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IN EXERCISE of the powers conferred on the Minister of Transport and Public Works by
section 89 of the Civil Aviation Act and on the recommendation of the Civil Aviation Authority,
the following Regulations are hereby made —

PARTY — Preliminary

Citation 1. These Regulations may be cited as the Civil Aviation (Radio Navigation
Aids} Regulations, 2022.
Interpretaiion 2. In these Regulations, unless the context otherwise requires. —

“aircraft-based avgmentation system (ABAS)” means an angmentation
system:that angiments and/or integrates the information obtained
from the other GNSS elements with information available on board
the aircraft;

“air navigation services facility’’ means any facility used, available for
use, or designed for use in aid of navigation of airceaft, including
airports, landing fieltds, any structures, mechanisins, lights, beacons,
marks, communicating systems, or other instruments or devices used
or useful as an aid to the safe taking off, navigation, and landing of
aircraft and any combination of such facilities;

“alert” means an indication provided to other aircraft systems or
annunciation to the pilot to identify. that an opemtmg parameter of a
navigation system is out of tolerance;



“alert limit" means the error lolerance not to be exceeded without issning
an alert for a given parameter measurement;

“altitude” means the vertical distance of a level, a point or an object
considered as a point, measured from mean sca level (MSL);

“air navigation services provider” means an entity established for the
purpose of providing one or more of the air navigation services as
defined in these Regulations;

“angular displacement sensitivity”’ means the ratic of measured DDM
to the corresponding angular displacement from the appropriate
reflerence ling,

“antenna pott” means a point where the received signal power is specified.
For an active antenna, the antenna pott is a fictitious point between
the anienna clements and the antenna pre-amplifier. For a passive
antenna, the antenna port is the output of the antenna itself;

“area navigation” means a method of navigation which permits aircraft
operation on any desired flight path within the coverage of ground
or space-based navigation aids or within the limits of the capability
of self-contained aids, or a combination of these;

“Aunthority” means the Civil Aviation Authority of Botswana established
under the Civil Aviation Act;

“average radivs of rated coverage” means the radius of a mrcle having
the same arca as the rated coverage;

“axial ratio” means the ratio, expressed in decibels, between the
maximum output power and the minimum ocuniput power of an
an(enna lo an incident lincarly polarized wave as the polarization
orientation is varied over all directions perpendicular to the direction

-of propagation; .

“back coursc scctor” means the course scelor which is situated on the
opposite side of the localizer from the runway;

“carrier energy” means the average power supplied to the antenna
transmission linc by a transmitter during one radio frequency cycle
under conditions of no modulation;

“certificate” means the certificate for the provision of Air Navigation
Services issucd by the Authority under the Civil Aviation
(Certification of Air Navigation Services Providers) Regulations,
2021, Statutory No. 144 of 2021,

“channcl of standard accuracy” meauns the specified level of positioning,
velocity and timing accuracy that is avaiiable to any GLONASS user
on a continuous, worldwide basis;

“CNS” means radio navigation aids, communication procedures
including those with PANS (Procedures for Air Navigation Services),
comimunication systemns, surveillance and coliision avoidance systems
and aeronautical radio frequency spectrum utilization,

“control motion noise (CMN)” means that portion of the guidance signal
error which causes control surface, wheel and column motion and
could affect aircraft attitude angle during coupled fight, but does not
cause aircraft displacement from the desired course and/or glide path;

“core satellite constellation(s)” means the GPS and GLONASS;

"course line” means the locus of points nearest to the ranway centre Jine
in any herizontal plane at which the DDM is zero;

(Cap. #:61)



“coupling” means the association of two circuits or systems in such a way
that power may be transfefred from ‘onc 1o the other;

“course sector” means a sector in a horizontal plane containing the course
line and limited by the Joci of points nearest to the course line at which
thie DDM is 0.155;

“displacement sensitivity (localizer)” means the ratio of measured DDM to
the comesponding lateral displacement from the appropriate reference
line;

“DME” means Distance Measuring Bauipment;

“dead lime” means a period immediately following the decoding of a valid
interrogation during which a received interrogation will not cause a
reply to be generated,;

“DME/N" ‘means distance mcasuring cquipment, primarily serving
operational needs of en-route or Terminal Control Area navigation,
where the “N* stands for narrow spectrum characteristics;

“DME/P” means the distance measuring clement of the MLS, where the
“P gtands for precise distance measurement. The spectrum
characteristics are those of DME/N;

“effective adjacent channel rejection” means the rejection that is obtained

at the appropriate adjacent channel freqiency when all relevant receiver
- toleranices have been taken into account;

“elevation” means the vertical distance of a point or a level, on or affixed
to the surface of the earth, measured from mean sea level,

“essenlial radio navigation service’ means a radio navigation service
whose disruption has a significant impact on operations in the affected
airspace or aerodrome; '

“equivalent isotropically radiated power (EIRP)Y” means the product of
the power supplied to the antenna and the antenna gain in a given
direction refative to an isotropic antenna (absolute or isotrapic gain);

“Facility Performance category I — ILS” means an ILS which provides
guidance information from the coverage limit of the 1S to the point at
which the localizer course line intersects the JLS glide path at a height
of 60 metres {200 ft) or less above the horizontal plane containing the
threshold;

" “Pacility Performance Category 1T — TL8” means an ILS which provides
guidance information from the coverage limit of the ILS to the point at
which the localizer course line intersects the 1L.S glide path at a height
«of 15 metres (50 1) or less above the horizontal planc containing the
threshold;

““Pacility Performance category Iil - ILS” means 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,

“fan marker beacon’ means a type of radic beacon, the emissions of which
radiate in a vertical fan-shaped pattern;

“final approach (FA) mode” means the condition of DME/T* operation
which supports flight operations in the final approach and runway
regions;



“front course sector” means the course sector which is'situated on the same
side of the localizer as the runway;

“GBAS/E” means a ground-based augmentation system transmitfing an
clliptically-polarized VHF data broadcast;

“GBAS/H” means a ground-based augmentation systemn transmitting a
horizontally-pelarized VHF data broadcast;

“global navigation satellite system (GNSS)” means a worldwide position
and time determination system that inciudes one or mare satellite
constellations, aircraft receivers and system integrity monitoring,
augmented as necessary 1o support the require navigation'performance
for the intended operation;

“global navigation satellite system (GLONASS)" means the satellite
navigation systen: operated by the Russian Federation;

“(GN3S position error” means the difference between the true position and
the position determined by the GNSS receiver;

“wround-based augmentation system (GBAS)" micans an augmentation
system in which the user receives angmesntation information directly
from a ground-based transmitter;

“ground-based regional augmentation system (GRAS” means an
angmentation system in which the user receives augmentation
information directly from one of a group of ground-based transmitters
covering d region;

“half course sectoi” means the sector, in a horizontal plane containing the

course lirie and limited by the loci of points nearest to the course line
al which the DDM is 0.0775;

“height” means the vertical distance of a level, a point or an object
consideted as a point, measured from a specified datum;

“Human Factors Principles” means prisciples which apply to design,
cértification, training, operations and saintenance and which seek
safe interface between the huran and other system components hy
proper consideration to human performance;

“ILS" means an Instrument Landing System;

“ILS glide path™ means that locus of points in the vertical plane containing
the runway centre line at which the DDM is zero, which, of all such
loct, is the closest to the horizontal plane ;-

“ILS glide path angle” means the angle between a straight linc which
represceits the mean of the ILS glide path and the horizontal;

“11.S glide path sector’” means the 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; '

“ILS Point “B’”* means a point on the ILS glide path measured along the
exténded runway centre line in the approach direction d distance of
1050 metres (3 500 ft) frorn the threshold,

“initial approach (IA) mode” means the condition of DME/E operation
which supports those flight operations outside the final -approach
region and which is interoperable with DME/N;

“integrity” means a measure of the trust that can be placed in the
correctness of the information supplied by the total system and
includes the ability of a system to provide timely and valid warnings
{0 the user (alerts);



“key down time” means the time during which a dot or dash of a Morse
character is being transmitted,;

“LE/ME"” means kow frequency/medium frequency;

“locator” means an LE/ME NDB used as an aid to final approach;
conditions;

"mode X,Y,” means a method of coding the DME transmissions by time
spacing pulses of a pulse pair, so that each frequency can used more
than once; :

“NDB™ means a radie transmiltter al & known locatlion, used 4s a radio
navigation aid;

“path following error (FFEY” means that portion of the guidance signal
error which could cause aircraft displacement from (he desired course
and/or glide path;

“pscudo-range” means 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;

“pulse code” means the method of differentiating between W, X, Y and Z
modes and between FA and TA modes;

“polsc decay time” means the time as measured between the 10 and 90 per
cent amplitude points on the trailing edge of the pulse envelope;
“pulse duration” means the time interval between the 50 per cent amplitude

point on leading and trailing edges of the pulse envelope;

“pulse rise time” means the time as measured between the 10 and 90 per
cent amplitude points on the leading edge of the pulse envelope;
“radio navigation service” means a service providing guidance information
or position data for the efficient and safe operation of aircraft supported

- by one or more radio navigation aids;

“rated coverage” means the area surrounding an NDB within which the
strenpth of the vertical field of the ground wave exceeds the minimum
value specified for the geographical area in which the radio beacon
is situated;

“receiver” means a subsystem that receives GNSS signals and inclades one
OF MOLC SCNSOrs;

“reply efficiency’ means the ratio of replies transmitted by the transponder
to the total of received valid interrogations; .

“reserved (hits/words/ficlds)” means bits/words/fields that are not
allocated, but which are reserved for a particular GNSS application;

“search” means the condition which exists when the DME interrogator
is atlempting to acquire and lock onto the response to its own
interrogations from the selected transponder;

“satelfite-based augmentation system (SBAS)” means a wide coverage
augmentation system in which the user receives augmentation
information from a satellite-based transnitter;

“spare (bits/words/fields)” means bits/words/fields that are not allocated
ot reserved, and which are available for future allocation;

“standard positioning service (SPS)” means the specified level of
positioning, velocity and timing accuracy that is available to any
global positioning system (GPS) user on a continuous, worldwide
basis;



“Surveiflance Radar Element” means a component of a GCA (ground-
controtled approach) system —

(a} which vectors incoming traffic until it is handed over to the
precision approach radar (PAR) controller or established on
the ILS (Instrument Landing System);

(b) which provides target information in the range and the azimuth
while information on target information is not available; and

{c) in which a pilot can be vectored onto the final approach so
that he or she can be handed over to the PAR coatroller or
can carry cut the ILS approach.

“time-to-alert” means the maximum alfowable time elapsed from the onset
of the navigation system being owt of tolerance uniil the couipment
enunciates the alert;

“track” means 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,

“touchdown” means the point where the nominal glide path intercepts the
runway;

“transmission rate” means the average number of pulse pairs transmitted
from the transponder per second;

“two-frequency glide path system” means an ILS glide path in which
coverage is achieved by the use of two independent radiation field
patterns spaced on separate carrier frequencies within the patticuiar
glide path channel;

"VOR™ means Very High Frequency (VHF) Omnidirectional radio
Range; and

"Z marker beacon” means type of radio beacon, the emissions of which
radiate in a vertical cone-shaped pattern.

3. These Regulations shall apply to a person providing Radio Navigation
Aids services within designated air space and at acrodromes.

PART Il — General Requirements

4. The minimum requirements for planning, installation, commissioning,
training, operations and maintenance of the radio navigation aids facilities shall
conform to these Regulations.

PART Il — Radio Navigation Aids

5. (1) Standard radio navigation aids to be used for air navigation shall be —

(@) the Instrument Landing System (ILS);

(&) the Global Navigation Satellite System (GNSS);

{c} the VHF Omnidirectional Radio Range (VOR);

() the Nen-Directional Radio Beacon (NDB);

{e) the Distance Measuring BEquipment (DME),

() the En-Route VHE Marker Beacon; and

(g} microphone landing system (MI.S5).

(2) Differences in radio navigation aids specified in subregulation (1) shall
be published in an Aeronautical Information Publication (AIP).
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. {3) The ANS shall publish in an (AIP) auny radio navigation aid that is not an
118, but which may be used in whole orin part with aiccraft equipment designed
for use with an ILS,

6. (1) Aservice provider shall terminate a GNSS satellite service, provided by
one of its elements under the Requirements for the Global Navigation Satellite
System, on the basis of at least a sm-year advance notice.

(2) The Authority shall, upon approving the GNSS-based opemuons ensure
that GNSS data rejevant to those aperalions are recorded.

(3) The Authority shall retain recordings for a period of at Ieast 30 days.

(4) Where the recordings are pertinent to accident and incident investigations,
the Authority shall rctain such recordings for longer periods matil # is cvident
that they will no longer be required. .

7. (1) A precision approach radar (PAR) syslem where installed and operated
as-a radio navigation aid together with equipment for two-way communication
with aircraft and facilities for the efficient coordination of these elements with
air traffic control, shall conform to 1eguld.l10n 49,

(2) Where a radio navigation aid is provided to support precnsmn approach
and landing, it shall be supplemented, as necessary, by a source or sources
of guidance information which, when used in conjunction with appropriate
procedures, will provide effective guidance to, and efficient couplmg with, the
desired reference path.

8, (1) The precision approach radar system shali comprlse the following
slements —

{e) the Precision Approach Radar element (PAR); and

(£ the Surveillance Radar Element (SRE).

(2) Where the Precision Approach Radar only is used, the installation shall be
identified by the term “plecisicm approach radar” and not by the term “precision
approach radar system”.

8, The specifications for prec1510n apploach radar shall be as contained in
Schedule 1. .

10. Asurveillance radar used as the SRE of a precision approach radar system
sha]l qausfy thc pcrfol mance mqmrcments as contained in Qc:h{,du]c 1.

11, Ra(ho navigation aids of the types covered by the specnﬁcallons in
1egulatlons 5 to 174 and avaiiable for use by aircraft engaged in international air
nawgatmn shall be the subject of periodic ground and fiight tests as contained
in Schedule 4.

12. Aerodrome control towers and units providing approach control service
shall be provided with information on the operational status of radio navigation
services essential for approach, landing and take-off at the aerodrome with which
they are concerned, on a timely basis consistent with the use of the service
involved.

13. Radio navigation aids and ground elements of communication systems
shall be provided with suitable power supplies and means to ensure contmmly
of service, consistent with the use of the service involved.

14. Human factors principles shall be observed in the design and certification
of radio navigation aids.



{a) Instrument Landing System

15. (1) The ILS shall comprise the foliowing basic components —

(e} VHF localizer equipment, associated monitor system, remote control
and indicator equipment;

{b) UHE glide path equipment, associated monitor system, remaote conirol
and indicator equipment; and

(¢) DME or VHF Markers as a means to enable glide path verification
checks.

(2) Distance to threshold information shall be provided by cither VHF
marker beacons or Distance Measuring Equipment (DME} to enable glide path
verification checks together with associated monitor systems and remote control
and indicator equipment.

- (3). If one or more VHF marker beacons. are used to provide distance to
threshold information, the equipment shall conform to the specifications in
regulations 42 to 48,

- {(4) Pacility Performance Categories I, I and III — ILS shall provide
indications at designated remote-control points of the operational status of all
ILS ground system components, as follows —

(a) for all Category II and Category. I1I — ILS, the air traffic services unit
involved in the control of aircraft on the final approach shall be one
of the designated remote control points and shall receive information
on the operational status of the ILS, with a delay commensurate with
the requirements of the operational environment; and .

(b) fora Category I - ILS, if that IL.S provides an essential radio navigation
service, the air traffic services unit invelved.in the control of aircraft
on the final approach shall be one of the designated remote control points
and shall receive information on the operational status of the ILS, with
a delay commensurate with-the requirements of the operational
environment,

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

17. (1) The localizer and glide path components specified in regulation 15
(1) (a) and (&) which form part of a Facility Performance Category I - ILS
shall comply with regulations 20 to 41 respectively, except those in which the
application to Facility Performance Category I — ILS is prescribed,

(2) The localizer and glide path components specified in regulation 15 1 (@)
and (&) which form part of a Facility Performance Category 11 - ILS shall comply
with: the standards applicable to these components in a Facility Performance
Category I - ILS, as supplemented or amended by regulations 20 to 41 in which
the application to Facility Performance Category II - ILS is prescribed.

