2 B.3.1, t) the GLONASS
receivermust becapable of:

a) generating a smooth and valid series of pseuidnge measurements; and
b) resynchronizing the data string time mark without loss of signal tracking.

3.12.3.1.6.1 After GLONASS time leap second correction the GLONASS macstindize the UTC time 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 hours 00
minutes 00 seconds UTC).

Compliance note Additional information concerning the specific aspects of receiver operation during scheduled
corrections of GLONASS time and Moscow time in the specified situations is given in Appendix E of the GLONASS
CDMA ICD General Description.

3124 Time

3.12.4.1 For the GLONABSsatellites, the navigation messageust containthe data necessary to relate
UTC(SU) time to UT1. GLONASS timast bemaintained 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 containthe requisite data to relate GLONASS time to UTC time (as
maintained by the National Time Service of Russia, UTC (SU)) within 1 microsecond.

Compliance noté.t The timescales 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 uploaded to
the satellites twice per day.

Compliance not@.1 There is no integesecond difference between GLONASS time and UTC time.

The GLONASS timescale is periodically corrected to integer number of seconds simultaneously with
¢/ O2NNBOUIA2Yya 6KAOK | NB LISNF 2 NI SR nokifica@od NR A 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 changesgosition (in a continuous timescale) to
become synchronized with-s&cond epochs of corrected UTC timescale. GLONASS users are
notified in advance on these planned corrections. For the GLGWMAS®Ilites, notification of

these corrections is provided users via the navigation message parameter KP.

3.1.2.4.2 Accuracy of mutual satellite timescales synchronizatigt be20 nanoseconds (1 sigma) for GLONASS
satellites and 8 nanoseconds (1 sigma) for GLOINASSEellites.

3.12.4.3 The correction to GPS time relative to GLONASS time (or difference between these timescales)
broadcast by the GLONABSsatellites,_cps mustnot exceed30 nanoseconds (1 sigma).

Compliance note The accuracy okpg30 ns) is determined with reference to the GPS SPS coarse
acquisition signal and may be refined upon completion of trials of the GLONASS system using
GLONASH satellites.

3.1.2.4.4 Signal timmust begenerated and maintained by anmward clock based on atomic frequency
standard,must besynchronized with GLONASS time st bedistributed in radio navigation signals.

Compliance noté.t Signal time differs from shoard clock time by the group delay value. Thus signal time
corrections in string Types 10, 11 and 12 include group delay values.

Compliance not@.1 Additional information concerning signal time is given in the GLONASS CDMA ICD General
Description.

3.1.2.4.4.1 Navigation data for any GLONASS CDMA sigsatontairthe estimated parameters of the

polynomial model for relating signal time broadcast in this signal to GLONASS time as well as for relating a pilot
component of this signal to its data component.
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3.1.2.4.4.2 When GLONASS time is corrected for £1 s during scheduled leap second corrections of UTC(SU),
simultaneous correction of signal time for all satellitesst becarried out through changing the time stamps of
the pulse sequence representing seconds.

Compliance note Navigation data provides advance notifications to users of the day and the sign of the
correction.

3.1.2.5 Coordinate System

3.2.5.1 PZ90 (Parameters of common terrestrial ellipsoid and gravitational field of the earth TH8OILONASS
broadcast ephemerisustdescribe gosition of transmitting antenna phase centre of a given satellite in the PZ
90 earthcentred earthfixed reference frame.

3.1.2.5.2 Conversion Betweef?Z90 and WG S84

3.12.5.21 Recommendatiort The following conversion parameters should be used to obtain position
coordinates in WG84 (version G1674) from position coordinates if®@®ZVersion RZ0.11):

X 1 0.0097 x 107 0.2036 x 107°] [X 0.003
Y =1-0.0097 x 107° 1 0.0921 x 107°| X |V +10.001
Zlwes ga 1-0.2036x 107° 0.0921 x 107° 1 Zlpz_a0 0

Compliance noté.t X, Y and Z are expressed in metres. The difference between versioB4 WGS
(G1674) and RZ0 (P20.11) is not significant with respect to operational requirements.

Compliance not@.1 Guidance material on conversion betweerI®zAnd WGS4 is provided in
Attachment D, section 42.9.3.

3.1.3 Galileo Open Service (Galileo OS)

3.1.3.1. NOMIRCRAFT ELEMENTS

3.1.3.1.1 GALILEO RF CHARACTERISTICS

3.1.3.1.1.1 E1 and E5 common requirements
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3.1.3.1.1.1.1 Carrier phase noise. The carrier phase noise spectral density of the unmodulated carrier
on E5 and Efnhust besuch that a secondrder phase locked loop of 10 Hz esided noise bandwidth is
able to track the carrier to an accuracy of 0.04 radian root mean square (RMS).

3.1.3.1.1.1.2 Spurious emissionsbbBnd spurious emissiomsust beat least 35 dB below the
unmodulated E1 and E5 carriers over the allocated channel bandwidth.

3.1.3.1.1.1.3 Correlation loss. The loss in the recovered signal power due to imperfections in the signal
modulation and waveform distortiomustnot exceed).6 dB for each signal (E1, E5a and E5b).

Compliance note The loss in signal power is the difference between the broadcast power in the
specified bandwidth and the signal power recovered by a Aftess lossfree receiver with ichip
correlator spacing and the same bandwidth.

3.1.3.1.1.1.4 Code/data coherence. The edge of each data symlsblbealigned with the edge of the
corresponding ranging code chip. The start of the periodic rangingroodée bealigned with the start of
a data symbol. The edge of each secondary coderohit bealigned with the edge of a primary code
chip. The start of a primary code chipust bealigned with the start of a secondary code chip.

3.1.3.1.1.2 E1 RF characteristics

3.1.3.1.1.2.1 E1 signal components. The E1 signsicomprise two signal components: 4B1
navigation data component with a navigation data symbol rate of 250 symbols per second-@nuil&tl
component.

3.1.3.1.1.2.2 E1 signal power split. The E1 signal powistbe equally split between the B8 and EAC
signal components.

3.1.3.1.1.2.3 EB ranging code (CH).The E1B ranging codenustbe a 1.023 megachips per second
ranging code repeated every 4 milliseconds, derived from a primary ranging code of 4 092 chips.

Compliance notg Additional information concerning the EBL.ranging codes is given in Galileo OS SIS
ICD, Chaptet71.05.13 and Annex C.

3.1.3.1.1.2.4 EC ranging code (CEJ).The EiC ranging codmustbe a 1.023 megachips per second
ranging code repeated every 100 milliseconds, derived from the Me2lalddition of a primary ranging
code of 4 092 chips and a secondary code of 25 chips.
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Compliance notg Additional information concerning the Kl ranging codes is given in Galileo OS SIS
ICD, Chaptet71.05.13 and Annex C.

3.1.3.1.1.2.5 EB data component generatiofhe E1B data componenmust be generated
from the E1 navigation data streatPe18) and the EB ranging code(e1.8), modulated with
two in-phaseCBOC subcarrier®f 1.023MHz and 6.138VIHz, respectivelyasshownin Figure
GAL-1.

Compliance nota The subcarrieffree component of the E1 navigation data compodetitat is,
before CBOGnodulationd is denoted asggs. Additional information concerning=gs generation is
given inGalileo OSSIS ICD, 2.3.3.

3.1.3.1.1.2.6 EL pilot component generatiohe EAC pilot componenmustbe generated from the
E1C ranging code (CEX) modulated with two angphase CBOC subcarriers of 1.023 MHz and 6.138
MHz, respectively, as shownhigure GAIlL

Compliance note The subcarriefree component of the E1 pilot component that is, before CBOC
modulation
is denoted as eEC. Additional information concerning eElgeneration is given in Galileo OS

SIS ICD,

3.1.3.1.1.1.1 3.1.3.1.1.2.7 E1 signal modulatidrhe E1B/C composite binary signadust be
generated from the CBOC modulation of the binary signal componentsB efati eELC, and the
subcarriers, as illustrated in Figure GIAL

Compliance note Additional information concerning EB/C generation is given in Galileo OS SIS ICD,
2.3.3.
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Figure GAil. Modulation scheme for the E1 CB®ignal
3.1.3.1.1.3 E5a and E5b RF characteristics

3.1.3.1.1.3.1 Eb5a signal components. The Eb5a sigstlcompriséwo signal components: EHanavigation data
component with a navigation data symbol rate of 50 symbols per second an@ Bbat component.

3.1.3.1.1.3.2 E5a signal power split. The E5a signal powstrbeequally split between the ESeand E5&0Q
components.

3.1.3.1.1.3.3 E5hranging code (CESa The E5d ranging code sequencesust bea 10.230 megachips per
second ranging code repeated every 20 milliseconds, derived from the M@dadalition of a primary ranging
code of 10 230 chips and a secondary code of 20 chips.

Compliance notg Additional information concerning ESaanging codes is given in Galileo OS SIS ICD, Chapter
171.05.13 and Annex C.

3.1.3.1.1.3.4 E5@ ranging code gexo). The E5&) ranging codenust bea 10.230 megachips per second
ranging code repeated every 100 milliseconds, derived from the Me2lalddition of a primary ranging code of
10 230 chips and a secondary code of 100 chips.

Compliance note Additional information concerning ESa ranging codes is given in Galileo OS SIS ICD,
Chapterl71.05.13 and Annex C.

3.1.3.1.1.3.5 E5hdata component generatiofhe E5a data componentust begenerated from the E5a

navigation data stream (DE®pand the E5& ranging code (CESa
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Compliance nota The subcarriefree component of the E5a navigation data componenthat is, before
AltBOC modulation is denoted as eESha

3.1.3.1.1.3.6 E5@ pilot component generation. The E5a pilot componeutst begenerated from the E5
ranging code (CES3).

Compliance nota The subcarriefree component of the E5a pilot componentthat is, before AitBOC
modulationt is denoted as eE5Q.

3.1.3.1.1.3.7 E5b signal components. The E5b sigasi compriséwo signal components: ESmavigation data
component with a navigation data symbol rate of 250 symbols per second an@ BBt component.

3.1.3.1.1.3.8 E5b signal power split. The E5b signal powst beequally split between the E5band E5HQ
components.

3.1.3.1.1.3.9 E5branging code (CESh The E5H ranging codenust bea 10.230 megachips per second ranging
code repeated every 4 milliseconds, derived from the Modukddition of a primary ranging code of 10 230
chips and a secondary code of 4 chips.