(3) The localizer and glide path components and other ancillary equipment
specified in regulation 15 (1} {(a} and (b}, which form part of a Facility
Performance Category III — ILS, shall otherwise comply with the standards
applicable to these components in Facility Performance Categories T and IT -
IL.S, except as supplemented by the standards in regulations 20 to 41 in which
application to Facility Petformance Category 111 - ILS is prescribed.
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18. The ILS shall be so designed and maintained that the probability of
operation within the performance requirements specified is of a high value,
consistent with the category of cperational performance concerned.

19. (1) Where two separate TLS facilities serve opposite ends of a single
runway, an interlock shall ensure that only the localizer serving the appreach
direction in use shall radiate, except where the localizer in operational use is
Facility Performance Category 1-ILS and not operationally harmful interference
results,

(2) Where two separate ILS facilities serve oppostte ends of a single runway
and where a Facility Performance Category I - ILS is to be used for auto-coupled
approaches and landings in visual conditions an interlock shait ensure that only
the localizer serving the approach direction in use radiates —

provided the other localizer serving the approach direction in use, radiates.

(3) Where ILS facilities serving opposite ends of the same renway or different
rumways at the same airport, usc the same paired frequencies, an interlock shall
ensure that only one facility shall vadiate at a time,

(4) Where there is a switching from one 1LS facility to another, radiation
from both facilities shall he suppressed for not less than 20 scconds., -

(b)Y VHF localizer and associated monitor

20, (1) The specifications of the VHF localizer and assocmted monitor shall
be as set out in Schedule 2.

(2} The radiation from the localizer antenna system shall produce a composite
field pattern which is amplitude modulated by a 90 Hz and a 150 Hz tone.

(3) The radiation field pattern shall produce a course sector with one tone
predominating on one side of the course and with the other tone predominating
on the opposite side.

(4) Where an observer faccs (he lacalizer from the approach end of a runway,
the depth of modulation of the radio frequesncy carrier due to the 150 Hz tone
shall predominate on the observer's right hand and that due to the 90 Hz tone
shall predominate on the obscrver’s left hand.

(5} All horizontal angles employed in specifying the localizer field patterns
shall originate from the céntre of the localizer antenna system which provides
the signals used in the front course sector.

21, (1) The localizer shall —

{a) operate in the band 108 MHz to 111.975 MHz; and

(&) where a single radio frequency carrier is used, the frequency tolerance

shall not exceed $.005 per cent;

(2) Where two radio frequency carriers are used —

(a} the frequency tolerance shall not exceed 0.002 per cent;

(b) the nominal band cccupied by the carriers shall be symmetrical about

the assigned frequency; and

(c) with all tolerances applied, the frequency separation between the carriess

shall not be less than 5 kHz nor more than 14 kHz,

(3) The emission from the localizer shall —

(@) be horizontally polarized; and - '

(b) the vertically polarized component of the 1dclfat10n an the course line shall

not cxceed that which corresponds to a DDM ertor of 0.016 when an
aireraft is positioned on the course line and is in a roll attitude of 20
degrees from the horizontal,



(4) For Facility Performance Category II localizers, the vertically polarized
component of the radiation on the course line shall not exceed that which
corresponds to a DDM error of 0.008 when an aircraft is positioned on the
comrse line and is in 4 roll aftitude of 20 degrees from the horizontat,

(5) For Bacility Performance Category IH localizers, the vertically polarized
component of the radiation within a sector bounded by 0.02 DDM either side
of the course line shall not exceed that which corresponds to a DDM error of
0.005 when an aircraft is in a voll attitude of 20 degrees from the horizontal,

(6) For Facility Performance Category Il localizers, signals emanating from
the transmitter shall contain no compenents which result in an apparemt course
line fluctuation of more than 0.005 DDM peak 1o peak in the frequency band
001 Hz to 10 Hz.

22. (1) The localizer shall provide signals sufficient to allow satisfactory
operation of a typical aircraft installation within the localizer and glide path
coverage sectors.

{2) Thelocalizer coverage sector shall extend from 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
lines

(6 31.5 km (17 NM} between 10 degrees and 35 degrees from the front
course line; and

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

{2) in all parts of the coverage volume specified in subregulation (1}, other
.than as specified in subregulations (3), (4) and (5), the field strength shall not
be less thar 40 microvolts (3 v) per metre {minus 114 dBW/m?),

(3) For Facility Performance Category I lecalizers, the minimuni field strength
-on the ILS glide path and within the localizer course sector from a distance of 18.5
km-(10 NM) to a height of 60 m (200 ft) above the horizontal planc containing
the threshold shall not be less than 90 jv per metre (minus 107 dBW/m?).

(4) For Facility Performance Category Il localizers, the minimum field
strength on the ILS glide path and withili the localizer course sector shall —

(@) not be less than 100 pv per metre (minus {06 dBW/m?) at a distance
of 18.5 km (10 NM) increasing to not less than 200 v per metre (minus
100 dBW/m?); and

(b) ataheight of 15 m (50 ft) above the horizontal planie containing the
threshold.

(5) For Facility Performance Category III localizers, the minimum field

strength on the ILS glide path and within the localizer course.sector shall —

() not be less than 100 gv per metle (minus 106 dBW/m?) at a distance of
18.5 km (10 NM};

(&) not increase to less than 200 pv per metre (minus 100 dBW/m?) at 6 m
(20 ft) ubove the horizontal plane containing the threshold;

(c) from this point to a further point 4 m (12 ft) above the runway centre
line, and 300 m.(} 000 ft) from the threshold in the direction of the
locatizer; and

(d) therveafter at a height of 4 m (12 ft) along the length of the runway in
the direction of the localizer, the field strength shall not be less than 100
pev per metre (minus 106 dBW/m?),

VHF localizer
coverage



VHE localizer

{6) The signals shall be reduced to as low a value as seven degrees.

(7). (1) Where coverage is achieved by a localizer using two radio frequency
carricrs, one carrier shall provide a radiation field pattern in the front course
sector and the other shall provide a radiation field pattern outside that sector,

(2) The ratio of the two carrier signal strengths in space within the front
course sector to the coverage limits specified in subregulation (1), shall not be
less than 10 dB.

(8} For Pacility Performance Category III localizers, the ratio of the two
carrier signal strengths in space within the front course sector shall not be less

23. (1) For Facility Performance Category I localizers, bends in the course

course struclure  Jine ghall not have amplitedes swhich exceed the following —
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(2} For Facility Performance Categories II and 1IN localizers, bends in the
course line shall not have amplitudes which exceed the following —
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24. (1) The nominal depth of modulation of the radio frequency carrier due
to each of the 90 Hz and 150 Hz tones shall be 20 per cent along the course line,

(2) The depth of modulation of the radio frequency carrier due to each of
the 90 Hz and 150 Hz tones shall be within the limits of 18 and 22 per cent.

(3) The lollowing tolcrances shall be applied to the frequencies of the
modulating tones —



{ar) the modulating tones shall be 90 Hz and 150 Hz within plus or minus
2.5 per cent;

(#) the modulating tones shall be 90 Hz and 150 Hz within plus or minus
1.5 per cent for Facility Performance Category Il instaliations;

{c) the modulating tones shail be 90 11z and 150 Hz within plus or minus 1

per cent for Facility Performance Category 11T installations;

{(d) the total harmonic coatent of the 90 Hz tone shall not exceed {0 per

cent;

(e) additionally, for Facility Performance Category HI localizers, the second

harmonic of the 90 Hz tone shall not exceed 5 per cent; and

(/) the total harmonic content of the 150 Hz tone shali not exceed 10 per

cent,

(4) For Facility Performance Category 1 — ILS, the modulating tones shall
be —

(@) 90 Hz; and

() 150 Hz within plus or minus 1.5 per cent where practicable.

{5). (1) For Facility Performance Category 11l localizers, the depth of
amptiitude modulation of the radic frequency casrier at the power supply
frequency or its harmonics, or by other unwanted components, shall not exceed
0.5 per cent,

(2) Harmonics of the supply, or other unwanted noise components that may
intermodulate with the 90 Hz and 150 Hz navigation tones ot their harmonics to
produce fluctuations in the course line, shall not exceed 0.05 per cent modulation
depth of the radio frequency carrier,

(6) The modulation tones shall be phase-locked so that within the half course
sector, the demodulated 90 Hz and 150 Hz wave forms pass through zero in the
same direction within —

(@) for Facility Performance Categories | and 1T localizers: 20 degrees; and

(b} for Facility Performance Category 111 localizers: 10 degrees, of phase

relative to the 150 Hz component, every haif cycle of the combined 90
Hz and 150 Hz wave form.

(7). (1) With two-frequency tocalizer systems, subregulation (6) shail apply to
each carrier and the 90 Hz modulating tone of one carrier shall be phase-locked
to the 30 Hz modulating tone of the other carrier so that the demodulated wave
forms pass through zero in the same direction —

{a) for Cateporics | and II localizers: 20 degrees; and

(&) for Category 11 localizers: 10 degrees, of phase relative to 90 Hz.

(2) Similacly, the [50 Hz tones of the two carriers shall be phase-locked so
that the demodulaied wave forms pass through 2ero in the same direction —

{a) for Categories I and If localizers: 20 degrees; and

(b) for Category LI localizers: 10 degrees, of phase relative to 150

Hez,

(8). (1} The Autherity shall authorize the use of alternative two-frequency
localizer systems that employ audio phasing different from the normal in-phase
cenditions described in subregulation (7).

(2) Subject fo subregulation (8) the 90 Hz to 90 Hz phasing and the 150 Hz
to 150 Hz phasing shall be adjusted to their nominal values to within limits
equivalent to those stated in subregutation (7).
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(9) The sum of the modulation depths of the radio frequency carrier due to
the 90 Hz and 150 Hz tones shall —

(a) nol exceed 60 per cent; or

{h) be less than 30 per cent within the required coverage.

(10) For equipment first instalied after 1st Tanuary 2000, the sum of the
modulation depths of the radio frequency carrier due to the 90 Hz and 150 Hz
tones shall —

(a) notexceed 60 per cent; or

() be less than 30 per cent within the required coverage,

(11) 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 shall not exceed —

{a) 65 per cent within 10 degrees of the cowrse line; and

(5) 78 per cent at any other point around the localizer,

{12) 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 shall —

(@) not exceed 65 per cent within 10 degrees of the course line; and

(b)) not exceed 78 per cent at any other point around the localizer.

(13) Undesired frequency and phase modulation on ILS localizer radio
frequency carriers that can affect the displayed DDM values in localizer receivers
shall be minimized to such extent as is practical.

25. (1) The mean course line shall be adjusted and maintained within limits
equivalent to the following displacements from the sunway centre line at the
ILS reference datum —

(@) for Facility Performance Category 1 localizers: plos or minus 10.5 m

(35 ft), or the linear equivalent of 0,015 DDM, whichever is less;

(p) for Fucility Performance Category I11ocalizers: plus or minns 7.5 m (25

fty; and

(¢) for Facility Performance Category I11 localizers: plus or minus 3 m (10

ft).

26. (1) The nominal displacement sensitivity within the half course sector
shall be the equivalent of 0.00143 DIDM/m (0.00044 DDM/fY) at the ILS
reference datum except that for Category I localizers, where the specified
nominal displacement sensitivity cannot be met, the displacement sensitivity
shall be adjusted as near as possible to that value.

(2) For Facility Performance Category I localizers on ronway codes | and
2, the nominal displacement sensitivity shall —

() be achieved at the ILS Point “B”; and

(b} maximum course sector angle shall not exceed six degrees,

(3) The lateral displacement sensitivity shall be adjusted and maintained
within the limits of plus or minus —

{a) 17 per cent of the nominal value for Facility Performance Categories I

and IL;

(6) 10 per cent of the nominal value for Facility Performance Category I1I

(4) For Facility Performance Category II — ILS, displacement sensitivity
shall be adjusted and maintained within the limits of plus or minus 10 per cent
where practicable,



(5) The increase of DDM shall be 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.

(6) From that angle to plus or minus 10 degrees, the DDM shall not be less
than 0.180 and from plus or minus 10 degrees to plus or minus 35 degrees, the
DDM shali not be less than 0,155,

(7) Where coverage is required outside of the plus or minus 35 degrees
sector, the DDM in the area of the coverage, excepi in the back-course sector,
shall not be less than 0,155,

27. (1) Facility Performance Categories I and II localizers may provide
aground-to-air radiotelephone communication channel to be operated
simultancously with the navigation and identification signals —

Provided that such operation shall not interfere in any way with the basic
localizer function,

(2) Category I localizers shall not provide such a radiotelephone
communication 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 gnidance, .

(3) If the radiotelephone communication channel is provided, it shall conform
with the following standards —

(@) the channel shall be on the same radio frequency carrier or carriers as
used for the localizer function, and the radiation shall be horizentally
polarized;

{B) where two carriers ave modulated with speech, the relative phases of
the modulations on the twoe carriers shall be such as to avoid the
occurrence of nulls within the coverage of the localizer; and

{¢) the peak modulation depth of the carrier or carriers due to the radiotelephone
communications shall not exceed 50 per cent but shall be adjusted so
that —

(i} the ratio of peak modulation depth due to the radiotelephone
communications to that due to the identification signal is
approximately 9:1, and

(it} the sum of modulation components due to use of the radiotelephone
channel, navigation signals and identification signals shall nat
exceed 93 per cent; and

(«) the andio frequency characteristics of the radiotelephone communication
channel shall be flat to within 3 dB relative (o the level at 1 000 Hz over
the range 300 Hz to 3 000 Hz.-

28. (1) The localizer shall —

(@) provide for the simultancous tiansmission of an  identification signal;

() be specific to the runway and approach direction, on the same radio
frequency carrier or carriers as used for the localizer function; and

(¢) the transmission of the identification signal shall not interfere in any
way with the basic localizer function.

(2) The identification signal shall —

() be produced by Class A2ZA modulation of the radio frequency carrier; or

(&) carriers using a modulation tone of 1 020 Hz within plus or minus 56 Hz.

(3) The depth of modulation shall be between the limits of § and 15 per
cent except that where 4 radiotclephone communication channel is provided,
the depth of modulation shall be adjusted so that the ratio of peak modulation
depth due o radicielephone communications to that due to the identification
signal modulation js approximately 9:1;
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(4) The emissions carrying the identification signal shall —

(@)
(&

be horizontally polarized; and

where two carriers are modulated with identification signals, the relative
phase of the modulations shall be such as to avoid the occurrence of
nutlls within the coverage of the localizer.

{5) The identification signal shall —

(@
{&)

employ the International Morse Code which consist of two or three
letters; or

be preceded by the International Morse Code signal of the letter “17,
followed by a short pause where it is necessary to distinguish the ILS
facility from other navigational facilities in the immediate arca.

(6) The identification signal shalt —

(@
)

be transmitted by dots and dashes at a speed corresponding to approximately
seven words per minute, and; _

shail be repeated at approximately equal intervals, not less than six times
per minule, at all times during which the localizer is available for
operational use.

(7) Where the transmissions of the localizer are not available for operational
usc after removal of navigation components, or during maintenatice or test
transmissions, the identification signal shall be suppressed and the dots shall
have a duration of 0.1 secend to 0,160 second.

{8) The dash duration shall —

(a)
(&)

{c)

be typically three times the duration of a dot;

the interval between dots or dashes shall be equal to that of one dot plus
or mibus 10 per cent; and

the interval between letters shail not be less than the duration of three
dots,

29, (1) For Facility Pecformance Categories I and III —

(@)
®»
(©

the localizer antenna system shall be located on the extension on the
centre line of the runway at the stop end;

the equipment shall be adjusted so that the course lines will be in a
vertical plane containing the centre line of the runway served; and

the antenna height and Jocation shail be consistent with safe obstruction
clearance practices.

(2) For Facility Performance Category I, the localizer antenna system shail
be located and adjusted as in subregulation (1), unless site constraints dictate
that the antenna be offset from the centre line of the runway.