Compliance notg Additional information concerning E8lranging codes is given in Galileo OS SIS ICD, Chapter
171.05.13 and Annex C.

3.1.3.1.1.3.10 E50 Ranging code (CERl).The E5H) ranging codenust bea 10.230 megachips per second
ranging code repeated every 100 milliseconds, derived from the Me2lalddition of a primary ranging code of

10 230 chips and a secondary code of 100 chips.

Compliance nota Additional information concerning ESD ranging codes is given in Galileo OS SIS ICD,
Chapterl71.05.13 and Annex C.

3.1.3.1.1.3.11 E5bdata component generatioi.he E5b data componentust begenerated from the E5b
navigation data stream (DESpand the ranging code (CEBb

Compliance nota The subcarriefree component of the E5b navigation data componenthat is, before
AltBOC modulation is denoted as eE5b
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3.1.3.1.1.3.12 E5R pilot component generation. The E5b pilot componenist begenerated from the ranging

code (CE5Q).

Compliance nota The subcarriefree component of the E5b pilot componentthat is, before AitBOC

modulationT is denoted as eE5Q.

3.1.3.1.1.3.13 E5 signal modulation. The wideband E5 sigretibegenerated with the AlitBOC modulation of
side-band subcarrier of 15.345 MHz (15 x 1.023 MHz) with the binary signal components eE5aQ, eE5H

and eE5HQ, as illustrated in Figure GAL

Compliance notd.1 E5a and E5b signals can be processed independently by the user receiver as though they
were two separate QPSK signals with a carrier frequency of 1176.45 MHz and 1207.14 MHz, respectively.

Compliance not@.1 Additional information concerning E5 generation is given in Galileo OS SIS ICD, 2.3.1.

CEjn-I—"‘®—F

? €Esa-1
Dy
Crsq o

€E5a-0

Crsps—»
€Esp-I

Dgspq
L —
€gsh-0

AIBOC
MUX

= Sg5

Figure GAL2. Modulationscheme for the E5 AItBOC signal

3.1.3.1.1.4 Code assignments to satellites

3.1.3.1.1.4.1 Primary ranging code assignment to satellites. The E5aQ, E1B and EAC primary code
number nmust beallocated to the space vehicle IDs (SVID) number n (with n=1 to 36).
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3.1.3.1.1.4.2 Secondary ranging code assignment to satellites. TH@ &&@ndary codmust beassigned
according to the SVID number n (with n=1 to 36).-Efad EIC secondary codesust beconstant regardless of
the SVID.

3.1.3.1.2 DATA STRUCTURE

Compliance notg Additional information concerning the data structure is given in Galileo OS SIS ICD.

3.1.3.1.2.1 Ebamessage (F/NAV) characteristics

3.1.3.1.2.1.1 The E8anessagenust betransmitted as a sequence of frames as indicated in Figure3GHRhe
period of each framenust be600 seconds. Each framust consisbf 12 subframes of period 50 seconds per
subframe. Each subfranmeust consisof five pages of period 10 seconds per page.

F/NAV MESSAGE
‘ | Frame (600 seconds)
= 12 subframes

\L Subframe (50 seconds)
= 5 pages

\_|—> Page (10 seconds)

Figure GAB. F/NAV message structure

3.1.3.1.2.1.2 Page structurgach page structunaust containthe following elements structured as indicated in
Table GAl1:

W MH a@8YOKNRBYAITFGAZY
w nyy AYUSNISI@SR YSa

(@]
— ~
v O
—0
—h Qx
No
~h
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Table GALL. F/NAV page layout

Synec. F/NAV symbols Total (symbols)
12 488 500
F/NAV word (bits) Tail (bits) Total (bits)
Page type Nav. data CRC
6 208 24 6 244

3.1.3.1.2.1.3 Synchronization block. The first element of each pageébea 12symbol synchronization
sequence. The synchronization sequenugstbed MaMmMAaMMMannné @AGK GKSnust{ .

be added to the beginning of the 488 interleaved message block symbols field after the interleaving procedure

described

in paragraph 3.1.3.1.2.1.6.

3.1.3.1.2.1.4 F/INAV message word. The message mvasd contain244 bits consisting of alfit page type, a
208-bit data field, a 24it CRC and albit tail field. The @it tail fieldmustbeda nnnnnné€ o

Compliance note Additional information concerning the message words is given in Galileo OS SIS ICD.

3.1.3.1.2.1.5 F/NAV FEC encoding. ThbiRper-second data streammust beencoded at a rate of two symbols
per bit using a convolution code with a constraint length of seven to yield 50 symbols per second. The

convolution encoder logic arrangememiust beas illustrated in Figure GAlLwith the G1 output selected for the

G NJ

first half of each 4nillisecond data bit period resulting in 488 symbols per page where Sl is the first symbol and
S488 is the last symbol.

D D D Gl
i 5 y b 3 W I
Input > ¢! q" q' » g q » g’ }— :\‘ -
Y \ b J e
Ve s N, e n S N
%", o " """

Figure GA#4. F/NAV convolutional encoding scheme

218



TECHNICAL STANDARDS
W Namibia Civil Aviation Authority (NAMCATYS)
K Safety Division

NCAA Part 171: ATENolume 1

NAMIBLA CIVIL AVIATION AUTHORITY

3.1.3.1.2.1.6 E54interleaving procedure. The Ebmessage block symbataust beinterleaved using a 61

column, 8row matrix, where each entry is one symbol. The message block symbstdewritten into each
column and ordered for transmission, row by row, starting at the upper left corner of the matrix as indicated in
Table GAL2.

Table GAI2. E5al interleaver matrix

Columns—
Rows C] Cz C3 . Cﬁ(] Cﬁl
l
R St | So | Si7 | ... | Sarz | Sas
R> So | Sio | Sig | ... | Saza | Saxz
R3 Sz | St | Sio | ... | Sa75 | Sass
R7 S7 | Sis | Saz | ... | Sa79 | Sagy
Rg Sg | Si6 | Saa | ... | Sago | Sass

3.1.3.1.2.2 EB message (I/NAV) characteristics 3.1.3.1.2.2.1 THelBéssagenust betransmitted as a

sequence of frames as indicated in Figure -GAThe period of each frammaust be720 seconds. Each frame

must consisbf 24 subframes of period 30 seconds per subframe. Each subframe consist of 15 nominal pages of
period 2 seconds per page. Each pagest consisbf two subpages each of period one second.

Compliance notd.1 The two subpages in a page are known as the even page and the odd page.

Compliance not@.1 I/NAV message structure is indicated in Figure-6AL
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I/NAV
MESSAGE

I : Frame (720 seconds)
= 24 subframes
‘ | : Subframe (30 seconds)
= 15 pages
_L> Nominal page (2 seconds)

Figure GAI5. I/NAV message structure

3.1.3.1.2.2.2 Page typ&heremust betwo types of pages, a nhominal page and an alert page. The nominal page
must containthe nominal data word.

Compliance nota The alert page is reserved for future applications.

3.1.3.1.2.2.3 Nominal page. A nominal pagest consisof two parts (even and odd) transmitted sequentially
over the same frequency and structured as indicated in TabledGAhe nominal pageust contain240 bits so
that the first 120 bitanust bein the even nominal subpage, and the second 120rhiist bein the odd nominal

subpage.

3.1.3.1.2.2.4 Nominal data word. The nominalEEdata wordnmust containl28 bits consisting of alait word
type and a 12:it data field.

3.1.3.1.2.2.5 Subpage structure. Each subpage struotust containthe following elements, structured as
indicated in Table GAZ:

a) 10 synchronization block symbols; and
b) 240 interleaved message block symbols.
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Table GA13. I/NAV subpage layout

Syne. I/NAYV subpage (even or odd) symbols Total (symbols)
10 240 250
I/NAV subpage (even or odd) bits Tail (bits) Total (bits)
114 6 120

3.1.3.1.2.2.6 Synchronization block. The first element of each sulmpagkbea 13symbol synchronization

sequence. The synchronization sequenugstbed nMmamMMmnnnnné s> gAGK GK®Bustbg . NIy
added to the beginning of the 240 interleaved message block symbols field after the interleaving procedure
described in paragraph 3.1.3.1.2.2.10.

3.1.3.1.2.2.7 Even subpage. The even subpagg containa bit denoting which part (even or odd) of the
subpage is being transmitted, a type bit to indicate that this is a nominal page, the first 112 bits of the nominal
data word and a it tall field, as indicated in Table GALThe tail fieldnustbed n nnnnné¢ @

3.1.3.1.2.2.8 Odd subpage. The odd subpagst containa bit denoting which part (even or odd) of the

subpage is being transmitted, a type bit to indicate that this is a nominal page, the last 16 bits of the nominal
dataword,a4® A G GNBASNIBSR mM¢é¢ FTASERI HH -bithspae fiel,2RDIBECRE,NOK |
an80 A U & NB a S NI S-Bit tail field, Bshirtlitaied in VaBle GALThe tail fieldnustbeda nnnnnné @

Compliance nota Galileo provides enhanced distress localization and call features for the provision of a SAR
service interoperable with the COSPBSRSAT system. Galileo SAR service is out of the stbjEeMAMCAT.S

Table GA#4. I/NAV nominal page with bits allocation

| El-B |
Data
Even/odd=1 Pagi word Reserved SAR | Spare | CRC Reserved Tail thal
Type=0 1 2 (bits)
(2/2)
1 1 16 40 22 2 24 8 6 120
- Page . Total
Even/odd=0 Type=0 Data word (1/2) Tail (bits)
1 1 112 6 120
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Compliance notd.t Even/odd field (1 bit) indicates the part of the page (0O=even/1=0dd) that is broadcast.

Compliance not.1 Page type field (1 bit) equal to 0 indicates the nominal page @pepliance not&.t

Data field consists of a nominal data word (described in 3.1.3.1.2.2.4) of 128 bits (comprising 112 bits of data

(1/2) and 16 bits of data (2/2)).

3.1.3.1.2.2.9 I/INAV FEC encoding. Theldi#per-second data in the even and odd subpagesst beencoded

at a rate of two symbols per bit using a convolutional code with a constraint length of seven to yield 250 symbols

per second. The convolutional encoder logic arrangemaunst beas illustrated in Figure GALwith the G1

output selected for the first half of eachr8illisecond data bit period resulting in 240 symbols per page, where

S1is the first symbol and S240 is the last symbol.