36. (1) The automatic monitor systenl shall provide a warning to the
designated control points and cause one of the following to occor, within
the period specified in subregulation (5), if any of the conditions stated in
subregutation (2) persist —

(@)
)

radiation to cease; and
remaval of the navigation and identification components from the carvier.

(3) The conditions requiring initiation of monitor action shalk be the following —

(@)

for Facility Performance Category I localizers, a shift of the mean course
linc from the runway centre line cquivalent to more than 10.5 m (33 ft),
or the linear equivatent to 4.015 DDM, whichever is less, at the ILS
reference datum;



(b) forFacility Performance Category Il localizers, a shift of the mean conrse
line froin the rusway centre line equivalent to more than 7.5 m (25 fi)
at the ILS reference datum;, .

(¢} for Facility Performance Category 11 localizers, a shift of the mean
coutse line from the runway centre line equivalent to more than 6 m (20
ft) at the IL.S reference datom;

(@ inthe case of localizers in which the basic functions are provided by the

© nseof a single-frequency system, a reduction of power output to a tevel
such that any of the requirements of regulation 22,23 or 24 are no longer
satisfied, or to a level that is less than 50 per cent of the normal fevel
{whichever occurs first);

(e) inthe case of iocalizers in which the basic functions are provided by the
use of a two-frequency system, a reduction of power ontput for either
carrier to less than B0 per cent of normal, except that a greater reduction
to between 80 per cent and 50 per cent of normal may be permitted,
provided the localizer continues to meet the requirements of regulations
22,23 and 24; and

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

(3) In the case of jocalizers in which the basic functions are provided by the
use of a two-frequency system, the conditions requiring initiation of monitor
action shall include the case where the DDM in the required coverage beyond
plus or minus 10 degrees from the front course line, except in the back course
sector, decreases below 0,155,

(4) The total period of radiation, including period{s) of zero radiation,
outside the performance limits specified in subregulation 2 shall be as short
as practicable, consistent with the and need for avoiding interruptions of the
navigation service provided by the localizer,

(5) The total period referred to under subregulation (4) shall not exceed
under any circumstances —

() 10 seconds for Category 1 localizers;

(&) 5 seconds for Category II localizers; and

(¢} 2 seconds for Category Il localizers.

(6) Where practicable, the total period under subregulation (5) shall be
reduced so as not to exceed two seconds for Category II localizers and one
second for Category 111 localizers.

(7) Design and operation of the monitor system shall be consistent with the
nequilcmcnt that navigation guidance and identification will be removed and a
warning provided at the designated remote- control points int the event of failore
of the moniter system itself,

31. (1) The probabitity of not radiating faise guidance signals shall not be
less than 1 - 0.5 x 10%in any one landing f01 Facility Performance Categories
iI and III localizers,

(2) The prabability of not radiating false guidance stgnals shall not be less than
1 - 1,0 % 10% in any one landing for Facility Performance Category Ilocalizers.

(3) The probability Uf not losing the radiated guidance signal shall be greater
than —

{0) 1 -2 x 10%in any period of 15 seconds for Facility Performance
Category I localizers or localizers intended to be used for Category I11
A operations (equivalent to 2 000 hours mean time between outages);
and
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{b) 01 -2 x 10 in any pericd of 30 seconds for Facility Performance

Category Il localizers intended to be used for the full range of Category.

III operations {equivalent to 4 000 hours mean time between outages).

(4) The probability of nct losing the radiated guidance signal shal! exceed

1 —4 % 10% in any period of 15 seconds for Facility Performance Category I
lecalizers (equivalent to 1 000 hours mean time between outages).

Interference - 32, (1) The ILS localizer receiving system shall provide adequate immunity
1“‘?““‘”’ Lo interference from two-signal, third order inter modulation products caused by
Bele ¢, VHF FM broadeast signals having levels in accordance with the following —
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(2) The ILS localizer re_ceiving system shall not be desensitized in the
presenice of VHE 1M broadcast signals having levels in accordance with the
following table —

Maxirmum level of unwanted Frequency signal at receiver input

Maxtwrin laval of emvwanied

Frequency signat at recetver inpit
(M) fdBm}

48-502 +3i5

104 +10

L0¢ +5

107.9 L]

{c} UHF glide path equipment and associated monitor

UHF glide path 33, (I)The specifications of the UHF glide path and assocmted monitor shall
and nssociated  he ag set out in the Schedule 3.
menitor (2) The radiation from the UHF glide path antcnna system shali produce a
specifications
composite field pattern which is amplitude modulated by a —
(a} 90 Hz; and
(B a 150 Hz tone.
(3) The composite field pattcm shall -~
(@) be arranged to provide a straight line descent path in the vertical planc
containing the centre line of the runway;
(b) be the 150 Hz tone predominating below the path
(¢} and be 90 Hz tone predominating above thc path to at least an angle
cqual to 1.75 6. :
{(4) The ILS glide path angle shatl —
{g) be three degrees,



(b) ILS glide path angles in cxcess of three degrees shall not be used except
where alternative means of satisfying obstruction clearance requirements
are impracticable.

(5} The glide path angle shall be adjusted and maintained within —

(a) 0.075 8 from O for Facility Performance Categories I and II — LS glide

aths;

&) 8.04 6 from 0O for Facility Performance Category 11T — TLS glide paths,

(6) The downward extended straight portion of the ILS glide path shall

pass through the ILS reference datum at a height ensuring safe guidance over

obstructions and also safe and efficient use of the.ranway scrved.

{7) The height of the ILS reference datum for Facility Performance Categories
IT and IT} — ILS shall be 15 m (50 ft) and a tolerance of plus 3 m (10 ft) is
petmitted.

{8) Theheight of the ILS refemnce datum for Facility Performance Category
1 — ILS shall be {5 m (50 ft). A tolerance of plus 3 m (10 ft) shall be permitted,

(9) The height of the ILS reference datuim for Facility Performance Category
1 — ILS used on short precision approach runway codes 1 and 2 shalt be 12 m
(40 ft}. A tolerance of plus 6 m (20 ft) is permilted, :

34. (1) The glide path equipment shall operate in the band 328.6 MHz to
335.4 MHz where a single radio frequency carrier is used and the frequency
tolerance shall not exceed (1005 per cent.

(2) Where two carrier glide path systems are used —

(a) the frequency tolerance shall not exceed 0.002 per cent; )

(h) the nominal band accupied by the carriers shall be symmetrical about

the assigned frequency; and

{c) withalltolerances applied, the frequency separation between the carriers

shall not be less than 4 kHz nor more than 32 kHz, .

(3) The emission from the glide path equipment shall be horizontally
polarized.

(4) For Facility Performance Category NI — ILS glide path equipment,
signals emanating from the transmitter shall contain no components which result
in apparent glide path fluctuations of more thar 0.02 DDM peak to peak in the
frequency band 0.0{ Hz to 10 Hz.

35. (1) The glide path equipment shall provide signals sufficient to
allowsatisfactory operation of a typical aircraft installation in sectors of 8 degrees
in azimath on cach side of the centre line of the ILS glide path, to a distance of
at least 18.5 km (10 NM) up ta 1.75 9 and down to 0.45 0 above the horizontal
" oric such lower angle, down'to 0,300, as required to safeguard the promulgated
glide path intercept procedure. '

(2} In order to provide the coverage for glide path performance specified in
subregulation (l) —

(a} the minimuom ficld strength within this coverage sector shall be 400

microvolts per metre minus 95 dBW/m2; and

(b} for Pacility Performance Category 1 glide paths, this field strength shalk

be provided down to a height of 30 m (100 ft.) above the horizontal
plane containing the threshold.

(3) For Facility Performance. Categories II and III glide paths, the field
strength shali be provided down to a height of 15 m (50 ft.) above the horizontal
plane containing the threshold.

36. (1) For Facility Performance Categary I — ILS glide paths, bends in the
glide path shall not have amplitudes which exceed the following —
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(2) Far Facility Performance Categories Il and III — ILS glide paths, bends
in the glide path shall not have amplitudes which cxeecd the following —

37. (1) The nominal depth of modulation of the radio frequency carrier due to
each of the 90 Hz and 150 Hz tones shall be 40 per cent along the ILS glide path.

(2) The depth of modulation shall not deviate outside the Hmits of 3? 5 per
cent to 42.5 per cent.

(3) The following tolerances shall be applied to the frequencies of the
modulating tones —

(@) the modulating tones shall be 90 Hz and 150 Hz within 2.5 per cent for

Facility Performance Category T — IL.S;

(b} the modulating tones shall be 90 Hz and 150 Hz within 1.5 per cent for
Facility Performance Category IT — ILS; '

c) the modulating tones shall be 90 Hz and 150 Hz within 1 per cent for
Facility Performance Category III — ILS;

() the total harmonic content of the 90 Hz tone shall not exceed 10 per
cent and additionally and for Facility Performance Category I
equipment, the second harmonic of the 90 Hz tone shall not exceed 5
per cent; and

{e) the total harmonic content of the 150 Hz tone shall not exceed 10 per
cent.

(4) For Facility Performance Category I — I1.S, the modulating toncs shall

be 90 Hz and 150 Hz within plus or minus 1.5 per cent where practicable,

(5) For Facility Performance Category Il glide path equipment, the depth
of amplitude modulation of the radio frequency carrier at the power sopply
frequency or harmonics, or at other noise frequencies, shall not exceed one
per cent. ’

(6) The modulation shall be phasc-locked 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 —

(a) for Facility Performance Categories I and If — ILS gllde paths 20

degrees; and

(b) for Facility Performance Category III — ILS glide paths: 10 degrees, of
phasc relative to the 150 Hz component, every half cycle of the combined
90 Hz and 150 Hz wave form.

(7) With two-frequency glide path systems, subregulation (5) shall apply
to each catrier and in addition, the 90 Hz modulating tone of one carrier shall
be phase-locked to the 90 Hz modulating tone of the other carrier so that the
demodulated wave forms pass through zero in the same dircetion —

(«) for Categories I and II — ILS glide paths: 20 degrees;

(b) for Category 11l — ILS glide paths: 10 degrees, of phase relative to 90

Hz; and
(¢} similarly, the £50 Hz tones of the two carriers shall be phase-locked so
that the demodulated wave forms pass through zero in the same direction —
(i} for Categories T and IT — ILS glide paths: 20 degrees;
(ity for Category LIl — ILS glide paths: 10 degrees, of phase relatlve
to 150 Hz,



(8) The Authority may permit alternative two-freguency glide path systems
that employ radio phasing, different from the normal in-phase condition
described in subregulation (6).

(9) Where alternate two frequency glide path systems are permitted, the 90
Hz to 90 Hz phasing and the 150 Hz to 150 Hz phasing shall be adjusted to their
nominal values to within limits equivalent to those stated in subregulation (6).

(10) Undesired frequency and phase modulation on ILS glide path radio
frequency carriers that can affect the displayed DDM values in glide path
receivers shail be minimized to such an extent as is practical.

38. (1) For Facility Performance Category I — ILS glide paths, the nominal
angular displacement sensitivity shall correspond to a DM of 0.0875 at angular
displacements above and below the glide path between 0.07 8 and 0.14 6.

(2) For Facility Pecformance Category IF — ILS glide paths, the angular
displacement sensitivity shall be as symmetrical as practicable and the nominal
angular displacement sensitivity shall correspond to a DDM of 0.0875 at an
angular displacement of — ' _

(@} 0.12 0 below path with a tolerance of plus or minus 0.02 ; and

(b} 0.12 8 above path with a tolerance of plus 0.02 © and minus 0.05 9.

(3) For Facility Performance Category III — ILS glide paths —

(@) thenominal angular displacement sensitivity shall cortespond to a BDM

of 0.0875; and

(b) at angular displacements above and below the glide path of 0.12 6 with

a tolerance of plus or minus 0.02 0.

{4) The DDM below the ILS glide path shaill increase smoothly for decreasing
angle until a valvue of 0.22 DDM is reached.

(5) The value referred to in subregulation (47, shatl be achieved at an angle
not less than 0,30 O above the horizontal.

(6). If the DDM below the ILS glide path is achieved at an angle above 0 45
f}, the DDM value shall -

(@) not be less than 0. 22

(b) at lzast down to 845 8 or to such lower angle; and

(¢} bedownto0.300,as 1equued to safeguard the promulgated glide path

intercept procedure.
(6) The angular displacement sensitivity shall be adjusted and maintained
within plus or minus 25 per cent of the nominal value selected, For Pacility
Performance Category I — LS glide paths,
(7) The angular displacement sensitivity shall be adjusted and maintained
within plus or minus 20 per cent of the nominal value seiected, For Pacility
Performance Category IT — I1.S glide paths,
(8) The angular displacement sensitivity shall be adjusted and maintained
within plus or minus I35 per cent of the nominal value selected, For Facility
Performance Category 1T — TS glide paths
39, (1) The automatic monitor system shall provide & warning to the
designated control peints and cause radiation to cease within the periods specified
in subregulation {(4) if any of the foliowing cenditions persist —
(@) shift of the mean ILS glide path angle equivalent to more thau minus
0.075 0 to plus 0,10 0 from O;

(b) inthe case of ILS glide paths in which the basic functions are provided
by the use of a single-frequency system, a reduction of power cutput fo
less than 50 per cent of novmal —
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Provided the glide path continues to meet the requirements of
Regulations 33, 36 and 37,

{c} 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 and 50 per cent of normal may be
permitted: provided the glide path continues to mect the requirements
of Reguiations 35, 36 and 37,

{h) for Facility Performance Category | — ILS 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.G875 is realized by more than
the greater of —

(i) plus, or minus 00375 6; or
(ii) an angle equivalent to a change of displacement scnsnmty toa
value differing by 25 per cent from the nominal value;

(¢) forFacility Performance Categories Il and IIf — ILS glide paths, a change
.of displacement sensitivity to a value differing by more than 25 per cent
from the nominat value;

{(} lowering of the line beneath the ILS glide path at which a DDM of 0.0875
is realized to less than 0.7475 0 from horizontal; and

(¢) areduction of DIDM to less than 0,175 within the specified coverage
below the plide path sector.

(2y Monitoring of the ILS glide path characteristics to smaller tolerances
shall be arranged in those cases where operational penaltics would otherwise
exist.

(3) The total period of radlatton including period{(s) of zero radiation,
putside the pcrfmmanw limits speciiied in subregulation (1) shall be as short as
practicable, consistent with the need for avoiding interruptions of the navigation
service provided by the ILS glide path.

{4) The total period referred o under subregulation (3), shall not exceed
under any circumstances —

(@) six seconds for Category I — ILS glide paths; and

(b) two scconds for Categories Il and 1If — ILS glide paths.

(5} ‘Where practicable, the total period specified under subregulation (4) for
Categories 1T and IIT — ILS glide paths, shail not exceed one secand.

(6) Dcsign and operation of the monitor system shall be consistent with the
requirement that radiation shall cease and a warning shall be provided at the
designated remote-control points, in the event of failure of the monitor system.

48. (1) The probability of not radiating false guidance signals shall not be

Jless than 1 — 0.5 x 10°,in any one landing for Facility Performance Categories

Il and W1 glide paths.

(2) The probability of not radiating false guidance signals shall not be less
than 1 — 1.0 x 107 in any one landing for ‘acility Performance Category I glide
paths,

(3) The probability of not losing the radiated guidance signal shall be
greater than 1 — 2 x 107 , in any period of 15 seconds for Facility Performance
Categorics IT and ITE glide paths {cquivalent to 2 000 hours mean time between
oufages).

(4) The prabability of not losing the radiated guidance signal, shall exceed
1 — 4 % 10¢ in any period of 15 seconds for Facility Performance Category I
glide paths {equivalent to 1 000 hours mean time between outages).