P—P P P
h A E ]
| i 1 | I ] 2-
Input——>{ ¢ q q q q q }—. —e
* Qutput
BN g .
" U U o™ " e B!

Figure GAI6. Convolutional encoding scheme

3.1.3.1.2.2.10 EB interleaving procedure. The dBlmessage block symbaisist beinterleaved using a 30
column by an eightow matrix, where each entry is one symbol. The message block symbstdbewritten

into each column and ordered for transmission row by row starting at the upper left corner of the matrix, as

indicated in Table GAL
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Table GAI5. E1B interleaver matrix

Columns—
Rows C[ Cz C3 cee C29 C_v,()
!
R, St | So | S17| ... | Sz225 | S233
R> S2 | Sio | Sig | ... | Sa26 | Sa3a
R; S3 | Sit | Sio | ... | S227 | Sass
R7 S7 | Si5 | Sz3 | ... | S231 | Saz9
Rg Sg | Sie | Sa2a | ... | S232 | Saa0

3.1.3.1.2.2.11 Transmission sequence of nominal pages on E1. Thempagjdsetransmitted on E1B such that
the even subpage of any wordust betransmitted before the odd subpage of the same word.

3.1.3.1.3 DATA CONTENT

Compliance nota Additional information concerning Galileo OS navigation data content and parameters is
given in Galileo OS SIS ICD, Chapters 4 and 5.

3.1.3.1.3.1 The contents of F/NAV H5mge typesnust beaccording to Table GAL

Compliance notd.1 The odd numbered subframes contain page type 5 and the even numbered subframes
contain page type 6. This allows transmission of the almanacs for three satellites within two successive
subframes (100 seconds).

Compliancenot®t ¢ KS LI NF YSGSNI {1 Aa F RSaAIyFd2NI F2NJ aal G4S¢
YydzYoSNI véx SiO0d LG A& y20 F yr@A3alraAraz2y REFEGEF LI NI YSQ
frame layout (12 subframes) can transmit thkenanacs for 18 satellites, sequenced as indicated in Galileo OS SIS
ICD, 4.2.3.
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Compliance not&.1 Additional information concerning the bit allocation of the different F/NAV page types is
given in Galileo OS SIS ICD, 4.2.4.

Table GAI6. F/INAV E54 page types content

Page type Page content
0Odd 1 [ODnav, SVID, clock correction, SIS accuracy index (SISA), ionospheric correction,
subframe broadcast group delay (BGD), signal health status (SHS), Galileo system time (GST) and
data validity status (DVS)
2 IODnav, ephemeris (1/3) and GST
3 IODnav, ephemeris (2/3) and GST
4 IODnav, ephemeris (3/3), GST-UTC conversion, GST-GPS conversion and time-of-week
(TOW)
5 IODa, almanac week number, almanac reference time, almanac for satellite k+3(n-1)/2 and

almanac for satellite (k+1)+3(n-1)/2 part 1; where n is the number of the subframe

[ODnav, SVID, clock correction, SISA, ionospheric correction, BGD, SHS, GST and DVS
IODnav, ephemeris (1/3) and GST

IODnav, ephemeris (2/3) and GST

IODnav, ephemeris (3/3), GST-UTC conversion, GST-GPS conversion and TOW

IODa, almanac for satellite (k+1)+3(n-2)/2 part 2 and almanac for satellite (k+2)+3(n-2)/2;
where n is the number of the subframe

Even
subframe

o Y S

3.1.3.1.3.2 The contents of I/NAV-Blword typesnust beaccording to Table GAL

Compliance notd.1 Additional information concerning I/NAV nominal subframe layout is given in Galileo OS
SIS ICD, 4.3.3.

Compliancenote 2.1 The parameter k changes every two subframes (i.e. subframes 1 and 2 have the same Kk,
subframes 3 and 4 have the next, etc.). The complete I/NAV frame layout (24 subframes) can transmit the

almanacs for 36 satellites, sequenced as indicated in G&I&8IS ICD, 4.3.4.

Compliance not&.1 Additional information concerning the bit allocations of the different I/NAV word types is
given in Galileo OS SIS ICD, 4.3.5.
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Table GA7. I/NAV E1B word types content

Word type Word content
0 Spare word
1 IODnav and ephemeris (1/4)
2 IODnav and ephemeris (2/4)
3 IODnav and ephemeris (3/4)
4 [ODnav, SVID, ephemeris (4/4) and clock correction
5 Ionospheric correction, BGD, SHS, GST and DVS
6 GST-UTC conversion and TOW
7 IODa, almanac for satellite k (part 1), almanac reference time and almanac reference

week number

8 IODa, almanac for satellite k (part 2) and satellite k+1 (part 1)

9 IODa, almanac reference time, almanac reference week number, almanac for satellite
k+1 (part 2) and satellite k+2 (part 1)

10 IODa, almanac for satellite k+2 (part 2) and GST-GPS conversion parameters

3.1.3.1.3.3 Ephemeris parametaraist beprovided in both I/NAV and F/NAV messages transmitted by each
Galileo satellite. A single ephememisist beapplicable to all signals of a specific satellite.

Compliance nota The ephemeris is computed with respect to the antenna apparent phase centre common to
every frequency.

3.1.3.1.3.4 The Galileo OS SIS statust takeone of the following three values:

w {L{ aKSIflGKeéyYy GKS {L{ A& SELSOGSR G2 YSSiG G4KS YA
w {L{ ddzyKSIfliKeé¢yYy GKS {L{ A& 2dzi 2F aSNBAOS 2N dzyR
w {L{ aGYFINBAYIféY GKS {L{ A& Ay ySAGKSNI 2F GKS (g2

3.1.3.1.3.4.1 The status of the &8st beencoded within the navigation message through three SIS status flags:
the signal health status (SHS) flag, the data validity status (DVS) flag and the SIS accuracy index (SISA).

Compliance nota Additional information concerning the position of the Galileo SIS status flags within the
navigation message is given in Galileo OS SIS ICD, 5.1.9.3 and 5.1.12.
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3.1.3.1.3.4.2 SISA. The Sifst beencoded as shown in Table G&L

Table GAI8. SISA index

SISA SIS accuracy value (m)
0 to 49 0 m to 0.49 m with 1 cm resolution
50 to 74 0.50 m to 0.98 m with 2 cm resolution
75 to 99 1.00 m to 1.96 m with 4 cm resolution
100 to 125 2.00 m to 6.00 m with 16 cm resolution
126 to 254 Spare

255 No Accuracy Prediction Available (NAPA)

3.1.3.1.3.4.3 SISAwust becoded as shown in Table GAL

Table GAI9. SISA parameters

Parameter Definition BITS Scale factor Units
SISA (E1, E5a) SIS accuracy index for dual-frequency E1-E5a 8 N/A Dimensionless
SISA (E1, E5b) SIS accuracy index for dual-frequency E1-ESb 8 N/A Dimensionless

3.1.3.1.3.4.4 Signal health status (SHS). The SHSmd¢Yeencoded according to the values stated in Table
GAL10.
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Table GALLO. Signal health status index

SHS index Signal status definition
0 Signal OK
1 Signal out of service
2 Signal will be out of service
3 Signal in test mode

3.1.3.1.3.4.5 Data validity status (DVS). The DVS indekbeencoded according to the values in Table GAL

Table GALL1. Data validity status index

Data VE.ihdlty Signal status definition
status index
0 Navigation data valid (NDV)
1 Working without guarantee (WWG)

3.1.3.1.3.4.6 The mapping between the values of the SIS statusrflEideas presented in Table GAR.

Table GALL2. Galileo OS SIS status vs SIS status flags

S z:;‘;:;; SIS flags
SHS DVS SISA
Healthy NO Ok NDV Not NAPA
NO Out of service Any value Any value
Unhealthy | NO In test Any value Any value
YES N/A N/A N/A
NO Ok WWG Any value
Marginal | NO Ok Any value NAPA
NO Will be out of service Any value Any value

Compliance notg Additional information concerning Galileo flags is given in the European GNSS (Galileo) Open
{ SNIBAOS 5STFAYAGAZ2Y 520dzyYSyii oL&a&adzS mdm0X RIFIGSR al @

3.1.3.1.3.5 Almanac. F/NAV and I/NAV messagest containthe almanac data for a constellation of up to 36

satellites. The almanac dataust bea reducedprecision subset of the clock and ephemeris parameters of the
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active Galileo satellites in orbit. Also, a predicted satellite health statust beprovided for each of these
arGSttAGSaY IAGAYI AYRAOFGA2ya 2y GKS alraSttAadsSqa

3.1.3.1.3.6 Dummy messages. If no valid F/NAV or I/NAV data can be transmitted, then the saistlite
transmita dummy page with a message ID of 63 in the respective F/NAV or I/NAV signals.

Compliance nota Additional information concerning the dummy page is given in Galileo OS SIS ICD, 4.2.5 and
4.3.6.

3.1.3.1.3.7 Issue of data (IOD). The Galileo satallitet broadcasthe navigation parameters in data sets. Every
set of navigation data broadcast by a Galileo satatfitest beidentified by an 10D value.

Compliance nota Two independent I0Ds are defined for the ephemeris, satellite clock correction parameters
YR {L{! o0aLh5ylI@é0 YR GKS IfYlFIylFrO&a O0aGLh5F&0®

3.1.3.1.3.7.1 The 10Dnav value broadcast by a Galileo satellite in a set of navigation data (ephemeris and clock

corrections)must beunique with respect to any other IODnav broadcast by the same Galileo satellite in the
previous 240 minutes.

3.1.3.1.3.8 Navigation data validity time. In nominal operations, each navigation message daatsisbé
superseded before its expiration at four hours by the broadcast of a new navigation message data set.

Compliance nota The nominal period of ephemeris and clock corrections update ranges from 10 minutes to
three hours.

3.1.3.1.3.9 Galileo time of week (TOW). The Ti@\W8tcover an entire week from 0 to 604 799 seconds and
must bereset to zero at the end of each week.

Compliance nota The TOW is defined as the number of seconds that have occurred since the transition from
the previous week.

3.1.3.1.3.10 Galileo week number (WN). The MMt consisof 12 bits, which covers 4 096 weeks. The counter
must bereset to zero to cover an additional period Modulo 4 096.
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Compliance nota The WN is an integer counter that gives the sequential week number from the GST start

epoch.

3.1.3.2 DEFINITIONS OF PROTOCOLS FOR DATA APPLICATION

3.1.3.2.1 Parity check algorithm. For the F/NAV and the I/NAV data, a CRC oh24sbit@generated from the

following generator polynomial G(X):

Q) = (1 + )O(R)

where

O(Q) = 63+ G7 + (3+ G2+ QL + 6P + B+ QY+ GP+ (B + 1

Compliance note The CRC code is calculated in accordance with section 3.9

of this Appendix.

3.1.3.2.1.1 The F/NAV CRC information field, M}t becomputed using the

eguation:

214

0 ((JL)) = Bd"éﬁpfn: dld)213+ ('12(1)2124' E + ('1213(’1:)"' d214

1

3.1.3.2.1.2 The I/NAV nominal page CRC information field, M(s},becomputed using the equation:

_ vii3 194—i 81 81-i _ 193 192 82 81
MX) = X1 " meiq1X + 23 My X =M X 77+ M X 7+t My 113X+ M 114X +

My X80 + My X77 + .+ myg X +Mygo

M(x) must beformed from the even (e)/odd (0) fields, page type fields, data word fields (1/2 and 2/2), reserved 1

field, SAR (on ER only) and spare fields. In nominal mode the @REt becomputed for the even and odd

subpages of the same frequency amdstalways be broadcast in the odd subpage. 76 3.1.3.2.2 Satellite clock
correction parameters. The predicted offset of the physical satellite signal time of transmission (TOT) relative to
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the satellite signal TOT in GRUist becomputed for the dualfrequency signal combination using the following

formula;

where

1 (X)=(f1,f2) is the dudtequency combination f1 and f2 used for the clock model;

1 TOTC(X) is the corrected satellite TOT in GST for the signal combination X;

1 TOTm(X) is thphysical satellite TOT for the signal combination X retrieved through
pseuderange measurements; and

T pnd{+x6-0 Aa GKS alrdSttAads

where

E ] =

GAYS O2NNBOlA2Yy F2NJ (
the time correction data retrieved from the navigation message, as follows:

KG{+ 0- 0TI -DOAX)HaZOF mb 6 0 HEH BN G NI

afo(X), af1(X), af2(X) and tOc(X) are parameters transmitted in F/NAV signals page Type 1
and I/NAV signals word Type 4 as indicated in 3.1.3.1.3;

tOc(X) is the reference timer the clock correction;

tis the GST time in seconds; and

NGNE SELINBEESR Ay 48802yR&Z A& F NBEFGABAAGAO

where the orbital parameters (e, A1/2) are transmitted in F/NAV signals page Type 2 and
I/NAV signals word Type 1 as indicated in 3.1.3.1.3, E is the calculatedriecaeomaly

and F =H > M K H-«.@42807309 x 120 s/m1/2.

3.1.3.2.2.1 A singHrequency user receiver processing pseudages from the frequency fhust applythe

F2tf2oAy3a O2NNBOGA2y (2 GKS

where

Yov'D = Yoy QD 6 ORQ)

arasSttAdsS Of 201

BGD(f,f2) is the broadcasgroup delay transmittedin F/NAV signalspageType 1 andI/NAV signals

word Type 5 asndicated in3.1.3.1.3 andlefinedasfollows:
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TR, — TR,

BGD(f1.f2) =———=
1-(2)
f2

where

1 f1 and f2 denote the carrier frequencies of E1 and E5a, respectively; and
1 TR1 and TR2 are the group delays of the signals whose carrier frequencies are respectively f1 and f2.

3.1.3.2.1.1 Asinglefrequency user receiver processing psedenges from the frequency 2 L
mustappyu KS FT2ff26Ay3 O2NNBOUAZ2Y u2z2 U0UKS aluosStftAusS Of
3.1.3.2.2:

fiy’
Msy (f2) = Msy (. f2) — (7) BEDUf2)

3.1.3.2.2 GSTUTC conversion algorithm and parameters. The UTC time thli8C be computed through three
different cases depending on the epoch of a possible leap second adjustment (scheduled future or recent
past) given by the day number (DN), the day at the end of which the leap second becomes effective, and the
week number (WNLSR2t 6 KA OK 5b A& NBTS NbsyuetheRfidst daysréladive dYh8 ¢ 2 F
end/start of week and the WNLSF valomust consistof eight bits, which are a Modulo 256 binary
representdion of the Galileo week number to which the DN is referenddte following three casasust

apply.

3.1.3.2.3 Case A: Whenever the leap second adjustment time indicated by WNLSF and DN is not in the past (relative
G2 0KS dzzaSNDa LINBaSyd GAYSO:E FyYyR (GKS dzzaSNDa LINBa
prior to the effective time, and ends dwours after the effective time, tUTi@ust becomputed as follows:

bY"Y(rj: (% S’/(‘)'Y"YB[MOdUIO 86400]
whereYoy-ve Y& -+ 0o+ 01(0o  to+ 604800(00 5 & §od))
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/&S .Y 2KSYS@SNI 4KS dzaSNDRa OdaNNByd GAYS Flrtfta gAGK
adjustment time to six hours after the adjustment time, tUnast becomputed as followstUTC as defined in
Case A):

where® = (6p Yoy 43200)[Modulo 86400] + 43200

Q)¢

/&S /Y 2KSYS@SNI G4KS €SIFHL) aSO02yR IR
dza SNDa LINBaSyd GAYS R2Sa yz2a FlL&t A
and ends six hours after ¢hadjustment time, tUT@ust becomputed as follows:

dza
u K

» =<
(p))
[
>
e <

>
_<

(o =
£
< >

e
y
OvvE (0o Yoy-yv3[Modulo 86400]
Whereydy"y('j_— yq, v 0g+ 01(Gp (pp+ 604800(w 0  w Uqp)

T Ao, A eetts, tor, WNo, WNLsr, DN andeeitsrareGSTto UTC time conversiorparameters
transmitte¢h in F/NAV signals pag@ype4 and I/NAV signalsword Type 6 asndicated
in3.1.3.1.3;

1 teistheGST asestimatedy theuserthroughits GSTdeterminatioralgorithm;and

T  WNis the weekhumberto which te is referenced.

3.1.3.2.4 Satellite position. The Eafrentred, Earti-ixed (ECEF) coordinates of the satellite antenna phase
centre position at GST timamust becomputed using the following equations:

X = x'cos@]) - y'cos(i)sinQ)

y = x'sin(q) +
y' cos(4a=) cos( q)
y'sin(i)

where
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N =10,+ (ﬂ' - r.ug)tk — Wetye corrected longitude of ascending node

x'=rcosu position in orbital plane

y'=rsinu position in orbital plane

o o di corrected inclination

i=iy+ 6+ Eh‘

r=Afl-e cos E) + dr corrected radius

u=o@ -+ du corrected argument of latitude

A= (A"2)P semi-major axis

or = Crsin2® + C,.cos2d radius correction

du = Cussin2@ + Cuccos2 @ argument of latitude correction

oi = Cisin2® + Cicos2@ inclination correction

D=v+w argument of latitude

v =tan t{SINV/ o} true anomaly

VI=esinE )
1—ecosE
— -1
= tan (cosE

—_— e)/

(1 —ecosE)
ty =t — sdf tge f 1s Galileo system time and #; is the actual total
time difference between the time t and the epoch
time #g. (fo, for the almanacs) which accounts for
beginning or end of week crossovers

M = E— e sin(E) Kepler’s equation for eccentric anomaly E
M = My+niy; mean anomaly
n =ng+dn corrected mean motion

computed mean motion (rad/s)
ny = f‘u/ A3

My, An, e, A2, Qy, in, o, 12, di/dt, Cue, Cus, Cre Crsy Cic, .  cphemeris parameters transmitted in in F/NAV

foe signals page Types 2, 3 and 4, as well as I/NAV
signals word Types 1, 2, 3 and 4 as indicated in
3.1.3.1.3.

m=3.1415926535898 ratio of a circle’s circumference to its diameter

1 =3.986004418 x 10'* m¥/s* geocentric gravitational constant

og = 7.2921151467 = 10~ rad/s mean angular velocity of the earth

c =299792458 m/s speed of light in a vacuum

3.1.3.2.4lonospheric correction.

3.1.3.2.5Compliance nota Receivers operating in singlieequency mode can use the singtequency
ionospheric correction algorithm described in document EUROCABEMinimum Operational
Performance Standard for Galileo/Global Positioning System/Satelited Augmentation
System Airborne Equipment, Appendix J (any version).
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3.1.3.3 AIRCRAFT ELEMENTS
3.1.3.3.1 GALILEO RECEIVER

3.1.3.3.1.1 Satellite tracking. The receiveust providethe capability to continuously track a minimum of
four Galileo satellites and generate a position solution based upon those measurements.

3.1.3.3.1.2 Doppler shift. The receivaust beable to compensate for dynamic Doppler shift effects on
nominal Galileo signal carrier phase and OS code measurements. The resestecompensatdor the
Doppler shift that is unique to the anticipated application.

3.1.3.3.1.3 Resistance to interference. The receinmrst meet the requirements for resistance to
interference as specified in 3.7.

3.1.3.3.1.4 Application of clock and ephemeris data. The receiust monitorthe |IODnav value and update
ephemeris and clock data based upon a detected change in this parameter. To compute position and clock
corrections, receiversnust usefor each satellite, IODnaagged parameters corresponding to the same
IODnav value. These parametensst beretrieved from the most recent navigation data set received.

Compliance nota |IODnav values are not necessarily incremented in steps of one. An IODnav with higher
value does not necessarily mean that it tags more recent data. The only valid comparison between IODnav
values is whether they are equal or not. For positioning, usanscombine SIS from different satellites with
different IODnav values, provided that the navigation parameters derived from each satellite are tagged by
a unique IODnav value.

3.1.3.3.1.5 Navigation data validity duration. The receimast onlyuse the ephemeris and clock corrections
from a set of navigation data during a period of time no longer than four hours from the reference time of
ephemeris (t0e). The receivarustnot relyon performance commitments in Chapter 3, 3.7.3.1.3, if the age
of tOe exceeds four hours.

Compliance nota See Attachment D, 4.1.3.11 for guidance material on the age of tOe.