41. (1) The pairing of the runway localizer and glide path transmitter
frequencies of an instrument landing system shall be taken from the following list
in accordance with regulation 35 and the provisions of Statutory Instrument No,
44 Civil Aviation (Radio Frequency Spectrum Utilization) Regulations, 2020,

Locoliter

(e feh

1081
108.15
1083
108.33
1083
108.55
108.7
108.73
108.9
10895
109.1
109.13
1093
10835
1035
109 5%
102.7
10915
1099
109.93

(2) In those regions where the requirements for runway localizer and glide
path transmitier frequencies of an instrument landing system do not justify
more than 20 pairs, they shall be selected sequentially, as required, from the

following list —

Seguentce
nranher

Lol R e

Glide path
Al

347
INSS
344
31385
1183
393
o3
33035
1193
32015
314
AN
e
33185
3326

1245

3332
3308
334
333.65

Localizer
{MHa}

ol
110.13
1003
11035
1165
11055
142
e
11039
110.95
mai
LS
113
11135
ML
113 55
neT
1L
11y
11195

Localtzer

(MHz)

163
109.9
109.5
Lot
1003
109.3
1031
1109
110.7
110.5
i08.1
1093
108.5
108.7
108.9
111}
113
1115
1112
119

Glida path
AfH}

344
33425
1880
31485
3296
31945
130.2
340,05
3504
3106
3L
33155
323
33215
g
1.7
M
33335
3Ll
33095

Qlide path
MiHz)

3350
s
1326
3344
3332
3320
3114
3308
130.2
329.6
3347
31341
1299
3305
125.3
3317
3323
3329
3335
1311
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(3) Where existing ILS localizers meeting national requivements are operating
on frequencies cnding in even tenths of a megaheriz, they shall be reassigned
frequencies, conforming with regulation 41 or subregulation 2 as soon as
practicable and may continue operating on their present assignments only until
this reassignment can be effected.

(4) Existing ILS localizers in the international service operating on
frequencies ending in odd tenths of a megahertz shall —

(@) not be assigned new frequencies ending in odd tenths plus one twentieth
of a megahertz; and

{b) where, by regional agreerent, general use may be made of any of the

channels listed in regulation 41 of the Civil Aviation (Radio Frequency
Spectrum Utilization) Regulations, 2020,

{d) VYHF marker beacon

42. (1) There shall be two marker beacons in each instalation except where,
in the opinion of the Authority, a single marker beacon is considered to be
sufficient.

(23 A third marker beacon may be added whenever, in the opinion of the
Authority, an additional beacon is required because of operational proccdures
at a particular site.

(3) A marker beacon shall conform to the requirements prescribed in
regulation £5 to 19 of these Regulations.

{4} Where the installation comprises only two marker beacon, the reguirements
applicable to the middle marker and to the outer marker shail be complied with,

{5) Where the installation compriscs only one marker beacon, the requirements
applicable to either the middle or the outer marker shall be complied with and
if marker beacons are replaced by DME, the requirements of regulation 47 (10)
shall apply.

(6) The marker beacons shall produce radiation patterns to indicate
predetermined distance from the threshold along the ILS glide path.

(7) Where a marker beacon is used in conjunction with the back course of
a localizer, it shall conform to the marker beacon characteristics specified in
regulation 15 to 19 of this Regulations.

(8} Identification signals of marker beacons used in conjunction with the back
course of a localizer shall be clearly distinguishable from the inner, niiddle and
outer marker beacon identifications, as prescribed in regulation 46,

43. The marker beacons shall operate at 75 MHz with a frequency tolerance
of plus or minus 0.005 per cent and shall ntilize horizontal polarization.

44. (1) The marker beacon system shall be adjusted to provide coverage over
the following distances, measured on the ILS glide path and localizer course
line —

(¢) inner marker; 150 m plus or minus 50 m (500 ft pius or minus 160 ft);

(&) middle marker: 300 m plus or minus 100 m (1 000 ft plus or minus 323

f1); and

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

ft).

45, (1) The modulation frequencies shall be as follows —

(a) inner marker: 3 000 Hz;

(£} middle marker: { 300 Hz; and

(c) outer marker: 400 Hz.



(2) The frequency tolerance of the above frequencies shall be plus or minus
2.5 per cent, and the total harmaonic content of each: of the frequencies shall not
exceed 15 per cent. .

(3) The depth of modulation of thc markers shall be 35 per cent plus or
minus 4 per cent,

46, A carrier energy shall not be interrupted and the audio frequency
modulation shall be keyed as follows —

(&) inner marker: G dots per second conlmuously,

(&) middle marker: a continnous 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; and

{¢) outer marker: 2 dashes per second contmuously These keying rates shall
be maintaincd lo within plus or minus {5 per cent.

47. (1) An inner marker shall be located so as to indicate in low visibility

cenditions the imminence of arrival at the runway threshold.

(2) If the radiation pattern is vertical, the inner marker, when installed, shall
be located between 75 m (250 ft) and 450 m (1 500 {1} froin the threshold and
at not more than 30 m (100 ft) from the extended cenire line of the runway.

(3) If the radiation patiern is other than vertical, the equipment shall be located
80 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 & vertical pattern
and located as prescribed in subregulation €2).

(4) The middle marker shall be located so as to indicate the imminence, in
low vistbility conditions, of visual approach guidance.

(5) Where the radiation paitern is vertical, the middle marker shali be located
1050 m (3 500 ft) plus or mitus 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
cxtended centre line of the runway.

(6) Where the radiation pattern is other than vertical, the equipment shail
be located so as to produce a field within the course sector and ILS glide path
scelor that is substantially similar to that produced by an antenna radiating a
vertical pattern and Jocated as prescribed in subregulation (5).

(7} The outer marker shall be located so as to provide height, distance and
cquipment functioning checks to aircrafl on intermediate and final approach,

(8) The outer marker shall 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 cuter marker may be located between 6.5 and 11,1 km (3.5 and
6 NM) from the threshold.

{9y Where the radiation pattern is vertical, the outer marker shall not be more

.than 75 m (250 f) from the extended centre line of the ronway.,

(10y Where the radiation pattern is not vertical, the equipment shall —

(g} be located 50 as {o produce a field within the course sector; and

(5} shall have an ILS plide path sector that is substantially similar to that
produced by an antenna radiating a vertical pattern.

(11}. The positions of marker beacons, or where applicable, the equwalent
distance(s) indicated by the DME when used as an alternative to part or all of
the marker beacon component of the ILS shall be published in accordance with
the provisions of Civil Aviation (Aeronautical Information Services) regulation,
2020,
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(12) When so used, the DME shall provide distance information operationally
equivalent to that furnished by marker beacon(s). ’

{13) When used as an alternative for the middle marker, the DME shall be
frequency paired with the ILS localizer and sited so as to minimize the error in
distance jnformation.

(14) The DME reffered to in subregulation (10) shall conform to the
specification in regulation 71 to 81. )

48. (1) Suitable equipment shall provide signals for the operation of an
aufomatic monitor and the monitor vhall transmit a warning to a control point
if either of the following conditions arise —

~ {a) failure of the modulation or keying; and

(b} reduction of power output to less than 50 per cent of normal,

(2) Foreach marker beacon, suitable monitoring equipment shatl be provided
which will indicate at the appropriate location a decrease of the modulation
depth below 50 per cent.

(e) Specification for precision approach radar system

49. (1) The precision approach radar system shall comprise the following
elements —

{a) the precision approach radar element (PAR); and

{F) the surveillance radar element (SRE),

{2) Where the PAR only is uscd, the installation shall be identified by the
term PAR or precision approach radar and not by the term “precision approach
radar system”.

{f) The precision appreach radar element (PAR)

50. The PAR shall be capable of detecling and indicating the position of an
atreraft of 15m? echoing area ot larger, which is within a space bounded by a
20-degree azimuth sector and a 7-degree elevation sector, to a distance of at
least 16.7 km (9 NM) from its respective antenna. '

51. The PAR shall be sited 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 azimuth and from minus | degree to plus 6
degrees in elevation.

52 (1) Azimuth information shall be displayed in such a manner that —

{a) left-right deviation from the on-course line shalt be easily observable;

(5} the maximum permissible crror with respect to the deviation from the
on-course Jine shall be either .6 per cent of the distance from the PAR
antenna plus 10 per cent of the deviation from the on-course line or 2
m (30 ft), whichever is greater; '

(c) the equipment shall be so sited that the etror at the touchdown shall not
exceed 9 m (30 ft) and the equipment shall be so aligned and adjusted that
the displayed error at the touchdown shall be a minimum and shall
not exceed 0.3 per cent of the distance from the PAR antenna or 4.5 m
(15 ft), whichever is greater; and

(d) it shall be possible to resolve the positions of two aircraft which are at

"1t degrees in azimuth of one another.



(2} Elevation information shall be displayed in such a manner that —

{a) up-down deviation from the descent path for which the equipment is set
shall be casily observable;

{£) the maximum permissible error with respect to the deviation from the
on-course line shall be 0.4 per cent of the distance from the PAR antenna
plus 10 per cent of the actual linear displacerment from the chosen descent
path or 6 m (20 {t}, whichever is greater;

(c) the equipment shall be so sited that the eror at the touchdown shall
not exceed 6 m (20 ft) and the equipment shall be so aligned and adjusted
that the displayed error at the touchdown shall be a minimam and shall
not exceed 0.2 per cent of the distance from the PAR antenna or 3 m (10
ft), whichever is greater; and

{d} it shall be possible to resolve the positions of two aircraft that are at 0.6
degree in clevation of one another.

{3) The error in indication of the distance from (he touchdown shall —

{a) not exceed 30 m (100 ft) plus 3 per cent of the distance from the
touchdown; and

(b) be possible to resolve the positions of two aircraft which are at 120 m
(400 ft) of one another on the same azimuth,

{4) Information shali —

(a) be made available to permit the position of the controlled aircraft to be
established with respect to other aircraft and obstructions;

(&) also permit appreciation of ground specd and rate of departure from or
approach to the desired flight path; and

(c) be completely renewed at least once every second,

(g) The surveiliance radar element (SRE)

53. Asurveillance radar used as the SRE of a precision approach radar system
shall satisfy at least the following broad performance requirements,

54, (1) The SRE shall be capable of detecting aircrafl of [5m?echoing arca
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 0.5 degrees above the horizontal plane of the
antenna, extending from the antenna to 46.3 ki (25 NM);

(¢ry by a vertical line at 46.3 km (25 NM) from the intersection with the

0.5-degrec line up to 3000 m {10 000 ft) above the level of the antenna;

(H) by ahorizontal line at 3 000 m (10 000 ft} frem 46.3 ki (25 NM) back

towards the antenna to the intersection with a line from the antenna at
20 degrees above the horizontal plane of the antenna; and

(c) and by a 30-degree line from the intersection with the 3 000 m (10 000

ft) line to the antenna.

55. {1) The indication of position in azimuth shail -

(@) bewithin plus or minus two degrees of the true position; and

(&) be possible to resolve the positions of two aircraft which are at four

degrees of azimuth of one another.

(2} The error in distance indication shall —

(a) not exceed five per cent of true distance ot 150 m (500 ft), whichever is

the greater; and
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{b) shall be possible to resclve the positions of two aircraft that are separated
by a distance of | per cent of the true distance from the point of
observation or 230 m (750 ft), whichever is the greater.

(3) The error in distance indication shall not exceed 3 per cent of the true

distance or 150 m {500 ft}, whichever is the greater.

{4) The equipment shall 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 four seconds,

(5) Efforts shall be made to reduce, as far as possible, the disturbance caused
by ground echoes or echoes from clonds and precipitation.

(h) Specification for VAHF Omnidirectional Radio Range (VOR)

56. (1) The VOR shall —

(a) be constructed and adjusted so that similar instrumentat indications
in aircraft represent equal clockwise angular deviations (bearings),
degree for degree from magnetic North as measured from the location
of the YOR,; and

{(b) radiate aradio frequency carrier with which arc associated {wo scparate
30 Hz modulations.

(2} Subject to subregulation (1) —

{a) these modulations shall be such that its phase is independent of the
azimuth of the point of cbservation (reference phase}; and

{b) the other modulation {variable phase) shall be such that its phase at the
point of observation differs from (hat of the reference phase by an angle
equal to the bearing of the point of observation with respect to the VOR.

57. (1) The VOR shall —

(@) operate in the band 111.975 MHz 1o 117.975 MHz; and

(b) operate in frequencies in the band 108 MHz to 111.975 MHz in
accordance with the provisions of the Civil Aviation (Radic Frequency
Spectrum Ulilization) Regulations, regulations 35 and 36 (4).

(2} The highest assignable frequency shall -

(&) be 117950 MHz and the channel separation shall be in increments of
50 kHz referred to the highest assignable frequency; and

(5) in areas where 100 kHz or 200 kHz chanuel spacing is in general use,
the frequency tolerance of the radio frequency carrier shall be plus or
minus 0.005 per cent.

(3) The frequency tolerance of the radio frequency carrier of all new
installations implemented after 23 May 1974 in arcas where 50 kHz channel
spacing is in use, shall be plus or minus 0.002 per cent.

{4) Inareas where new VOR installations are implemented and are assigned
frequencies spaced at 50 kHz from existing YORs in the same avea, priority
shall be 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.

58. {1) The cmission from the VOR shall —

(@) be horizontally polarized; and

(b) the vertically polarized component of the radiation shali be as small as
possible,



(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 G and 40 degrees, measured from the centie of the VOR antenna
system, shall be within plus or mins 2 degrees.

59, (1) The VOR shall provide signals such as to pernit satisfactory operation
of alypicat atreraft installation at the levels and distances required for operational
reasons, and up to an elevation angle of 40 degrees.

{2) The field strength or power density in space of VOR signals required to
permit satisfactory operation of a typical airevaft installation at the minimum
service level at the maximum specified service vadivs shall be 90 microvolits
per metre or minus 107 dBW/m?,

60. (1) The radio frequency carrier as observed at any point in space shatl
be amplitude medulated by two signals as follows —

(«r) subcarrier of 9 960 Hz of constant amplitude, frequency maodulated at

30Hz - -

(i} for the conventional YOR, the 30 Hz component of this
FM subcarrier is fixed without respect to azimuth and is
termed the “reference phase” and shall have a deviation ratio
of 16 plus or minus 1, and

(ii) for the Doppler VOR, the phase of the 30 Hz component
varies with azimuth and is terimed the *““variable phase” and
shall have a deviation ratio of 16 plus or minus 1 when
abserved al any angle of elevation up o 5 degrees, with a
minimum deviation vatio of 11 when cbserved at any angle
of elevalion above 5 degrees and up 1o 40 degrees; and

(#) &30 Hz amplitude modualation component —

(1) forthe conventional VOR, this component results from a rotating
field pattern, the phase of which varies with azimuth, and is termed
the “variable phase”, and

(ii} for the Doppler VOR, this companent, of constant phase with
relation to azimuth and constant amplitude, is radiated Omni
directionalty and is termed the “reference phase”.

(2) The nominal depth of modulation of the radio frequency carrier due to
the 30 Hz signal or the subcarrier of 9 960 Hz shall be within the limits of 28
per cent and 32 per cent.

{3) The depth of medulation of the radio frequency carrier due o the 30 Hz
signal, as observed at any angle of elevation up to 5 degrees, shall be within
the limits of 25 to 35 per cent.

{4) The depth of modulation of the radio frequency carrier due to the 9260 Hz,
signal, as observed al any angle of clevation up Lo five degrees, shall be within
the limits of 20 to 35 per cent on facilities without veice modulation, and within
the limits of 20 to 35 per cent on facilities with voice modulation.

(5) The variable and reference phase modulation frequencies shall be 30 Hz
within plus or minus | per cent.

{8) The subcarrier modulation mid-frequency shall be 9 960 Hz within plus
or minus one per cent.

{7) Percentage of amplitude modulation for the —

{a) the conventional VOR, the percentage of amplitude moduiation of the

9 960 Hz subcarvier shall not exceed five per cent;
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(5 Doppler VOR, the percentage of amplitude modulation of the 9360 Hz
subcarrier shall not exceed 40 percent when measured al a paint at least
300 m (1 000 ft) from the VOR,

(8) Where 50 kHz VOR channel spacing is implemented, the sideband level
of the harmonics of the 9 960 Hx component in the radiated signal shall not
exceed the following levels referred to the levei of the 9 960 Hz sideband —

61. (1) Where the VOR provides a simultaneous communication channel
ground-to air, it shall be on the same radio frequency catrier as used for the
navigational functioin.

{2) The radiation on the simnitaneons communications channel shall be
horizontally polarized.