3.1.3.4 TIME

3.1.3.4.1 Galileo system time (GST). Ther®&T bea continuous timescale based on the definition of the
second (according to the International System of Units, SI) whose origin/reference epoch (GRULTIO)
defined as 13 seconds before 199822 00:00:00 UTC. The Galileo navigation messag& containall

necessary parameters to convert between GST and UTC.

Compliance note See Attachment D, 4.1.3.9 for GST guidance material.
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3.1.3.5 COORDINATE SYSTEM

3.1.3.5.1 The Galileo OS broadcast ephenmeust determinethe position of the transmitting antenna phase
centre of a given satellite in the Galileo Terrestrial Reference Frame (GTRF) ECEF reference frame.

3.1.3.5.2 The GTREF difference from the latest physical realization of the International Terrestrial Reference
Frame (ITRFhustnot exceed3 cm 95 per cent globally.

Compliance notdl.t WGS84 and GTRF are both realizations of ITRF. The difference between GTRF and
WGS84 used in GPS, is considered insignificant for aviation.

Compliance not@.1 See Attachment D, 4.1.3.10 for additional information on GTRF.

3.1.4. BeiDou Navigation Satellite System (BDS) Open Service (OS) (B1l, B1C and B2a)

3.1.4.1 NOMAIRCRAFT ELEMENTS

3.1.4.1.1 BDS RF CHARACTERISTICS

Compliance nota This section describes RF characteristics of the BDS B1l, B1C and B2a signals
transmitted by BDS MEO and IGSO satellites.

3.1.4.1.1.1 B1l, B1C and B2a common requirements

3.1.4.1.1.1.1 Carrier phase noise. The carrier phase noise spectral density of the unmodulated carrier on
B1l, B1C and B2aust besuch that a thirebrder phase locked loop of 10 Hz esided noise bandwidth is
able to track the carrier to an accuracy of 0.1 radian root mean square (RMS).

3.1.4.1.1.1.2 Spurious emissionsbbend spurious emissiomsust beat least 50 dB below the
unmodulated B1l, B1C and B2a carrier over the allocated channel bandwidth.

Compliance note The allocated channel bandwidth for the B1l signal is 4.096 MHz. The allocated
channel bandwidth for the B1C signal is 32.736 MHz. The allocated channel bandwidth for the B2a signal is
20.46 MHz.

3.1.4.1.1.1.3 Data/code coherence. The edge of each data symiztlbealigned with the edge of the
corresponding ranging code chip, and the start time of the first chip of the periodic rangingnusdde
aligned with the start time of the data symbol bit. The edges of each secondary codaudtipealigned
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with the edges of the primary code chip and the primary code first chip startriiomgt bealigned with the
starting time of the secondary code chip.

3.1.4.1.1.2 B1l RF characteristics

3.1.4.1.1.2.1 B1l correlation loss. The correlation loss due to payload distartigsisiot exceed).6 dB on
B1l.

3.1.4.1.1.2.2 B1l ranging code. The chipping rate of the B1l rangingraesdéne2.046 megachips per
second, and the lengtimust be2 046 chips. The B1l ranging code (hereinafter referred to as @B&te
a balanced Gold code truncated with the last one chip. The Goldroodebegenerated by means of
Modulo-2 addition of G1 and G2 sequences, which are respectively derived from thit lirlear shift
registers. The generator of CBilist beas shown in Figure B BDS

Jah)
— 1 |2 34|5|5|?|8|9|m||1}mm
Reset control clock mm‘ Phase SL:I/C,]‘EI::“ logic02 sequence /L\ Ranging code
Shift control clock ],,”M\L/'\—\l L/
| |
]
4:5[|234|5|;|?|8|9|I0|Il|

Figure B BDS1. Generator of CB1l
Compliance note Additional information concerning the B1l ranging code is given in the BeiDou
Navigation Satellite System Signal In Space Interface Control Document Open Service Signal B1I (Version
0dn0X RIFIGSR CSoNXzZE NE Hnamgp 6 KSMNEHiof4.3F 6§ SN NEFSNNBR
3.1.4.1.1.3 B1C RF characteristics

3.1.4.1.1.3.1 B1C correlation loss. The correlation loss due to payload distonisheot exceed).3 dB on
B1C.
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3.1.4.1.1.3.2 B1C signal generation. The B1C sigrslcompriséwo components, known as B1C data
component and B1C pilot component.

3.1.4.1.1.3.3 B1C signal power split. The B1C signal poustrbel:3 split between the B1C data
component and the B1C pilot component.

3.1.4.1.1.3.4 B1C data ranging code (). The B1C data ranging code segusnbea 10 236chip length
primary code repeated every 10 milliseconds.

Compliance note Additional information concerning the B1C data primary code is given in BDS OS B1C
ICD, section 5.2.1

B1C data ranging code ( CB1C _data ). The B1C data ranging code semusrEa 10 2306chip length
primary code repeated every 10 milliseconds.

Compliance notet Additional information concerning the B1C pilot primary code and secondary code is
given in BDS OS B1C ICD, sections 5.2.1 and 5.2.2.

B1C data component ( SB1C_data ) generalibn.B1C data componemtust begenerated from the
navigation message data ( DB1C_data ) and the ranging code ( CB1C_data ) modulated witipttasseithe
BOC(1,1) subcarrier scB1C_data.

3.1.4.1.1.3."B1C pilot componentSB1C_pilo} generation. The B1C pilot componentst begenerated
from the ranging codedB1C_pilo} modulated with the QMBOC(6, 1, 4/33) subcarrier . The subcarrier
must becomposed of a BOC(1, 1) subcarrier and a BOC(6, 1) subcarriernwisichein phase quadrature
with each other and have a power ratio of 29:4.

Compliance notet Additional information concerning B1C modulation is given in BDS OS B1C ICD, section
4.2.

3.1.4.1.1.4 B2a RF characteristics

3.1.4.1.1.4.1 B2a correlation loss. The correlation loss due to payload distortimisot exceed).6 dB on
B2a.

3.1.4.1.1.4.2 B2a signal generation. The B2a signat compriséwo components known as B2a data
component and B2a pilot component.

3.1.4.1.1.4.3 B2a signal power split. The B2a signal pawst beequally split between the B2a data
component and the B2a pilot component.

237



NAMIBIA CIVIL AVIATION AUTHORITY

TECHNICAL STANDARDS

¥ Namibia Civil Aviation Authority (NAMCATS)
/ Safety Division
NCA

A Part 171: ATENolume 1

3.1.4.1.1.4.4 B2a data ranging codeB2a_pilot The B2a data ranging code sequenusst bethe
Modulo-2 addition of a 10 23@hip length primary code repeated every 1 millisecond anethip length
secondary code repeated every 5 milliseconds.

Compliance nota Additional information concerning B2a_data primary code and secondary code is given
in BDS OS B2a ICD, sections 5.2.1 and 5.2.2. 3.1.4.1.1.4.5 B2a pilot rangi@@2adpilp). The B2a pilot
ranging code sequencaaust bethe Modulo-2 addition of a 10 23@hip length primary code repeated

every 10 millisecond and a 1@ip length secondary code repeated every 100 milliseconds.

Compliance notg Additional information concerning B2a_pilot primary code and secondary code is given
in BDS OS B2a ICD, sections 5.2.1 and 5.2.2.

3.1.4.1.1.4.6 B2a data compone®B2a_pilo) generation. The B2a data componentist beBPSK(10)
modulated from the navigation message datag2a_pilot and the ranging codeGB2a_pilot

3.1.4.1.1.4.7 B2a pilot componer8i2a_pilo) generation. The B2a pilot componantust beBPSK(10)
modulated from the ranging codéB2a_pilot (thnly.

Compliance nota Additional information concerning B2a modulation is given in BDS OS B2a ICD, section
4.2.

3.1.4.1.2 DATA STRUCTURE

3.1.4.1.2.1 B1I D1 message characteristics

3.1.4.1.2.1.1 General. The B1l navigation message broadcastayB@S9 ha 'y R LD{ha . mL
Y @Al GA 2 giustb&rpdulat8dSmvithil kbps secondary Neumbiofman (NH) code. The D1

navigation messageust bestructured into superframes, frames and subframes. The frame structure of

the D1 navigation messageust beas shown in Figure B BRS

Compliance nota Additional information concerning the NH code is given in BDS OS B1I ICD, section
5.2.1.

3.1.4.1.2.1.Buperframe. Every superframeust contain36 000 bits. Every superfranneust becomposed
of 24 frames (24 pages).

3.1.4.1.2.1.3 Frame. Every frammaist containl 500 bits. Every frammust becomposed of 5 subframes.
3.1.4.1.2.1.4 Subframe. Every subframest contain300 bits. Every subfrantaust becomposed of 10

words. Every wordnust contain30 bits. Every wordhust consisbf navigation message data and parity
bits.

238



TECHNICAL STANDARDS
w)f Namibia Civil Aviation Authority (NAMCATYS)
K Safety Division
N AA Part 171: ATENolume 1
-+ Supertframe 36000 bits, 12 min >
Frame 1 | Frame 2 Frame n Frame 24
_:d _ Frame 1500 bits, 30 sec - >

Subframe 1 | Subframe 2 | Subframe 3 | Subframe 4 | Subframe 5

- ———

- T

;’—Subt‘rame 300 bats, 6 o —

Word 1 Word 2 eean Word 10

- - - —
- — - -
- — - -
- - —
- - -
- — - -

«—Word 1, 30 bits, 0.6 sec——»| [——Word 2~10, 30 bits, 0.6 sec—>]

26 information bits | 4 parity bits 22 information bits | 8 parity bits

Figure B BDS2. Framestructure of the D1 navigation message

3.1.4.1.2.1.5 Data parity. Word 1 of each subframest contain26 information bits and 4 parity bits in the
least significant bits (LSBs), and words 2 througm@st contain22 information bits and 8 parity bits in the
LSBs. Bos€haudhurHocquenghem (BCH)(15,11,1) encodimngst beused for error control and
interleaving.

Compliance note Additional information concerning BCH(15,11,1) encoding is given in BDS OS B1l ICD,
section 5.1.3.

3.1.4.1.2.1.6 Preamble. Bits 1 through 11 of every subframasgt containa preamble consisting of the
4SjdzSy0S 2F oAla ammmnnnanmnnmné ®

3.1.4.1.2.1.7 Subframe identification. Bits 16 through 18 of every subfraus¢ containthe subframe
identification, encoded as follows

Code 001 010 011 100 101 110 111

Subframe identification 1 2 3 4 5 Reserved Reserved
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3.1.4.1.2.1.8 Secondsdf-week (SOW). Bits 19 through 26 and bits 31 through 42 of each subframe of the D1
navigation messageust containthe 20-bit secondsof-week (SOW), which is defined as the number of
seconds thahave occurred since the last Sunday, 00:00:00 BDT. The SOWhugsirdccurat the leading

edge of the first preamble bit (MSB) of the subframe.

3.1.4.1.2.1.9 Reserved hits. Bits 12 through 15 of every subframe or page of a sulfuatrizereserved.
3.1.4.1.2.2 B1C message characteristics

3.1.4.1.2.2.1 General. The B1C navigation messa@NfB/1 navigation messageyst bebroadcast as a
sequence of frames. Each frammist containl 800 symbols with a symbol rate of 100 symbols per second.

Each framenust consisof three subframes with the basic frame structure shown in Figure B3BDS

After Error correction coding .

Y

|« 1800 symbols 18s
Subframe Subframe2
72 symbols 1200 symbols ”-u

. + Sinty-four Siaty-four
|« BCH{21.6) |_<_ 3 _,..|_<_ ; _..l
| BCH(31.8) - systemLDPC{200,100) systemLDPC{EE 44)

Before Error correcting code
+ 878 bits >
MSB LSB

Subframel Subframe2
14 bits 600 bits
Subframe 3
264 bits

Figure B BDS. Basic frame structure ofBNAV1

Subframe3
528 symbols

3.1.4.1.2.2.2 Subframe 1. Subframenfist containl4 bits before BCH error correction encoding. After BCH
(21,6) + BCH (51,8) encoding, its lengtist be72 symbols.

Compliance nota Additional information concerning BCH(21,6)+BCH(51,8) encoding is given in BDS OS B1C
ICD, section 6.2.2.1.
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3.1.4.1.2.2.3 Subframe 2. Subframm@st containb00 bits before lowdensity parity check (LDPC) encoding. The
576 MSBs of subframer@ust beincluded in the CRC calculation, and the 24 bSBs bethe corresponding
CRC bits. After 6dry LDPC (200, 100) encoding, its lemgttst bel 200 symbols.

Compliance nota Additional information concerning 6dry LDPC (200, 100) encoding is given in BDS OS B1C
ICD, section 6.2.2.2.

3.1.4.1.2.2.4 Subframe 3. Subframma@st contain264 bits before LDPC encoding. The 6 MB&st bethe page
type (PagelD), the 24 LSBast beCRC bits, and the remaining 234 lpiilsst bemessage data. PagelD and
message datanust beincluded in the CRC calculation. Afterdi® LDPC (88,44) encoding, its lengilst be
528 symbols. The frame structure of subframea3st beas shown in Figure B BBS

Compliance notg Additional information concerning 6dry LDPC (88,44) encoding is given in BDS OS B1C ICD,
section 6.2.2.3.

- Direction of data flow MSB first-

264 bits

ASB LSB

PagelD Message data CRC
6 bits 234 bits 24 bits

Figure B BD&. Frame structure for NAV1 subframe 3

3.1.4.1.2.2.5 Interleaving. After encoding, subframe 2 and subframeass becombined and interleaved using a
block interleaver.

Compliance nota Additional information concerning interleaving is given in BDS OS B1C ICD, section 6.2.2.4.
3.1.4.1.2.3 B2a message characteristics
OPMPN PMPH Po dMm DSYSNI f &/ GK S H. Wil O AP inBsiugbvonifaata$ad S B S

sequence of frames. Each frammeist contain600 symbols with a symbol rate of 200 symbols per second. The B
CNAV2 basic frame structuneust beas shown in Figure B B5S
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After Error correction coding:
|« 600 symbols 3s }
synchronous
o,
| Sixty-four |
| systemLDPC{96,48) I
Before Error correction coding:
I + 288 bits }I
MsSB LSB
PRN MesType SOW Navigation Message CRC

6 bits 6 bits 18 bits 234 bits 24 bits

Figure B BDS. BCNAV?2 basic frame structure

3.1.4.1.2.3.2 Frame structure. Each framest consisbf a 24symbol preamble and a 288t navigation
message before error correction encoding. After encoding barg4 DPC (96,48), its lengtiust bel 200
symbols.

Compliance note Additional information concerning 6dry LDPC (96,48) encoding is given in BDS OS B2a ICD,
section 6.2.2.

3.1.4.1.2.3.2.1 Preamble. Each framast containa preamble consisting of the sequence of bits
AMMMAAAMAAMAAMMAMMMMAMANANE D

3.1.4.1.2.3.2.2 Navigation message. Each framast contain288 bits before LDPC encoding, including thet6
PRN code,-bit message type, 1Bit SOW, 234bit message data and 24it CRC. PRN, message type, SOW, and
message datanust beincluded in the CRC calculation. After&% LDPC(96, 48) encoding, the frame length
must be576 symbols.

3.1.4.1.3 DATA CONTENT

Compliance nota A full description of the data content of the words being transmitted is given in BDS OS Bl
ICD, BDS OS B11 ICD and BDS OS B2a ICD.

3.1.4.1.3.1 Bll data content 3.1.4.1.3.1.1 The B1I D1 navigatiomdestacontainthe information listed in Table

B BDSL. Compliance notg Additional informationconcerning B1l D1 content and application of the data is
given in BDS OS B1I ICD, section 5.2.4
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Table B BD$. B1l D1 navigation message content

Subframe Page Data content
number number
Week number (WN), user range accuracy index (URAI), autonomous satellite
health flag (SatH1), ionosphere model parameters (o, Pa, n=0 - 3), equipment
1 NiA . . .
group delay differential (Tep1.Ten2), clock correction parameters (to., ag, @i, @),
age of data, clock (AODC), age of data, ephemeris (AODE)
2 N/4 Ephemeris parameters (1/2) ( JA . e, An, My, Cue, Cus, Cre, Crs)
3 N/ Ephemeris parameters (2/2) (toe, @, €, Q2. io, IDOT, Cic, Cis)
4 1-24 .
3 1-6 Pnum, almanac parameters (foa, \/K e, @, Mo, Qo, €2, &, an, ai, AmEplD)
3 7 Pnum, health information for 19 satellites (Hea;, i=1 - 19)
Pnum, health information for 11 satellites (Hea;, i=20 - 30), week number of
3 8 '
almanac (WN,), to,,
Pnum, time parameters relative to GPS time (Aggps, Aigps), time parameters
5 9 relative to GLONASS time (AosLo, AicLo), time parameters relative to Galileo
time (Aocal, A1Gal)
5 10 Pnum, time parameters relative to UTC (Agure, Aiute. Ates, At se, WNige, DN)
3 11-23 Pnum, almanac parameters (1o, x/K._ ¢, @, Mo, o, €, 8, a, a; AmID)
3 24 Pnum, health information for 14 satellites (Heay, i=31 - 43)

3.1.4.1.3.1.2 User range accuracy index (URAI). Bits 49 through 52 of subframe 1 of the D1 mesisagyatain
the URAI. The range of URAUIst befrom 0O to 15. The user range accuracy (URA3t beused to describe the
signalin-space accuracy (SISA) in metres. The relationship between URAI antustib®as shown in Table B
BDS2.

Compliance nota Additional information concerning URAI is given in BDS OS B1I ICD, section 5.2.4.5 and
section 5.2.3, Figure-8.
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Table B BD3. Relationship between URAI and URA

Code

URAI

URA range (m, 1o)

0000
0001
0010
0011
0100
0101
0110
0111
1000
1001
1010
1011
1100
1101
1110
1111

o oDe =1 O B L D

0.00 < URA =240
240 <URA =340
340 < URA =485
485 <URA<=6.85
6.85 < URA=9.65
9.65 < URA = 13.65
13.65 < URA = 24.00
24.00 < URA = 48.00
48.00 < URA =96.00
96.00 < URA < 192.00
192.00 < URA < 384.00
384.00 < URA = 768.00
768.00 < URA <1 536.00
1536.00 < URA <3 072.00
3072.00 < URA <6 144.00
URA > 6 144.00

3.1.4.1.3.1.3 Autonomous satellite health flag (SatH1). Bit 43 of subframe 1 of the D1 messageovide

(a1 mo | mustindzdteli2}d (o MK S

the broadcasting satellite is unhealthy.

ONBI ROIF&aGAY3 &l &firdizatetBat A a

Compliance note Additional information concerning SatH1is given in BDS OS B1l ICD, section 5.2.4.6 and

section 5.2.3, Figure-8.

3.1.4.1.3.1.4 Satellite clock correction parametgmust bebroadcast in the D1 navigation message. The value
of toc must monotonicallyincrease over the week andust changef any of the clock parameters change.

Compliance nota The update of the clock parameters always starts at the beginning of a superframe.

3.1.4.1.3.1.5 Satellite ephemeris parameter toast bebroadcast in the D1 navigation message. The value of
toe must monotonicallyncrease over the week andust changef any of the ephemeris parameters change. If
toe changes, then tomust alsochange.
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Compliance nota The update of the ephemeris parameters always starts at the beginning of a superframe.

3.1.4.1.3.1.6 Page number (Pnum). Both subframe 4 and subframessthave24 pages whicimust be
identified through the page number (Pnum) contained in bits 44 through 50 of the subframes.

3.1.4.1.3.1.7 Identification of expanded almanacs (AmEpID). Bits 291 through 292 of pages 1 through 24 of
subframe 4 and pages 1 to 6 of subframmst containl YO LIL5® ! o0AY Il NB @rudtdzS 2F daw
indicatethat pages 11 through 23 of subframe 5 are used to broadcast the almanac parameters for SV ID 31
through 63, and page 24 of subframe 5 is used to broadcast the satellite health information for SV ID 31 through
63. Otherwise, pages 11 through 24 of subfeaimust bereserved.