(3} The peak modulation depth of the carrier on the simultaneous
communication channel shall not be greater than 30 per cent.

(4) The audio frequency characteristics of the speech channel shall be within
3 dB relative to the level at 1000 Hz over the range 300 ¥z to 3000 Hz,

{3} The VOR shall provide for the simultaneous transmission of a signal of
identification on the same radio frequency carrier as that used for the navigational
function.

{6) The identification signal radiation shall —

{a) be horizontally polarized; and

(b) the identification signal shall employ the International Morse Code

and consist of two or thiee ketters and shall be sent at a speed conesponding
to approximately seven words per minute.

(') The identification signal shall be repeated at least once every 30 seconls
and the modulation tone shall be 1624 Hz within pius or minus 50 Hz.

(8) The identification signal shall be transmitied at least three times each 30
seconds, spaced equally within that time period.

(9 One of these identification signals may take the form of a voice
identification.

(10} The depth to which the radio frequency carrier is modulated by the code
identification signal shall be close to, but not in excess of {0 per cent:
Provided that, where a communication channel is not provided, it shall be
permissible to increase the modulation by the code identification signal to a
value not exceeding 20 per cent.

(11) Where the VOR provides a simultaneous communication channel
ground-to- air, the modulation depth of the code identification signal shall be five
plus or minus gne per cent in order to provide a satisfactory voice quality.

(12) The transmission of speech shall —

(e} not interfere in any way with the basic ravigational function; and

(5} when speceh is being radiated, the code identification shall not be

suppressed,

{13} The VOR receiviag function shall permit positive identification of the
wanted signal under the signal conditions cncountered within the specitied
coverage limits, and with the modulation parameters specified at subregulation
(5), (6) and (7).

62. (1) Suitable equipment located in the radiation field shall provide signals
tor the cperation of an automatic monitor.

(2) The monitor shall transniit a warning to a control point, and cither remove
the identification and navigation components from the carrier or cause radiation
fo cease if any one or a combination of the following deviations from established
conditions avises —



{a) change in excess of one degree at the monitor site of the bearing
information transmitted by the VOR; and
(&} areduction of 15 per cent in the modulation componenis of the radio
frequency signals voltage level at the monitor of either the subcatrier,
or 30 Hz anplitude modulation signals, oy both,
(3) Failure of the monitor itself shall transmit a warning to a control point
and either - -
{a} remove the identification and navigation components from the carrier;
or
{b) cause radiation to cease,
63. (1) The VOR receiving system shall provide adequate imsunity to
interference from two signal, third-order intermodulation prodoets caused by
YHF FM broadeast signals having levels in accordance with the following —

N A T250
for VIIF CM souod brogdeastioge stgnals I the range 107.7 - E08.G MI52
and

2,4 Ny +3[24u2n bg(%)sﬂ

for VHF FM sound troadcasting signals below 107.7 MHz,

(2) Where the frequencies of the two YVHE M sound broadeasting signals
produce, within the receiver, a two signal, third-order inter modulation product
on the desired VOR frequency,

(3) N?areihe levels (dBm) of the two VHF FM sound broadcasting signals
at the VOR receiver input and neither level shall exceed the desensitization
criteria set forth in subregulation (2).

(4) Af= 1081 - £, where ! is the frequency of N!, the VHF FM sound
broadcasting signal closer to 108.1 MHz,

{5} The VOR receiving sysiem shall not be desensitized in the presence
of VHF BM broadcast signals having levels in accordance with the following

table — Mzt fraof of
Trogsiny wlszided shradat
LU FTies s
{m!
85102 +3
1ol +1o
196 +5
U] -1

(i) Specification for non-divectional radio beacon (NDB)

64. (1) The mininwn value of field strength in the rated coverage of an NDB
shall be 70 microvolts per metre,

(2) All notifications or promulgations of NDBs shall be based upon the
average radius of the rated coverage.

(3) Where the rated coverage of an NDB is materially different in various
operationally significant sectors, its classification shall 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; and
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() where it is desivable to classify an NDB in such a manner, the number of

sectors shall be kept to a minimum and preferably shail not exceed two,

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

66. (1) The radio frequencies assigned to NDBs shall be selected from those
available in that portion of the spectrum between 190 kilz and ! 750 kHz.

(2) The frequency tolerance applicable to NDBs shall be 0.01 per cent except
that, for NDBs of antenna power above 200 W using frequencies of 1 606.5kHz
and above, the tolerance shall be 0.005 per cent.

{3) Where two locators are used as supplements o an ILS, the frequency
separation between the carriers of the two shall be not less than 15 kHz to ensure
to correct operation of the radio compass, and preferably not more than 235 kHz.
in order to permil a quick tuning shift in cases where an aircraft has only one
radio comipass.

(4) Wherce locators associated with ILS facilities serving opposite ends of
a single runway are assigned a common frequency, provision shall be made to
ensure that the facility not in operational use cannot radiate,

67. (1) Each NDB shall be individually identified by a two or three
letter International Morse Code group transmitted at a rate comresponding fo
approximately seven words per minule.

(2} The complete identification shall be transmitted at least once every 30
or so seconds.

(3) Where the beacon is effected by on and off keying of (he carrier the
identification shall —

() be at approximately one minute intervals; or

(5) cxeepl that a shorter interval may be used at particular NDB stations

where this is found to be operationatly desirable; and

(c) except for those cases where the beacon identification is effected by on/

off keying of the carrier, the identification signal shall be transmitted at
least three times each 30 seconds, spaced equally within that time period.

(4). (1} For NDBs with an average radius of rated coverage ol 92.7 km (50
NM) or less that are primarily approaches and holding aids in the vicinity of
an aerodrome.

2. The identification shall —

(«) be transmitted ac least three times each 30 seconds; and

(b} spaced equally within that time period.

(5) The frequency of the modulating tone used for identification shall be
1020 Hz plus or minus 50 Hz or 400 Hz plus or minus 25 Hz,

68. (1) Except as provided in subreguiation (2), all NDBs shall radiate
an uninterrupted carrier and be identified by on/off keying of an amplitude
modulating tone (NON/A2A).

(2) NDBs cther than those wholly or partly serving as hokling, 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 on and off keying of the unmodutated
carrier (NON/ALA) if they are in areas of high beacon density or where the
required rated coverage is not practicable of achievement because of —

{c) radio interference from radio stations;

{0y high atmospheric noise; and

(¢} local conditions,



(3) Forcach NDB identified by on/off keying of an audio modulating tone,

the depth of modulation shall be maintained as near to 95 per cent as practicable.

(4) For each NDB identified by on/off keying of an audio modulating tone,

the characteristics of emission during identification shall he such as to ensure
satisfactory identitication al the limit of its rated coverage.

(5) The carrier power of an NDB with NON/A2A emissions shall 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 may be accepted.

(6) Unwanted audio frequency maodulations shall total less than five per cent
of the amplitude of the carrier,

(7) The bandwidth of emissions and the level of spurious emissions shall be
kept at the lowest value that the stale of tcchnigue and the nature of the service
permit.

69, (I} Where locators are used as a supplement to the 1LS, they shall —

(a) be located at the siles of the onter and middlc marker beacons; and

(by where only one locator is used as a supplement to the ILS, preference

shall be given to location at the site of the outer marker beacon,

(2) Where locators arc employed as an aid (o final approach in the absence
of an ILS, equivalent locations to those applying when an ILS is installed shall
be selected, taking into account the relevant obstacle clearance provisions of
the PANS-OPS (1CAO Doc 8168 ~ Aircraft Opcrations).

(3) Where locators are installed at both the midd!e and outer marker positions,
they shall be located, wheve practicable, on the same side of the extended centre
line of the runway in order to provide a track between the locators which will
be more nearly parallel to the centre line of the runway,

70, (1) Por each NDB, suitable means shall be provided to enable detection
of any of the following conditions at an appropriate location —

{ay adecrease in radiated carrier power of more than 50 per cent below that

required for the rated coverage;

{b) failure to transmit the identification signal; and

{c) malfunctioning or failure of the means of monitoting itself.

(2) Where —

(@) an NDB is operated from a power source having a frequency which is

close to airborne ADF equipment switching frequencies; and

(D) where the design of the NDB is such that the power supply frequency

is likely to appear as a modulation product on the cmission,

(3) Subject to subregulation (2) the means of monitoring shall be capable of
deteciing such power supply modulation on the carrier in excess of 5 per cent.

{4) During the hours of service ol a locator, the means of monitoring shall
provide for a continuous check on the functioning of the locator as prescribed
in subregulation (1).

(5) During the howrs of service of an NDB other than a locator, the means of
monitoring shail provide for a continuous check on the funclioning of the NDB
as prescribed in subregulation (£).

(i) Spectfication for UHF distance measitring equipment (DME)
71. (1) The DME system shall provide {or continuous and sccurate indication

in the cockpit of the slant range distance of an equipped aircraft from an equipped
ground reference point.
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(2) The system shall comprise two bastc components, one fitted in the aircraft
and the other installed on the ground.

(3) The aircraft component shall be referred to as the interrogator and the
ground component as the franspondey,

(4) Inoperation,interrogators shall intetrogate transponders which shall, in
turn, transmit to the interrogator replies synchronized with the interrogations,
thus providing means for accurate measurement of distance.

(5) When a DME is associated with an ILS or VOR for the purpose of
constituting a single facility, they shall —

(a) be operated on a standard frequency pairing in accordance with

regulation 78 (3);

(b) be collocated within the limits prescribed for associated facilities in
subregutation {5) and (6); and

{c) comply with the identification provisions of regulation 81 (4).

(6) Associated VOR and DME facilitics shall be colloeated in zccordance
with the following —

(zry 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); and

(5} for purposes other than those indicated in (a), the separation of the VOR
and DME antennas does not exceed 600 m (2 000 ft).

72. The association of DME with ILS shall be in accordance with the
guidelines set out in ICAOQ Annex 10, Volume 1, Attachment C, section
2.11,

73, The system shall provide a means of measurement of slant range distance
from an aircraft to a selected transponder to the limit of coverage prescribed by
the operational requirements for the selected transponder.

74, (1) When associated with a VOR, DME/N coverage shall be at least that
of the VOR 1o the extent practicable.

{2y When associated with an 1LS, DMUE/N coverage shall be at least that of
the respective ILS guidance coverage sectors.

75, (1) The accwracy standards specified in regulations 97 and 110 shal} be
met on a 95 per cent probability basis,

(2) The path following error (PFE) shall be comprised of those frequency
components of the DME/P error at the output of the interrogator which lie
below 1.5 rad/s.

(3) The control motion noisc (CMN) shall be comprised of those frequency
components of the DME/P ercor at the output of the interrogator which lie
between 0.5 rad/s and 10 rad/s.

(4) Brrors on the extended runway centre line shall not exceed the values
given in Table B under Schedule 2.

76. The system shall operate with vertical golarization in the frequency band
960 MHz to 1 215 MHz and the interrogation and reply frequencies shall be
assigned with 1 MHz spacing between channels.

77. (1) DME operating channels shall be formed by pairing interrogation
and reply frequencies and by pulse coding on the paired ltequencics.

(2) DME operating channels shall be chosen from Table A under schedule
2 of 352 chanoels in which the channel numbers, frequencies, and pulse codes
are assigned. '



{3) Where a DME transpender is intended to operate in association with
single VHF navigation facility in the 108 MHz to 117.95 MHz frequency band,
the DML operating channel shall be paired with the VHF channel as given in
Table A order Schedule 2.

78. (1) The interrogator average pulse repetition frequency (PRF) shall not
exceed 30 pairs of pulses per second, based on the assumption that at least 95
per cent of the time is occupied for tracking.

(2) If it is desired to decrease the time of search, the PRF may be increased
during search but shail not exceed 150 pairs of pulses per second.

(3) After 15 000 pairs of pulscs have been transmitted without acquiring
indication of distance, the PRF shall not exceed 60 pairs of pulses per second
thereafter, until a change in operating channel is made or a successfui search
is completed.

{4} Where, after a time peried of 30 seconds, tracking has not been established,
the pulse pair repetition frequency shall not exceed 30 pulse pairs per second
thereafter.

79. (1} The aiveraft handling capacity of transponders in an area shall be
adequate for the peak traffic of the area or 100 aircraft, whichever is the lesser,

(2) Where the peak traffic in an area exceeds 100 aircraft, the transponder
shall be capable of handling that peak traffic.

80. (1) A transponder shall transmit an identification signal in one of the
following forms as required by regulation 82 —

(@) an“independent” identification consisting of coded (International Morse

Code) identity pulses which can be used with all transpondexs; and

(b} an “associated” signal which can be used for transponders specifically
associated with a VHF navigation facility which itsc!f transmits an
identification signal.

(2) Bothsystems of identification shall use signals, which shall consist of the
transmission for an appropriate period of a series of paired pulscs transmitted at
arepetition rate of 1 350 pulse pairs per second, and shall temporarily replace all
reply pulses that wouid normally occur at that time, except as in paragraph (&),

{3) The pulse referred to under sabregulation (23, shall have similar
characteristics to the cother pulses of the reply signals in the following
manner - -

(@) reply pulses shali be transmitted between key down times; and

() if it is desired to preserve a constant duty cycle, an equalizing pair of
pulses, having the same characteristics as the identification pulse pairs,
shall be transmitted 100 microseconds plus or minus 10 microseconds
after each identity pair,

(4) The characteristics of (he “independent” identification signal shall be as

follows —

(@) the identity signal shall consist of the transmission of the beacon code
in the form of dots and dashes (International Morse Code) of identity
pulses at least once every 40 seconds, at a rate of at least six words per
minufe;

(I the identification code characteristic and letter rate for the BDME
transponder shall conform to the following to ensure that the maximum
total key down time does not exceed six seconds per identification code

group;
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{c) the dots shall be a time duration of 0,1 second to 0.160 second. The
dashes shall be typically three times the duration of the dots and the
duration between dots andfor dashes shall be equal to that of one dot
plus or minus 10 per cent; and

(1) the time duration between letters or numerals shall not be less than three
dots and the total period for transmission of an identification code group
shall not exceed 10 seconds,

(4) The characteristics of the “agsociated” signal shall be as folows —

(@) where associated with a VHF facility, the identification shall be
transmitted in the form of dats and dashes (International Morse Code) as
in subregulation (3) and shall be synchronized with the VHF facility
identification code; and

(&) each40-second interval shall be divided into four or move equal periods,
with the transponder identification transmitted during one period only and
the associated VHF facility identification, where these are provided,
transmitted duting the remaining periods.

81. (1) The “independent” identification code shall be employed wherever

a transponder is not specifically associated with a VHE navigational facility.

{2) Wherever a transponder is specifically associated with a VHF navigational

facility, identification shall be provided by the “associated” code.

(3) Where voice communications are being radiated on an associated VHF

navigational facility, an “associated” signal from the transponder shall not be
suppressed,

(k) Characreristics of transponder and associated monitor

82. (1) The transponder shall transmit on the reply frequency appropriate to
the assigned DME channel.

{2) 'The radic frequency of operation shall not vary more than plus or minus
0.002 per cent from the assigned frequency.

(3} The following shall apply to all radiated pulses —

(a) pulse rise time shall not exceed three microseconds;

(4 pulse duration shall be 3.3 microsceonds plus or minus 0.5 microsecond;

{c) pulse decay time shall nominally be 2.5 microseconds but shall not
exceed 3.5 microseconds;

() (he instantaneous amplitude of the pulse shall not, at any instant between
the point of the leading edge which is 95 per cent of maximum amplitude
and the point of the trailing edge which is 95 per cent of the maximum
amplitude, fall below a value which is 95 per cent of the maximum
voltage amplitude of the puise;

(¢) the spectrum of the puise modulated signal shall be such that during the
pulse the EIRP contained in a 0.5 MHz band centred on frequencies 0.8
MHz above and 0.8 MHz;

(H below the nominal channel frequency in each case shall not exceed 200
mW, and the EIRP contained in a 0.5 MHz band centred on frequencies
2 MHz above and 2 MHz,

(g) below the nominal channel frequency in each case shall not exceed 2 mW.
The EIRP contained within any 0.5 MHz band shall decrease
metotonically as the band centre frequency moves away from the
nominal chanuel frequency;



(h) to ensure proper eperation of the threshelding techniques, the
instantancous magnitude of any pulse turn-on transients which occur in
time prior to the virtual origin shall be less than one per cent of the pulse
peak amplitude; and

(/) initiation of the turn-on process shall not commence sooner than 1
microsecond prior to the virtual origin.