3.1.4.1.3.1.8 Ildentification of timeharing broadcasting (AmID). Bits 291 through 292 of pages 11 through 23 of
subframe 5 and bits 216 through 217 of page 24 of subframei&t provideAmID. AmIDnust beused

combining with AmEpID and Pnum to indicate the PRN of the satellite transmitting the almanac parameters in

the Pnumpage. Amibusg yt @ 06S dzZASR ¢6KSy ! Y9LIL5 KFa F oAyl NEB @I
the almanac parameters of SV ID 31 throughr@®t beas shown in Table B BI3S

Table B BDS-3. Broadcasting scheme for the almanac parameters of PRNs 31 through 63

AmEpID AmID Pnum PRN
01 11-23 31-43
10 11-23 44 - 56
1 1-17 57-63
! 18-23 Reserved
00 11-23 Reserved

3.1.4.1.3.2 B1C and B2a data content

3.1.4.1.3.2.1 The-BNAV1 data broadcasted on BhGst containthe information listed in Table B Bi3SThe B
CNAV2 data broadcasted on BRast containthe message types and data content listed in Table BBDS

Compliance notd.T1 Additional information concerning-BNAV1 data content and application of the data is
given in BDS OS B1C ICD, section 7.
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Compliance not@.1 Additional information concerning-BNAV2 data content and application of the data is
given in BDS OS B2a ICD, section 7.

Table B BD8&. B1C navigation message information contents

Subframe
number

1 PRN, SOH

Data content

WN, HOW, 10DC (issue of data, clock), IODE (issue of data, ephemeris)

Data Ephemeris I*
blocks* (toes SatType,AA, A, Ang, Ay, My, €, @)
Ephemeris I1*
2 (Qo. i, ., Ig, Cir Cies €
Clock correction parameters®
(t,..a,.a, .a,)

Cys. C

rs* CI‘C' us* HC)

TGDg2ap, ISCricd, TGDgicp, Rev, CRC

Page Type 1(PagelD, health status(HS), data integrity flag (DIF), signal
integrity flag (SIF), accuracy integrity flag (AIF), signal-in-space monitored
accuracy index (SISMAI)***, SISAloe, SISAloc*, ionospheric delay correction
model parameters*, BDT-UTC time offset parameters®)

Page Type 2 (PagelD, HS, DIF, SIF, AIF, SISMAI***, SISAloc*, WNa, 1, .
reduced almanac®)

Page Type 3 (PagelD, HS, DIF, SIF, AIF, SISMAI*** SISAloe, earth
orientation parameters (EOP), BDT-GNSS time offset (BGTO) parameters)

Page Type 4 (PagelD, HS, DIF, SIF, AIF, SISMAI***, SISAloc*, midi
almanac*)

*  Data blocks containing a set of parameters.

** At most 63 page types can be defined for subframe 3. Currently, four valid page types have been

defined: 1, 2, 3 and 4.

#*% SISMA broadcast in B-CNAV | is reserved for future use.
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Table B BD5. B2a message types and the data content

Message type** Data content

PRN, MesType, SOW., WN, DIF(B2a), SIF(B2a), AIF(B2a).
! 10 SISMAI**** DIF(B1C), SIF(B1C), I0DE, ephetetis I*

PRN, MesType, SOW, HS, DIF(B2a), SIF(B2a). AIF(B2a).
2 n SISMAI**** DIF(B1C), SIF(BIC), ephemeris IT*

PRN, MesType, SOW, HS, DIF(B2a), SIF(B2a), AIF(B2a).

SISMAT****  DIF(B1C), SIF(BIC), clock correction parameters®,
3 30 IODC, Topsasp, [SChza, ionospheric  delay correction  model

parameters* | Topricp

PRN, MesType, SOW, HS, DIF(B2a), SIF(B2a). AIF(B2a).
4 11 SISMAT****  DIF(B1C), SIF(BIC), clock correction parameters®,

IODC, WNa, toa, reduced almanac parameters®

PRN, MesType, SOW, HS,DIF(B2a), SIF(B2a), AIF(B2a).
3 32 SISMATI**** DIF(B1C), SIF(BIC), clock correction parameters®,

10DC, EOP

PRN, MesType, SOW, HS, DIF(B2a), SIF(B2a). AIF(B2a).
p 3 SISMAT**## DIF(B1C), SIF(BIC), AIF(BIC), clock correction

parameters®, BGTO parameters®, reduced almanac parameters®, [0DC,

WNa, toa

PRN, MesType, SOW, HS, DIF(B2a), SIF(B2a), AIF(B2a).
7 34 SISMAT*#*#* DIF(B1C), SIF(BIC), SISAloc*, clock correction

parameters®, JODC, BDT-UTC time offset parameter®

PRN, MesType. SOW, HS, DIF(B2a), SIF(B2a),
8 40 AlIF(B2a).SISMAI**** DIF(BIC), SIF(BIC), SISAloe, SISAloc®,

midi almanac parameters®

* Data blocks containing a set of parameters.

** At most 63 message types can be defined for the B-CNAV2 navigation message. Currently, eight
valid message types have been defined: 10, 11, 30, 31, 32, 33, 34 and 40.

##% The broadcast order of the B-CNAV2 message types may be dynamically adjusted, however
Message Types 10 and 11 are broadcast continuously together.

##%% SISMAI broadcast in B-CNAV?2 is reserved for future use.

3.1.4.1.3.2.2 Page type. PagentDst beused to identify the page types of subframe 3 {€RAV1. limust bea
6-bit unsigned integer. Its definitiomust beas shown in Table B BBS
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Table B BDS-6. Page type definition

Page ID (binary) Page type
000000 Invalid
000001 1
000010 2
000011 3
000100 4
Others Reserved

3.1.4.1.3.2.3 Message type (MesType). Messagenys beused to identify the message types of theCBIAV2
frames. Itmust bea 6-bit unsigned integer. Its definitiomust beas shown in Table B BDS7

Table B BDS-7. Message type definition

Message Type (Binary) Message type
000000 Invalid
001010 10
001011 11
011110 30
011111 31
100000 32
100001 33
100010 34
101000 40
Others Reserved

3.1.4.1.3.2.4 Issue of data

Compliance notd.t Additional information concerning B1C issue of data is given in BDS OS B1C ICD, section
7.4.1, Table -B and section 7.4.2, Tabled/

Compliance not@.1 Additional information concerning B2a issue of data is given in BDS OS B2a ICD, section
7.4.1, Table -B and section 7.4.2, Tabled?

3.1.4.1.3.2.4.1 Issue of data, ephemeris (IODE). MBEindicatethe issue number of a set of ephemeris
parameters. The IODE valomist beupdated when any ephemeris parameter is updated. The IODE valusgs
indicatethe range of the ephemeris data age. The ephemeris datarage bedefined as the offset between the
ephemeris parameters reference time (toe) and the last measured time for generating the ephemeris
parameters. The values of IOBiEst not berepeated within any 24 hours. The relationshighlseen the IODE
values and the ephemeris data ageist beas in Table B BES
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Table B BDS-8. Relationship between the IODE values and the ephemeris data age

IODE value Ephemeris data age
0-359 Less than 12 hours
60— 119 12 hours — 24 hours
120 - 179 1 day — 7 days
180 — 239 Reserved
240 - 255 More than 7 days

3.1.4.1.3.2.4.2 Issue of data, clock (IODC). Q0T indicatethe issue number of a set of clock correction
parameters. The I0ODC valomist beupdated when any clock correction parameter is updated. The I0DC values
must indicatethe range of the clock correction data age. The clock correction datenagebedefined as the

offset between the clock correction parameters reference time (toc) and the last measured time for generating
the clock correction parameters. The range of the clock correction da&tanagt bedefined by the 2 MSBs of

IODC together with the 8 LSBs of IODC. The values ohi@f@ot berepeated within any 24 hours. The
relationship between the IODC values and the clock correction datenagebeas in Table B BESS

Table B BDS. Relationship between the IODC values and the clock correction data age

2 MSBs of IODC 8 LSBs of [ODC Clock correction data age
0-59 Less than 12 hours
60— 119 12 hours — 24 hours
0o 120 - 179 1 day — 7 days
180 — 239 Reserved
240 — 255 More than 7 days
0-59 Less than 12 hours
60— 119 Less than 12 hours
01 120 — 179 Less than | day
180 — 239 Reserved
240 — 255 No more than 7 days
0-59 More than 12 hours
60—119 More than 24 hours
10 120 - 179 More than 7 days
180 — 239 Reserved
240 — 255 More than 7 days
11 Reserved Reserved
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3.1.4.1.3.2.5 Satellite health status. Satellite health status (@HS)indicatethe health status of the
transmitting satellite. The definitions of the SHS parametest beas shown in Table B BI2S.

Compliance notd..t Additional information concerning B1C SHS is given in BDS OS B1C ICD, section 7.14, Table
7-22.

Compliance not.1 Additional information concerning B2a SHS is given in BDS OS B2a ICD, section 7.14, Table
7-22.

Table B BD$0. Definitions of the SHS parameter

SHS value Definition Description
0 The satellite is healthy The satellite provides services
| The satellite is unhealthy or under test The satellite does not provide services
2 Reserved Reserved
3 Reserved Reserved

3.1.4.1.3.2.6 Satellite integrity status. The satellite integrity staiust beconveyed by two parameters: data
integrity flag (DIF) and signal integrity flag (SIF). Each of tmesh occupyl bit and their definitionsnust beas
shown in Table B BEAS.

Compliance notd..t Additional information concerning the B1C satellite integrity status flag is given in BDS OS
B1C ICD, section 7.15, Tabl23

Compliance not@.1 Additional information concerning the B2a satellite integrity status flag is given in BDS OS
B2a ICD, section 7.15, Tabl23F.

Table B BD$1. Definitions of the satellite integrity status flag parameters

Parameter Value Definition
0 The error of message parameters broadcast in this signal
DIF does not exceed the predictive accuracy
The error of message parameters broadcast in this signal
1 2 2
exceeds the predictive accuracy
SIF ] This signal is normal

1 This signal is abnormal
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3.1.4.1.3.2.7 Satellite signial-space health status (SISHS)

3.1.4.1.3.2.7.1 BDS OS signatpace health status (SISHS8)st takeone of the three states:
a) healthy: the signal meets the minimum service performance specified in this document;
b) unhealthy: the signal is not providing services or is being tested; and

¢) marginal: the signal is neither of the two previous states.

3.1.4.1.3.2.7.2 The B1C and B2a Si8t$ beindicated by the combination of four SIS flags: HS, SIF and DIF. The
mapping between the values of the three flags and B1C/B2a &i8st®eas shown in Table B BR3.