83. (1) The spacing of the constituent pulses of fransmitted pulse pairs shall

he as given in the (able in regulation 96,

(2) The tolerance on the pulse spacing shall be plus or minus 0.25 microsecond.

{3) The tolerance on the DME/N pulse spacing shall be plus or minus 0,10
microsccond,

(4) The pulse spacings shall be measured between the half vollage points on
the leading edges of the pulses.

84. (1) The peak EIRP shall not be less than that required to ensure a peak
pulse power density of approximately minus 83 dBW/m? at the maximum
specified range and level.

(2} The peak equivalent isctropically radiated power shall not be less than
that required to ensure a peak pulse power density of minus 89 dBW/m? under
all operational weather conditions at any point within coverage specified in
regulation 75,

(3) The peak power of the constituent pulses of any pair of pulses shall not
differ by more than 1 dB3.

(4) The reply capability of the transmitter shall be such that the transponder
shali be capable of continuous operation at a fransmission rate of 2 700 plus or
minus 20 pulse pairs per second (if 100 aircraft are to be served).

(5) The transmitter shall operate at a transmission rate, including randomly
distributed pulse pairs and distance reply pulse pairs, of not tess than 700 pulse
pairs per second except during identity.

(6) The minimum transmission rate shall be as close as practicable to 700
pulse pairs per second and for DME/P, in no case shall it exceed 1 200 pulse
pairs per second,

(73 (1) During intervals between transmission of individual pulses the spurious
power received and measured in a receiver shall have the same characteristics
as a transponder receiver,

(2) When luned to any DME, intervogation or reply frequency, shall —

(a@) Dbe more 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; and

(b} this provision refers to all spurious transmissions, including modulator
and electrical interference.

(8) The spurious power level specified in subregulation (6) shall be more

than 80 dB below the peak pulse power ievel.

(9) The spurious output of the DME transponder transmitter shail not exceed
minus 40 dBm in any of Kh7. receiver bandwidth at all frequencies from 10 to
£500 MHz, but band of frequencies from 960 to 1245 MHZ.

(10} The equivalent isotropically radiated power of any CW harmonic of the
carrier frequency on any DME operating channel shall not exceed minus 10
dBm,

85. (1) The recetver centre frequency shall be the interrogation frequency
appropriate lo the assigned DME operating channel,
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(2) The centre frequency of the receiver shall not vary more than plus or
minns 0.002 per cent from the assigned trequency.

86. (1) In the absence of all intetrogation pulse pairs, with the exception of
those necessary to perform the sensitivity measurement, interrogation puise pairs
with the correct spacing and nominal frequency shall trigger the transponder if
the peak power density at the transponder antenna is at least —

(&} minus 103 ABW/m? for DME/N with coverage range greater than 56
km (30 NM); and

(b} minus 93 dBW/m? for DME/N with coverage range not greater than 56

km (30 NM).

(2) 'The minimum power densities specitied in subregulation (1) shall cause
the transponder to reply with an cfficiency of at least —

(a) 70 per cent for DME/N,

(B) 70 per cent for DME/P IA mode; and

(¢) B8O per cent for DME/P FA mode.

(3) The performance of the transponder shall be maintained when the power
density of the interrogation signal at the transponder antenna has any value
between the minimum specified in subregulation {1) up to a maximum of nvnus
22 dBW/m? when installed with ILS and minus 35 dBW/m* when installed for
other applications.

(4) The transponder sensitivity level shall not vary by more than | dB for
transponder loadings between 0 and 90 per cent of its maximum transimission
rate,

(5) When the spacing of an interrogator pulse pair varies from the nominal
value by up to plus or minus | microsecond, the receiver sensitivity shall not
be reduced by more than | dB.

87. When transponder loading exceeds %0 per cent of the maximum
transmission rate, the receiver sensitivity shall be automatically reduced in order
to limit the transponder replies, 50 as to ensure that the maximum permissible
transmission rate is not exceeded. {The available range of sensitivity reduction
shall be at least 30 dB3.) _

88. When the receiver is interrogated at the power densities specified in
subregulation 87 to produce a transmission rate equal to 90 per cent of the
maximum, the noise generated pulse pairs shall not exceed 5 per cent of the
maximum transmission rate.

89. (1) The minimum permissible bandwidth of the receiver shali be such
that the transponder sensitivity level shalt not deteriorate by more than 3 dB
when the total receiver drift is added to an incoming interrogation frequency
drift of plus or minus 100 kHz.

(2) The receiver bandwidth shall be sufficient to allow compliance with
Regulation 76 when the inpul signais atre thosce specified in regolation 100 (3).

(3) Signals greater than 900 kHz removed from the desired channel
nominal frequency and having power densities up to the values specified in
subregulation 87 (3) DME/N shali not trigger the transponder. Signals arviving
at the intermediate frequency shall be suppressed at least 80 dB. All other
spurious response or signals within the 960 MHz to 1 215 MHz band and image
frequencies shall be suppressed at least 75 dB.



96. (1) Within eight microseconds of the reception of a signal between 0 dB
and 60 dB above minimum sensitivity level, the minimwmn sensitivity level of
the transponder to a desired signal shall be within 3 dB of the value obtained
in the absence of signals,

(2} The minimum sensitivity level reffered to in under subregulation (1) shall
be met with echo suppression circuits, if any, rendered moperative,

{3) The eight microseconds are to be measured between the half voltage
points on the leading edges of the two signals, both of which conform in shape,
with the specifications in regulation 100 (3},

91. Radiation from any part of the receiver or allied circuits shall meet the
requirements stated in subregulation 85 (6).

92, (1} Carrier wave (CW) and echo suppression shal! be adequate for the
sites at which the transponders will be used.

Y3. Protection against interference outside the DME frequency band shall be
adequate for the sites at which the transponders svill be used.

%4, (1} The transponder shall include a 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 described in
regulations 100 (3) and 101 (1).

(2) The decoding circuit performance shall not be affected by signals
arriving before, between, or after, the constituent pulses of a pair of the correct
spacing,

(3) An interrogation pulse pair with a spacivg of plus or minus lwo
microseconds, or more, from the nominal value and with any signal level up to
the value specified in regulation 87 (3) shall not exceed the transmission rate,
docs not cxceed the value obtained when interrogations are absent.

95, (1} Where a DME is associated only with a VHF facility, the time delay
shall —

{a) bethe interval from the hall voltage point on the leading edge of the
second constituent pulse of the interrogation pair and the half voliage
point on the leading edge of the second constituent pulse of the reply
transmission; and

() thisdelay shall be consistent with the following lable, when it is desired
that aircraft interrogators are to indicate the distance from the transponder
site,
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(2) Where a DME is assoctated with an angle facility, the time delay shall —

(a} be the interval from the half voltage point on the leading edge of the

first constituent pulse of the interrogation pair; and

(6} the half voltage point on the leading edge of the first constituent pulse

of the reply transmission.

(3) This delay shall -

(a} be 50 microseconds for mode X channels; and

(b} be 56 microseconds for mode Y chanaels, when it is desired that aircraft

interrogators are to indicate distance from the transponder site.

(4) The transponder time delay shall —

(¢} be capable of being set to an appropriate value between the nominat

value of the time delay minus 15 microseconds; and

(b) the nominal value of the time delay, to permit aireralt interrogators to

indicate zero distance at a specific point remote from the transponder
site. i

(5) The time delay shall —

(q) be the interval from the half voltage point on the leading edge of the

fivst constituent pulse of the interrogation pair; and

(h) be the half voltage puint on the leading edge of the first constituent pulse

of the reply transmission.

96. (1) The transponder shall not contribute more than plus or minus one
microsccond (150 m (500 1)} (o the overall system crror.

(2) The contribution to the total system error due to the combination of the
transponder errors, transponder location coordinate errors, propagation effects
and random pulse inteiference effects shall be not greater than plus er minus
340 m (0.183 NM) plus 1.25 per cent of distance measure,

(3) The combination of the transponder errors, transponder location
coordinate errors, propagation effects and random pulse interference effects
shail not contribute more than plus or minus 185 m (0.1 NM) to the overall
system error,

(4) A transponder associated with a landing aid shall not contribute more
than plus or minus 0.5 microsecond (75 m (250 ft}) to the overall system
eror,



97. (1) The transponder reply efficiency shall be at least 70 per cent for
DME/N at all values of transponder loading up to the loading corresponding to
regulation 80 and at the minimum sensitivity level specified in regulation 87
(1) and (4).

{2) The transponder shall be rendered inoperative for a period normally not
to exceed 60 microseconds after a valid interrogation decode has occurred and
in extreme cases when the geographical site of the transponder is such as to
preduce undesirable reflection problems, the dead time may be incteased but
onty by the minimum amount necessary to allow the suppression of echoes for
DME/N.

98. (1) Means shall be provided at each transponder site for the automatic
monitoting and control of the transponder in use.

{2) Inthcevent that any of the conditions specified in subregulation (3} occur,
the monitor shall cause the following action to take place —

{a) a suitable indication shall be given at a control point;

{b) the operating fransponder shall be antomaticatly switched off; and

{¢) the standby transponder, if provided, shall be antomatically placed in
operation.

(3) The monitor shall cause the actions specified in subregulation (2) if —

(@) the transponder delay differs from the assigned value by one microsecond
{150 m {500 ft)) or more; and

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

£4) The monitor shall cause the actions specified in subregulation (2) if the
spacing between the first and second pulse of the transponder pulse pair differs
from the nominal value specified in the table specified in regulation 96 by 1
microsecond or more,

(5) The monitor shall also cause a suitable indication to be given at a control
point if any of the following conditions arise —

() afali of 3 dB or more in transponder {ransmitted power output;

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

(c) the spacing between the first and second pulse of the transponder
veply pulse pair differs from the normal value specified in regulation 84
by I microsecond or more; and

¢dy variation of the transponder receiver and transmitter frequencies beyond
the control range of the reference circuits (if the operating frequencies
are not directly crystal controlled).

(6) (1) Means shall be provided so that any of the conditions and
malfunctioning enumerated in regulations 99 (3), 99 (4) and 99 (5) which are
monitored shall persist for a certain period before the monitor takes action.

(2) This peviod shall be as low as practicable, but shall notexceed 10 seconds,
consistent with the need for avoiding interruption, due to wansient effects, of
the service provided by the transponder.

(7) The transponder shall not be triggered more than 120 times per second
for either monitoring or automatic frequency control purposes, or both.
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(1) Techmicdal characteristics of interrogatoy

99, (1) The interrogator shall transmit on the interrogation frequency
appropriaie to the assigned DME channel as specified in regutation 78,

(2} The radio frequency of operation shall not vary more than phis or minus
100 kI1z from the assigned valuc — :

(a) Pulse rise time shall not exceed 3 microseconds;

(i) pulse duration shall be 3.5 microseconds plus or minus 0.5 microsecond;

{¢) pulse decay time shall nominally be 2.5 inicroseconds, but shall not

exceed 3.5 microseconds;

the instantancous amplitude of Uhe pulse shali not, at any instant between
the point of the leading edge which is 95 per cent of maximum amplitade
and the point of the trailing edge which is 95 per cent of the maximum
amplitade, fall below a value which is 935 per cent of the maximum
voltage amplitude of the pulse;

() the spectrum of the pulse modulated signal shall be such that at least 50
per cent of the energy in each pulse shall be within 0.5 MHz in a band
centred on the nominal channel frequency; and

(A to ensure proper operation of the thresh holding techniques, the
instantaneous magnitude of any pulse turn-on transients which occur in
time prior to the virtual origin shall be less than one per cent of the pulse
peak amplitude and the initiation of the turn-on process shall not
commence sooner than § microsecond prior to the virtual origin.

100. (1) The spacing of the constituent pulses of transinitted pulse pairs shall

be as given in the table in regulation 96.

(2) The tolerance on the pulse spacing shall be plus or minus 0.5 microsecond,

(3) The tolerance on the pulse spacing shall be plus or minus 0.25 microsecond,

(4) The pulse spacing shall be measured between the half voltage points on

the leading edges of the pulscs.

101. The variation in time between successive pairs of interrogation pulses

shall be sufficient to prevent false lock-on.

{d)

102. (1} During 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 frequency, shall —

{«) be more than 30 dB below the peak pulse power received; and

{b) be measured in the same receiver tuned to the interrogation frequency

in use during the transmission of the required pulses.

{2) Subregulation 1 shall apply to all spurious pulse transmissions. The
spurious CW power radiated from the interrogator on any DME interrogation
or reply frequency shall not exceed 20 microwatts (minus 47 dBW),

(3) The spurious pulse power received and measured under the conditions
stated in subregulation (1) shall be 80 dB below the required peak pulse power
received.,

103. (1) The time delay shall be consistent with the table in regulation 96.

(2y The time delay shall be the interval between the time of the half voltage
point on the leading edge of the second constituent intecrogation pulse and the
time at which the distance circuits reach the condition corresponding to zero
distance indication.



(3} The time delay shall be the interval hetween the time of the haif 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.

104. (1) The receiver centre frequency shall be the transponder frequency
appropriate to the assigned DME operating channel specified in regulation
78.

105. The airborne equipment sensitivity shall be sufficient to acquire and
provide distance information to the accuracy specified in regulation 110 and
for the signai power density specified in regulation 83 (2).

(2) The performance of the interrogator shall be maintained when the power
density of the transponder signal at the interrogator antenna is between the
minimum values given in regulation 85 and a maximum of minus 18 dBW/m?,

106. Where there is a ratio of desired to undesired co-channe!l DME signals
of at least 8 dB at the input terminals of the airborne receiver, the interrogator
shall display distance information and provide unambiguous identification from
the stronger signal.

107. (1) Where there is a ratio of desired to undesired co-channel DME
signals of at least 8 dB at the input terminals of the airborne receiver, the
interrogator shall display distance information and provide unambiguous
identification from the stronger signal.

(2) DME signals greater than 900 kHz removed from the desired channel
nominal frequency and having amplitudes up to 42 dB above the threshold
sensitivity shall not be used,

108, (1) The interrogator shall include & decoding circuit such that the
receiver can be triggered only by paits of received pulses having pulse duration
and pulse spacings appropriate to transponder signals as described in regulation
84. -

(2) A reply pulse pair with a spacing of plus or minus two microseconds, or
more, from the nominal valve and with any signal level up fo 42 dB above the
receiver sensitivity shall be rejected,

109, The interrogator shall not coniribute more than plus or minus 315 m (plas
or minus 9.17 NM) or .25 per cent of indicated range, whichever is greater, to
the overall system error.

{m} Specification for en-route VHF marker beacons (75 MHz)

110, The emissions of an en-route VHI marker beacon shall have a radio
frequency of 75 MHz plus or minus 0.005 per cent.

111. (1) Radio marker beacons shall radiate an uninterrupted carrier
modulated to a depth of not less than 95 per cent or more than 100 per cent and
the total harmonic content of the modulation shall not exceed 15 per ceat.

(2) The freguency of the modulating tore shall be 3 000 Hz plus or minus 75 Hz.

{3) The radiation shall be horizontally polarized.

12, (1) If a coded identification is required at a radio marker beacon, the
modulating tone shail be keyed so as to transmit dots or dashes or both in an
appropriate sequence. The mode of keying shall be suisch as to provide a dot-and-
dash duoration together with spacing intervals corresponding to transmission at a
rate equivalent to approximately six to ten words per minute. The carrier shall
not be interrupted during identification.
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113. The most desirable radiation pattern wouid be one that —

{¢) 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 minor
axes adjusted in accordance with the flight path served; and

(b) in the case of a Z marker beacon, results in lamp operation only when
the aircraft is within a ¢ylinder, the axis of which is the vertical line
through the marker beacons,

114. The limits of coverage of marker beacons shall be determined on the

basis of the field strength specified in regulation 44 (2).