Table B BD$2. Themapping between the values of the three flags and B1C/B2a SISHS

BIC/B2a
SISHS HS SIF DIF
Healthy 0 0 0
0 0 1
Marginal
213 0 0
Any value | 0/1
Unhealthy
1 0/1 0/1

3.1.4.1.3.2.8 Signah-space accuracy (SISA) indices. The8i8Adescribehe predictive accuracy of the orbital
parameters and clock correction parameters broadcast in the navigation messagesticomprisehe along

track and crosgrack accuracy of the satellite orbit (Sk§As well as the satellite orbital radius and satellite clock
correction accuracy (SISAThe SISA index parameters listed betoust beused to calculate SISAoe and SISAoc
andmust bebroadcast in BENAV1 Subframe 3 for B1@e&BCNAV2 Message Type 40 for B2a, respectively:

a)SISMBKAOK Aa | aiAaySR3I (g2Q0a 02 vibihusStndicatathe tombied SNJ Ay
satellite alongtrack and cross$rack orbit accuracy as shown in Table B-BPS;
b)SISAbkd KAOK A& | AA3IYSRI (6204 O2 vieiuSth8icatdthe kombired SNJ Ay

satellite orbit radial and satellite clock bias accuracy as shown in Tablee BRRBDS

c) SISAd with an integer value in the range of O tanist indicatethe satellite clock drift accuracy;

d) SISAlwith an integer value in the range of 0 tantust indicatethe satellite clock drift rate accuracy; and e)
top must indicatethe time of week for data prediction.

Compliance notd.1 Additional information concerning the SISA index parameters is given in BDS OS B1C ICD,
section 7.16.
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Compliance not@.1 Additional information concerning the SISA index parameters is given in BDS OS B2a ICD,
section 7.16

Table B BD$2-1. Mapping between SIgAndex and SISA

SISA,, index SISA,, (metres)

15 6 144.00 < SI8A,, (or no accuracy prediction is available)
14 3072.00 < S5I8A,. =6 144.00
13 I 536.00 < §I84,.=3 072.00
12 708.00 < 5154.. = 1 536.00
11 384.00 < SI5Aue = 768.00
10 192.00 < 5154, = 384.00

9 96.00 < §5I54,. < 192.00
g 48.00 < 5154, = 96.00

7 24.00 < §I54,.= 48.00

[ 13.65 < §I84ne= 24.00

3 9.65 < 8154w = 13.65

4 6.85 < §5IS4..= 9.65

3 4.85 < §5IS4..= 6.85

2 3.40 < 5154 = 4.85

i 240 < 5154, = 3.40

U] 170 < 8184, = 2.40

-1 1.20 < §5ISAqe = 1.70

-2 0.85 < §IS4..= 1.20

-3 0.60 < 5154.. = 0.85

-4 0.43 < §5I54..= 0.60

-5 0.30 < 5154 0.43

-G 0.21 < §5184,.= 0.30

-7 0.15 < 5IS4,.= 0.21

-8 0.11 < §5I84..= 0.15

-9 0.08 < §IS4..= 0.11
-10 0.06 < 5I54..= 0.08
=11 0.04 < 51540 = 0.06
-12 0.03 < 51540 = 0.04
-13 0.02 < §IS4,.= 0.03
-14 0.01 < §IS4,.=< 0.02
-15 SI54,.= 0.01
-16 No accuracy prediction available — used at own risk
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Table B BD$2-2. Mapping between SlgfAindex and SISA

SISA,. index SISA, 4 (metres)

15 6 144.00 < SISA,., (or no accuracy prediction is available)
14 307200 < SISAor = 6 144.00
13 1 536.00 < §ISAoce = 3 072.00
12 768.00 < SISAuch = 1 5336.00
n 384.00 < SI54ucr = 768.00
I 192.00 < SI54, = 384.00

9 96.00 < 5154, = 192.00
) 48.00 < 8154, = 96.00

7 24.00 = 8515406 = 48.00

[ 13.65 < SI54oes = 24.00

5 9.65 < SISAocn = 13.65

4 6.85 < SI5A.r = 9.65

3 4.85 < 85184, = 6.85

2 340 < 8154, = 4.85

I 240 = 8154, = 3.40

0 1.70 < SI5Aar = 2.40

-1 1.20 < 81540 = 1.70

-2 0.85 < SI84ar = 1.20

-3 0.60 < SISA.r = 0.85

- (.43 < SI8Awr = 0.60

-5 0.30 < 8154, = 0.43

-6 0.21 < SIS4,. = 0.30

-7 0.15 = 8IS4,..= 0.21

-8 011 < SI84.0= 0.15

-9 0.08 < SI5Aar= 0.11
-10 0.06 < SI5Awr = 0.08
-1 0.04 < SI5Asr = 0.06
-12 0.03 < SISA,. < 0.04
-13 0.02 < 8154, = 0.03
-14 0.0f < 5I54,..= 0.02
-15 SISAocs = 0.01
-16 No accuracy prediction available — used at own risk

3.1.4.2 DEFINITIONS OF PROTOCOLS FOR DATA APPLICATION
Compliance notg This section defines the inteelationships of the data broadcast message parameters. It

provides definitions of parameters that are not transmitted but are used by either or botkaoraft and
aircraft elements, and that define terms applied to dehine the navigation solution and its integrity.

3.1.4.2.1 Parity algorithms.

3.1.4.2.1.1 The D1 message uses BCH(15,11,1) encoding as parity algorithms as indicated in section
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3.1.4.1.2.1.5.3.1.4.2.1.2 TheAV1 message and theaBIAV2 message use al@CRC. The CRist be
calculated in accordance with 3.7, with the following generator polynomial:

60N = gixi
where: Gi=1for0, 1, 3,4,5,6, 7, 10, 11, 14, 17, 18, 23, 24 and 0 otherwise.

3.1.4.2.2 Satellite clock correction parameters. 3.1.4.2.2.1 BDS systemnios becomputed as follows:
t=tsT P&y
where:
t = BDT in secondsattime of signaltransmission;
tsv= the effective satellite ranging code phase time in seconds at time of signal transmission;
andpd, = theoffsetof satelliterangingcode phaséme insecondslefined as:
Pé=a+ at T tog) + a(tT tog)?
+ gHere:
&, & andap andt,c areparametertransmittedn D1 navigatiormessagsubframel, in B-
CNAV1subframe2 andB-CNAV2 messagdypes30,31,32,33and34; and

mptis therelativisticeffectcorrectiontermdefinedas:

At, =F-e-+fA -sinE,

where:
e. Jx Ee areparameterthatcangetfrom D1 navigatiormessagsubframe2 andsubframes,
from B-CNAV1 subframe2 andB-CNAV2 messagdypesl0
and11F=-2 &4c%
€ = 3.986M0Ri4s1 8tTMed val ue of the eart hd=29WwaRusedd sal g

m/s isthe speedf lig
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3.1.4.2.2.2 BDS system time related to UTC (NTSC) time. BeiDou system time offset with respectust & C
determined by using B1l data, B1C data or B2a data.

Compliance nota Additional information concerning time parameters and algorithms relating BeiDou system
time to UTC is given in section 5.2.4.18, BDS OS B1I ICD; section 7.12, BDS OS B1C ICD; and section 7.12, BDS
B2a ICD.

3.1.4.2.3 Satellite position.

3.1.4.2.3.1 B1l satellite position solution. The current satellite positiost becomputed as shown in Table B
BDS13.

Compliance notd.1 The current satellite position is defined using ephemeris parameters. The ephemeris
parameters (toe, , e, , NN, Mo, Mo, , b, IDOT, €, Gis, Ge, Gs, G, Gs) used in the B1l satellite position solution are

parameters transmitted by D1 navigation message subframe 2 and subframe 3.

Compliance not€.1 Additional information concerning ephemeris parameters and algorithms is given in BDS
OS B1I ICD, section 5.2.4.12.
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Table B BD$3. B1l ephemeris algorithm

Computation steps Description

= 3.986004418=10" m*/s? Value of the earth’s universal gravitational constant in BDCS

€@, =7.2921150x 10" radis
a=3.1415926535898

a=[AT

h, = 3
A

t,=t-1"
n=n,+An

M, =M, +mnt,

M, =E, —esmE_

Jl-¢sinE,

sinv, =

I-ecosE,
4

cosE, —e
cosv, = ——on8

l-ecosE,
.=V, +@

Walue of the earth’s rotation rate in BDCS
Ratio of a circle’s circumference to its diameter

Computed semi-major axis

Computed mean motion (radians/s)

Computed time from ephemeris reference epoch
Corrected mean motion
Computed mean anomaly

Kepler's equation for eccentric anomaly (radians)

Computed true anomaly

Computed argument of latitude

[8u, =C,, sin(2d, }+C_cos(2p, ) Argument of latitude correction
‘If"’l =C, sin(24, }' C,. cos24, }

|8i, =C, sin(2, )+ C, cos(2¢, )

Radius correction

Inclination correction
U, =, +du, Corrected argument of latitude parameters
r, = All -ecosE, )+ &r, Corrected radius

i, =i, +[DOT-1, +&i, Corrected inclination

Jxk =T, COSU,

. Computed satellite positions in orbital plane
Ly =n sinu,

0, =0, +{Q—Q=k; —QJ..L- Corrected longitude of ascending node in BDCS

[X, =x, cosf), —y, cosi, sin0) MEVIGSO satellite coordinates in BDICS
1Y, = x, sin £y, +y, cosi, cosl,

1Z, =y, sni,

*In the equations, “t" is the time of signal transmission in BDT. *t," is the total time difference between t and
ephemeris reference time to. , after accounting for beginning or end-of-week crossovers by subtracting 604 800
seconds from te if t 1s greater than 302 400 or adding 604 800 seconds to t if txis less than -302 400 seconds.

3.1.4.2.3.2 B1C and B2a satellite position solution. The current satellite pasitisrbecomputed as shown in
Table B BD$#4.
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Compliance notd.t The current satellite position is defined using ephemeris parameters. The ephemeris
parameters& & { | (a5 SALISEEHKD 0, Q1 , Mo, MR, By 6001 61 566 O ¢) used in the B1C and

B2a satellite position solution are parameters transmitted B@NBAV1 navigation message subframe 2 and 3, or

by BCNAV2 navigation message Type 10 and message TyPertipliance not@.t Additional information

concerning ephemeris parameters and algorithms is given in BDS OS B1C ICD, section 7.7, and in BDS OS B2a I(
section 7.7

Table B BD$4. B1C/B2a ephemeris algorithm
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