115, The radiation pattern of a marker beacon normally shall be such that the
polar axis is vertical, and the field strength in the paflern is symmetrical about
the polar axis in the plane or planes containing the flight paths for which the
marker beacon is intended. _

" 116, For each marker beacon, sititable monitoring equipment shall be
plovxded which will show at an uppr opriate location —
(r) adecrease in radiated carrier power below 50 per cent of normal;
(b) a décrease of modulation depth below 70 per cent; and”
(¢} afailurc of keying.

(n) Requirements for the Glabai Navigation Satellite System (GNSS)

117. The GNSS shall provide position and time data to the aircraft,
118, The GNSS navigation service shall be provided using various
combinations of the following clements installed on the ground, on sateilites
and/or on board the aircraft —
(a) Global Positioning System (GPS) that provides the Standard I‘osltmnmg
Scrvice (SPS) as defined in tegulations 123 to 136;

(b) Global Navigation Sateliite System (GLONASS) that provides the
Channel of Standard Accuracy (CSA) navigation signal as defined in

~ regulations 137 to 148;

(¢) aircraft-based augmentation system (ABAS) as defined in regulation
149;

{d) sateltite-based augmentation system (SBAS) as defined in regulations
150 to 159; )

{e} ground-based angmentation system (GBAS) as defined in regulation
160 to 7};

{H ground-bascd regional augmentation system (GRAS) as defined in

regulations 160 to 171; and

(g) aircraft GNSS receiver as defined in regulation 172,

119, The position information provided by the GNSS to the user shall be
expressed in terms of the World Geodetic System — 1984 (WGS-84) geodefic
reference datum,

120. The time data provided by the GNSS to the user shall be expressed in
a time scale that takes the Universal Time Cootdinated (UTC) as reference.

121, The combination of GNSS elements and a fault-free GNSS user receiver
shall meet the signal-in-space requirements defined in table 3.7.2.4 - 1 under
Schedule .



fo) GPS Standard Position Service (SPS) (L1}

122. (1) The GPS SPS position errors shall not exceed the following limits —

Giohal average Worst site

95% of time 9549 of time
Hortizontal position error {9 m {30 ft) 17 m (56 f1)
Vertical position etror 15m (49: ft) I7Tm (121 1Y)

(2} The GPS SPS time transfer errors shall not exceed 40 nanoseconds 95
per cent of the time.

123. The range domain error shall not cxceed the following limits —

{«r) range error of any sateilite — 30 m (100 1) with reliability specified in

regujation 126;

(b} 95th percentile range rate error of any satellite — 0.006 m {0.02 1) per

second (giobal average);

{c} 95th percentiie range acceleration error of any satellite — 0.002 m (0.006

ft) per second-squared (global average}; and

() 95th percentile range error for any satellite over ail time differences

between time of data generation and time of use of data — 7.8 m (26 ft)
(global average).

124, The GPS SPS availability shall be as follows —

{¢) =299 per cent horizontal service availability, average location (17 m 95

per cenl threshold);

(b)) =99 per cent vertical service availability, average location {37 m 95 per

cent threshold);

() =90 per cent horizontal service availability, worst-case location {17 m

95 per cent threshold); and

(d) =90 per cent vertical service availability, worst-case location (37 m 95

per cent threshold).

125. {1) The GPS SPS reliability shall be within the following fimits:

{a) reliability — at least 99.94 per cent (global average); and

(b} reliability — at least 99.79 per cent (worst single point average).

{(2) The probability that the user range error (URE) of any satellite will
exceed 4.42 times the upper bound on the user range accuracy (URA) broadcast
by that satellitc without an alert received at the user recciver antenna within 10
seconds, shall not exceed 1x10° per hour,

126, The probability of losing GPS SPS signal-in-space {SIS) availability
from a slot of the nominal 24-slot constellation due to unscheduled inteyruption
shall not exceed 210" per hour,

127, The GPS SPS shall cover the surface of the earth up to an altitude of
3 000 kilometres.

{p) Radio frequency (RF} characteristics

128, Each GPS satellite shall broadcast au SPS signal at the cacrier frequency
of ! 575.42 MHz (GPS L1} using code division multiple access (CDMA).
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GPS signl 129. The GPS SPS signal power shall be contained within 2 £12 MHz band

spectrum (1 563.42 — 1 587 .42 MHz) centred on the L1 frequency.

GPS 130, The transmitted RF signal shall be right-hand (clockwise) circularly
poiarization polarized,

GPS signal 131. Each GPS satellite shall broadcast SPS navigation signals with sufficient
power Jevel power such that, at all unobstructed locations near the ground from which the

satellite is observed at an elevation angle of five degrees or bigher, the level of
the recetved RF signal at the antenna port of a 3 dBi linearly-polarized antenna
is within the range of --158.5 dBW to -153 dBW for all antenna orientations
orthogonal to the direction of propagation.
GPS modulation 132. The 8PS L1 signal shall —
{a) be bipolar phase shift key {BPSK),;
(#) modulated with a pseudo randem neise (PRN) 1.023 MHz coarse/
acquisition {C/A) code; and
(c) the C/A code sequence shall be repeated each millisecond,
(2) The iransmitted PRN code sequence shall be the Modulo-2 addition of
a 50 bits per second navigation message and the C/A code,

GPS time 133. GPS time shall be referenced to UTC (as maintained by the U.8, Naval
Observatory),

GPS 134. The GPS coordinate system shall be WGS-84.

coordinale

system

GPS navigation 135. The navigation data transmitted by the satellites shall include the
information necessary information to determine -

(@) satellite time of transmission,

(b) satellite position;

(¢) satellite health;

(d) satellite clock correction;

(e} propagation delay effects;

time transfer to UTC,; and
(g) constellation status,

(q) GLONASS Channel af Standard Accuracy (CSA) (L1)

GLONASS 136. (1) The GLONASS CSA position errors shall not exceed the following
space and Hmits —
control segment . U N .
aceuracy Global average Worst site
95% of the time 95% of the time
Horizontal position ercor | Sm (17 ) 12 m (40 ft)
Vertical position error | 9 m (29 £1) 25 m@T R

(2) The GILONASS CSA time transfer errors shall not exceed 700
nanoseconds, 95 per cent of the time.



(3} The range domain error shall not exceed the following limits —

(@) range error of any satellite — 18 m (59.7 fi);

(b) range rate error of any satellite — 0,02 m (0.07 fi) per second;

(c} rangeacceleration ercor of any satellite — 0007 m (0.023 [Y) per second
squared; and

(¢) root-mean-square range error over ail satellites — 6 m (19,9 f1),

137, The GLONASS CSA availability shall be as follows —

(a) 299 per cent horizontal service availability, average location (12 m, 95
per cent threshold);

(&) =99 per cent vertical service availability, average location (23 m, 95 per
cent threshold);

(c) =90 per cent horizental service availability, worst-case location (12 m,
G5 per cent threshold); and

(d) =90 per cent vertical service availabilily, worst-case location (25 m, 95
per cent threshold).

138. The GLONASS CSA reliability shall be within the following limits —

(a) frequency of a major service failure — not more than three per year for

the constelfation (global average); and

{b) reliability — at least 99.7 per cent (global average).

139. The GLONASS CSA shall cover the surface of the earth up to an allitude
of 2 000 km.

140. Each GLONASS satellite shall broadcast CS A navigation signal at its
own carrier frequency in the L1 {1.6 GHz) frequency band using frequency
division multiple access (FDMA).

141. GLONASS CSA signal power shall be contained within a +5.75 MHz
band centred on each GLONASS canier frequency.

142, The transmitted RF signal shall be right-hand circularly
polarized,

143, Each GLONASS satellite shall broadcast CSA navigation signals with
sufficient power such that, at all unobstructed locations near the ground from
which the satellite is observed at an elevation angle of 5 degrees or higher, the
level of the received RF signal at the antenna port of a 3 dBi linearly polarized
antenna is within the range of —161 dBW to —135.2 dBW for all antenna
orientations orthogonal to the direction of propagation.

144, (1) Each GLONASS satellite shall transmit at its carrier frequency the
navigation RF signal using a BPSK modulated binary train,

{2) The phase shift keying of the carrier shatl be performed at m-radians with
the maximum error 0.2 radian and the pseudo-random code sequence shall be
repeated each millisecond.

(3) The modulating navigation signal shall be gene.ralcd by the Modulo-2
addition of the following three binary signals —

(a) ranging code transmitted at 511 kbits/s;

(») navigation message transmnitted at 50 bits/s; and

{¢) 100 Hz auxiliary meander sequence.

145. GLONASS time shall be referenced to UTC (SU) {as maintained by
the National Time Service of Russia).

146. The GLONASS coordinate system shall be PZ-90,
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147, The navigation data transmitted by the satelhte shall include the
necessary information to determine —

() satellite time of wansmission;

(b) satellite position;

(¢} satellite health;

{d) satellite clock correction;

{e) time transfer to UTC; and

{f) constellation status.

(¥} Aircraft-based augmentation system (ABAS)

148. The ABAS function combined with one or imore of the other GNSS
elements and both a fauit free GNSS receiver and fault-free sircraft system
used for the ABAS function shall meet the requirements for accuracy, integrity,
continuity and availability as stated in regulation £22,

(s) Sarellite-band augmentation systent (SBAS}

149. (1) SBAS combined with one or more of the other GNSS clements and
a fault-free receiver shall meet the requirements for system accuracy, integiity,
continuity and availability for the intended operation as stated inregulation 122,
throughout the corresponding scrvice arca in regulation 152 (6). ‘

(2) SBAS combined with one or more of the other GNSS elements and a
fault-free receiver shall meet the requirements for signal-in-space integrity as
stated in regulation 122, throughout the SBAS coverage area.

150. SBAS shall perform one or more of the following functions —

{a) ranging: provide an additional pscudo-range signal with an accuracy

indicator from an SBAS satellite {regulation 152 and Schedule 3, section
- 35702y

(b} (NSS satellite status: determine and transmit the GNSS satcllite health
status {Schedule 3, section 3.5.7.3);

(¢} basic differential correction: provide GNSS satellite ephemeris and clock
corrections (fast and long-term) to be applied to the pseudo-range
measurements from satellites (Schedule 3, section 3.5.7.4); and

() precise differential correction: determine and transmit the ionospheric
corrections {Schedule 3, section 3.5.7.5).

151. (1) Excluding atmospheric effects, the range error for the ranging signal

from SBAS satellites shall not exceed 25 m (82 £t} (95 per cent).

(2) The probability that the range error exceeds 150 m (490 ft) in any hoor
shall not exceed 105

(3) The probability of unscheduled cutages of the ranging function from an
SBAS satellite in any hour shall not exceed 10°,

(4) The range rate error shall not exceed 2 m (6.6 ft) por second.

(5) The range acceleration error shall not exceed 0.619 m (0.06 ft) per
second-squared.

(6) An SBAS scrvice arca for any approved type of operation shall be
a declared area within the SBAS coverage area where SBAS meets the
comnesponding requirements of regulation 122,

152. The carricr frequency shall be 1 575.42 MHz.



153. At least 95 per cent of the broadcast power shall be contained within
a 12 MHz band centred on the L1 frequency. The bandwidth of the signal
transmitted by an SBAS satellite shall be at least 2.2 MHz.

154, (1) Each SBAS satellite placed in orbit before 1st January, 2014 shall
broadcaslt navigation signals with sufficient power such that, at all unobstructed
locations near the ground. from which the saiellite is observed at an elevation
angle of five degrees or higher, the level of the received RF signal at the antenna
port of a 3 dBi linearly polarized antenna is within the range of 161 dBW to
~-153 dBW for all antenna orientations orthogonal to the direction of propagation,

(2) Each SBAS satellite placed in orblt aftel 31 Decemhel 2013 shall comply
with the following requirerents —
“{a) the satellite shall broadcast navigation signals with sufficient power such
that, at all unobstricted locations near the ground from which the satellite
is observed at or above the minimum elcvation angle for which a
~-trackable GEOQ signal needs to be provided, the leve! of the received RF
signal at the antenna port of the antenna specified in Schedule 3, Table
A-B8, is at least —164.0 dBW;
(&) the minimum elevation angle used to determine GEQ cover dge shall not
be less than five degrees for a user near the ground,
{c) the level of a received SBAS RF signal at the antenna port of a 0 dBic
antenna located near the ground shall not exceed ~152.5 dBW,; and
(d) the elasticity of the broadcast signal'shall be no worse than 2 dB for the
angular range of £9.1° from bore sight,
155, The broadcast signal shall be right-hand circularty polarized,

156, The transmitted sequence shall —
{a) the Modulo-2 addition of the navigation message be at a rate of 500
symbols per second and the [ 023 bit pseudo-randum noise code; and
(&) it shall then be BPSK-modulated oito the camer ata rate of 1,023
megachips per second.
157. The difference between SNT and GPS time shall not cxceed 50
nanoseconds.
158, The navigation data transmitted 'by the satellites shall include the
necessary information to determine —
{ay SBAS satellite time of transmission;
(i SBAS satellite position;
~ () corrected satellite time for all satellites;
() corrected salcllite position for all satellites;
(¢) ionospheric propagation delay effects;
(A user position integrity;
(g) time transler (0 UTC,; and
(M service level status,

{1} Ground-based angmentation system (GBAS) and ground-based
regional augmen fation sysrem (GRAS)

159, -GBAS combined with one or more of the other GNSS elements and
a fault-free GNSS receiver shall meet the requirements for system accuracy,
continuity, availability and integrity for the intended operation as stated in
regulation 122 within the service volume for the service used fo support the
operation as defined in regulation 162,
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160. GBAS shall perform the following functions —

(@) provide locally relevant pseudo-range corrections;

(b} provide GBAS-related data;

(¢) provide final approach segment data when supporting precision approach;

(d) provide predicted ranging source availability data; and

(e) provide infegrity monitoring for GNSS ranging sources,

161, The minimum GBAS guidance approach service volume shall be
as follows, except where topographical features dictate, and operational
requirements permit —

(a) laterally, beginning at 140 m (450 ft) each side of the landing threshold
point/fictitious theeshold point (LTP/FTP) and projecting ont £35 degrees
either side of the final approach path to 28 km (15 NM) and +£10 degrees
either side of the final approach path to 37 km (20 NM);

(b} vertically, within the lateral region, up to the greater of seven degrees or
1.75 promulgated glide path angle (GPA) above the horizontal with
an origin at the glide path interception point (GPIP) 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
and this coverage applies between 30 m (100 £t} and 3 000 m (10 000
ft) height above threshold {(HATY); and

(¢) vertically, within the lateral region, up to the greater of seven 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 GO0 ft) height above threshold (HAT) 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
and the lower bound is half the lowest decision height supported or 3.7
m {12 ft}, whichever is larger.

162. The minimum additional GBAS service volume to support approach
operations that include automatic landing and rollout, including during puided
take-off, shall be as follows, except where operational requirements permit —

(@) horizontally within a sector spanaing the width of the runway beginning
at the stop end of the runway and extending parailel with the runway
centre jine towards the TP to join the minimnm service volume as
described in regulation 162; and

(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 regulation 162,

163, The minimum additional GBAS service volume to support approach
operations thal include automatic landing and rollout, including during guided
take-off, shall be as follows, except where operational requirements permit —

(@) 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
described in regulation 162; and

(&) vertically, between two horizontal surfaces one at 3.7 m (12 £t} and the
other at 30 m (100 ft) above the runmway centre line to join the minimum
service volume as described in regulation 162.



164, The data broadcast radio frequencies used shall be selected from the
radio frequencies in the band 108 to 117.975 MHz.

(2) The lowest assignable frequency shall be 108.025 MHz and the highest
assignable frequency shall be 117.950 MHz and the separation between
assignable frequencies (channel spacing) shall be 25 kHz.

165, A time division multiple access (TDMA) technique shail be used with
a fixed frame structure. .

{2) The data broadcast shall be assigned one to eight slots.

166, GBAS data shall be transmitted as 3-bit symbols, modulating the data
broadcast carrier by D8PSK, at a rate of 10 300 symbols per second.

167. (1) GBAS/H — A horizontally polarized signal shall be broadcast.

(2) The effective radiated power (ERP) shall —

(a) provide for a horizontally polarized signal with a minimum field strength

of 215 microvolts per metre (-99 dBW/m®) ; and

(b) amaximum ficld strength of 0.350 volts per metre (-35 dBW/m?) within

the GBAS coverage volume.

{3) The field strength shall —

(a) be measured as an average over the period of tlm synchronization; and

(b) be such that the RF phase asset between the HPOL and any VPOL

components, archieve the minimum signal power as defined in Schedule
3, section 3.6.8.2.2.3, and as such be archieved for HPOL users
throughout the coverage volume,

{(4) GBAS/E — An elliptically polarized signal shall be broadcast whenever
practical.

(5). (1) Where an elliptically poiarized signal is broadcast, the horizontally
polarized component shall meet the requirements in regulation 168 (2), and the
effective radiated power (BRP) shall provide for a vertically polarized signal
with a minimum field strength of 136 microvolts per metre (—103 dBW/m?*) and
a maximum field strength of 0.221 volts per metre (-39 dBW/m?) within the
GBAS coverage volume.,

{6} The ficld strength shall —

{a) be measured as an average over the period of the synchronization and

ambiguity resolution ficld of the buorst; and

(b} be such that the RF phase offset between the HPOL and any VPOL

components archieve the minimum signal power as defined in Schedule
3, section 3.6.8.2.2.3 ad as such be achieved for HPOL and VPOL users
throughout the coverage volume,

168. The amount of power during transmission under all operating conditions
when measured over a 25 kHz bandwidth centred on the ith adjacent channel
shall not exceed the values shown in Schedule 1, table 3,7.3,5-1,

169, Unwanted emissions, including spurious and out-of-band emissions,
shall be compliant with the levels shown in Schedule 1, table 3.7.3.5-2 and the
total power in any VDB hammonic or discrete signal shall not be greater than
-53 dBm. .

170, The navigation data transmitted by GBAS shali include the following
information —

{a) psevudo-range corrections, reference time and integrity data;

(&) GBAS-related data,

(¢} final approach segment data when supporting precision approach; and

() predicted ranging source availability data.
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171, The aircraft GNSS receiver shall process the signals of those GNSS
elements that it intends to use as specified in Schedule 3, section 3.1 (for
GPS), third schedule, section 3.2 (for GLONASS), Schedule 3, section 3.3
{for combined GPS and GLONASS), Schedule 3, section 3.5 (for SBAS) and
Schedule 3, section 3,6 (for GBAS and GRAS).

172. GNSS shali comply with performance requirements defined in regulation
122 and Schedule 3, section 3.7 in the presence of the interference environment
defined in Schedule 3, section 3.7.

173. Aircraft GNSS equipment that uses a database shall provide a mcans
0 -

(@) update the electronic navigation database; and

() determine the Aeronautical Information Reguiation and Control (AIRAC)

: effective dates of the aeronautical database.

{1} System characteristics of airborne ADF recelving systems

174. The bearing given by the ADF systemn shall not be in error by more than
plus or minus five degrees with a radio signai from any direction having a field
strength of 70 microvolts per metre or more radiated from an EF/MF NDB or
locator operating within the tolerances permitied by these regulations and in
the presence alse of an unwanted signal from a direction 90 degrees from the
wanted signal and shall be —

(a) on the same frequency and 15 dB weaker;

(h) plus or minus 2 kHz away and 4 dB weaker; and

(c) plus or minus 6 kHz or more away and 35 dB stronger.

PARY IV — Exemptions

175, A request for an-exemption must be in writing and specify the time
when the aviation service provider is expected by the Authotity to fully
comply.

176, (1) The Authority shall —

(a) review the application for exemption made under regulaticn 175 for

accuracy and compllancc and

(b) if the application is satisfactory, the Authonty shall publish a detailed

summaty of the application for cornments, within a prescribed time, in
either —
© (i} the Government Gazeffe,
(ii} -aeronautical information circular; and
(iii) =a daily newspaper with national circulation in Botswana.

(2) Where application requirements have not been fully complied with, the
Authority shall request the applicant in writing, to Lomply prior o pubhcatlon
or making a decision under subregulation (3).

(3) If the request is for emergency relief, the Authority shall publish the
decision as soon as possible after processing the application,

177, (1) Where the application requirements have been satisfied, theAuth(n 1ty
shall conduct an evaluation of the request to include —

(a) determination of whether an exemption would be in the public interest,;

(&) a determination, after a technical evaluation of whether the applicant’s

proposal would provide a level of safety equxvaIem to that estabhshed
by these Regulations:



Provided that, where the Authorily deeides that a technical evaluation

“of the request woitld impose a significant burden on the Authority’s

technical resource, the Authority may deny the exemption on that basis;

(¢} adetermination of whether a grant of the exemption would contravene

these Regulations; and

(d) arecommendation based on the preceding elements, of whether the

- request should be granted or-denied, und of any conditions or limitations
that should be part of the exemption.

"PARTV — General provisions

‘178. (1) Any person who performs any function prescribed by thege
Regulations directly or by confract may be tested for drug or alcohol usage,

{2} A persoh who — ' _

(a) refuses to submit to a test to indicate the percentage by weight of alcohol

" in the blood; or

() refuses to submit to a test to indicate the presence of narcotic drugs,
marijuana, or depressant or stimulant drags or substances in the body,
when requested by a law enforcement officer or the Authority, or refuses
to furnish or to authorise the reléase of the test results requested by the
Authority shall —

(i) - bedenicd any ficence, certificate, rating, quakification, or authorisation
issued under these Regulations for a period of up to one year from
the date of that refusal, or

(ii} bave their licence, certificale, raling, qualification, or authorization
issued under these Regulations suspended or revoked.

{3) Any person who is convicted for the violation of any local or national
statute relating to the growing, processing, manufacture, sale, disposition,
possession, transportation, or importation of narcotic drngs, marijuana, or
depressant or stimulant drugs or substances, shall —

{a) be denied any license, certificate, rating, gualification, or authorisation
issued under these Repulations for a period of up to one year after the
date of conviction; or

{b) have their licence, certificate, rating, qualification, or authorisation issued
under these Regulations suspended or revoked.

179, (1) Any person who knows of a violation of the Act, or any regulations,

rules, or orders issued thereunder, shall report it Lo the Anthority.

(2) The Authority may determine the nature and type of investigation or
enforcement action that need to be taken.

180. Any person who fails to comply with any direction given to him by the
Authority or by any authorised person under any provision of these Regulations
shall be deemed for the purposes of these Regulations to have contravened that
provision,

181. (1) The Authority shall notify, in writing the fees to be charged in
connection with the issue, renewal or variation of any certificate, test, inspection
or investigation reguired by, or for the purpose of these Regulations, any orders,
notices or proclamations made thersunder.

(2} tpon an application being made in connection with which any fee is
chargeable in accordance with the provisions of subregulation (1), the applicant
shall be required, before the application is accepted, to pay the fee so chatrgeable,
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Failore to
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(3) If, after that payment has been made, the application is withdrawn by the
applicant or otherwise ceases to have effect or is refused, the Authority shali
not refund the payment made.

PART VI — Offences and Penalties

182. Aperson who contravenes any provision of these Regulations may have
his certificate or exemption cancelled or suspended.

183. (1) A person who contravencs any provision of thesc Regulations,
orders, notices or proclamations made thereunder shall, upon conviction,
be liable to a fine or imprisonment or both, and in the case of a continuing
coniravention, cach day of the contravention shall constitute a separate offence,

(2) Any person who contravenes any provision of these Regulations shall be
liable to a fine not exceeding P 100 000 or to imprisonment for a term not more
than six months, ot to both.

184, A person aggrieved by the decision of the Anthority under these
Regulations may, within (4 days of such decision, appeal to the Tribunal
established under section 79 of the Civil Aviation Act.

PART VII — Savings and Transitions

185. (1) The Authority may require all facilities and equipment instailed and
operated before the coming into foree of these Regulations be subjected to an
assessment to determine the extent to which they comply with the provisions
of these Regulations.



SCHEDULE 1
{Regulations 9, 10, 121, 168 and 169)

SPECHICATIONS FOR RADIO NAVIGATION AIDS

Table 3.7.7.4-1  Sigoal-in-space prrformagce requirements

Araecy Ancukcy
Borinant sl . wetital
% % Tabe grity Foma-do-alex] Contamity Avalvikly

Typicel operution (Motes | andd}  (Wotes ) aad 3} {Hahe 2} (Hote3) {Note 4) (Mote 5
Eu-route 1.7k NiA I-1xW'm  Soin L-1% 367 099 o

{LENM) o~ 085099
En-roule, 476 1m WA 1-1x 107 155 1=15 ' 09 1o
Tenminal {04 NM) o E-tx 0 0MS
Initiad 2pproath, 20m NfA 1-1x107m 105 1-12 %10
Eswnuncdiale sppiach, (7200} wh-1x10% 0%
HNenrprecision sppeeach (HPA),
Deputize
Approach operatioas With Kom o §-21 107 05 1-Bx30t 05910
vertical guidance {APV-T) {520y [31] it any periSs 009909

appioach
Approach operations with 16.0m Sdm t-2x 107 bs 1-Bx gt 00
vastical guidance (APY-H) s 26m inany pesiSs 0.00009
appreach :
Calegosy Eprecision appeoach 169m fmieddm  1-3x(07 65 1-gx 10! o le
(Noiz 7) {52m) ORI3N iy per L5 099999
{HNote & approach

NOTES.—

1. The 93th percentile values for GNSS position ervors are these required for the intended operation at the
lowest height above threshold (HAT), if applicable. Detailed requivements are specified in thivd schednte and
guidance weterial Iy given in ICAC Annex 10, Vol, I Aticelment C, 3.2.

2. The definition of the integrify requivement ticledes an afert limit agolust which the regnivemtemt can be
assessed, For Category I precision approach, a vertical dlert limit (VAL) greater than 16 m for u specific
systen design may only be used if a system-specific safety analysis has been completed, Further guidance on
the alert limifs is provided in JCAQ Annex 10, Vol. I Attachwient C, 3.3.6 to 3.3.10. These alert limits are:



Typical operation _ © Horizontalaleri fimil  Vertical alegt Yinit

FEo-joule {oreanicfcontinental T4 ke Hin

fow density) L AHM)

En-ioute (continenlal) 1.7km WiA
(2 NM)

En-Toute, ' - 185 km MN/A

Tesruinal {1 NM)

NPA 356 m NiA

. ) 0.3 NM)

APVI ’ 40m 50 m
(130 1) (164 )

APV 40 m 200m
{130 83 (56 )

Category 1 precision approach 40 m 35.0m 1o 10.0m
{130 ) {115 &t 33 )

3, The accuracy and thiie-to-alert requirements include the naminal performance of o fadt-five receiver.

4. Ranges of values are given for the continuity reguirement jor en-voule, terimingl, initiel approach, NFA and
departure operations, as this requivement is dependent npon several factovs incheding the intended operation,
traffic density, and complexity of aivspace and availabiiity of alternative navigation aids. The lower valie
given is the mrintimum reguirement for areas with low iraffic density and aivspace compiexity. The higher
valiee given is appropriate for areas with Hgh irafflc densiry and airspace complexity {see fCAO Annex 10
Attachmen: C, 3.4.2), Contimaity requirements for APV and Category { operations apply o the average risk
(over time) of loss of service, normafized lo a 13-second exposure time {see ICAQ Annex 10, Vol |}
Attachment C, 3.4.3).

Typical opesation Tovizontal alerd Kot Verticat alert limit -
En-reule (oceanic/continendal T4km MiA
tow density) ’ : © NM) )
En-route {continental) , C 37 WA
’ EZNM) ’
En-route, . 1.85km NfA
Tenninal {1 NM) '
NPA o s56m ©ONIA
_ o RS
APV A0m 50
{30 {164 &)
APV-1I o 200m
Q30m (66 )y
Calegory I precision approach A 35.0 m o 10.0 o
{130 /) {1151 t033 i)
5. 4 range of values is given for the availability requir Is as fhese reqi ts are dependent wpon the

operational need which Is based wpon several faciors including the freguency of eperations, weather
enviremmeits, the size and duration of the ontages, availability of alternate navigation aids, radar coverage,



]

8.

trafflc density and reversionary operational procedures. The lower values given are the minimum
availabifities for which a syslem is considered to be practical but ave not adequate fo replace non-GNSS
navigation aids. For en-ronfe navigation, the higher values given are odequate Jor GNSS to be the only
nevigation aid provided in on area. For approach and departure, the higher values ghven are besed upon the
avaflability requirements o afvports with a lavge amount of traffic assuming that operations (o or from
mudtiple risnvays are affected but reversionary operational procedures ensure the safety of the operadion (see
ICAO Annex 10, Vol I Attachment C, 3.53).

A raitge of values is specified for Category I precision approach, The 4.0 m (13 feel) requirement is bosed
upon ILS specifications and represents a conservative derivalion from these specifications (see ICAO Annex
10, Vol I Atiachmreit €, 3.2.7).

GNBS performanice requivements for Category If and I precision approach operations are under review and
will be inclded at a later dave.

The terms APV-f and APV refer lo iwo levels of GNSS approach and landing operations with vertical
gridance (APY) and these terms are ot necessarily intended to be used operatfonaily.

Table 3.7.3.5-1.  GBAS lwoadcast power tvansinifted lu ad|acent chanvels

Channef - Felative pover Maximun power
Jsi adjacent -0 di3e F2dBm

20d adjacent . —65 diie ~13 dBm

4l adjacent ~74 dBe =22 dim

8th adjacent —38.5 43¢ ~36.5 4B
161 adjacent | -l08.5d8c ~49.5dBm
32nd ndjacent -105 dite ~53 ¢Ban
64th adjacent ~113 4Bc =51 dBm

76th adjacent aud beyond —115 4Bc -63 dBm
NOTES—

1. The maximum power applics if Ibe authorized transuilter power cxeeeds 150 W,
3. The relationship is linear between siople adjacent peints designated by the adjacent
clwnnels identifled above.




‘T'ble 3.7.3.5-2.  GDAS braadcast anwanted emisslons

Relative powanted Maximmem unwzoted
&mission levid #oisgica Sevel
Freqoency o) o 1)
9kHz to 150 kHz 53 dBc 55 dBw/1 kHe
(Nede 3) (Mota 3)
150 WHz to 30 MHEz ~103 40c ~55 dBm/10 k2
MNole 3} (Note 3}
30 MHz o 106.125 MHz =115 dB¢ ~57 dBaw 100 Ktz
16425 MHz —113 dBe —355 dBa?] 00 3z
107.225 MHz =195 dBc =47 48w/ 100 XHz
107,625 MHz 10548 =51.5 dBoa/00 kHz
07 825 MHz -§8.5 4Bc ~4) § 4Bl kB
107925 MHz ~74 dbc =36 dBm/| kHz
107.9625 MHz =1 dBe ~33 dBraft YA
107.975 MHz ~5 dBie =27 dBm/1 kiHz
118.000 MHz —65 dBe 27 dBro/1 ¥Ha
118.0125 MHz —7l dBe =33 dBm] kifz
119.050 MHz ~74 4B¢ —36 dBmf1 kHz
118.150 MHz -§8.5 dde -40.5 dBa/10 KMz
118350 MHz ~HL5 dBe ~53.5 dBow10 kHz
118.750 Mitz —105 dBc —47 4Di0100 kiiz
119.550 MHz ~1§3dBe =55 Bnif100 kH2
119.850 MHZz o 1 GHx ~115dBc ~57 dBav'100 kiz
1GKzi017 OHz ~1ES dBc —{T dBuv1 MHz
NOTES.—
1. The maximin unwanted emission fevel {albisofuic power) applies if the authoyized fransmiiter power exceeds
150 Y.

2. The refative amvanted emission level is to be computed using fhe sante bandwidth for desived and wnwartied
signals. This may requive comversion of the measurement for wnwanted signals done using the danchidth
indicated n the mavimum unwanted emission Jevel coltimn af this table,

3. This value is driven by ineasurement limitations. Actual performance is expected to be better.

4, The relationship is linear between single adiacent poims desigriated by the adfacent channels identified
above



SECOND SCHEDULE
{Regulations 75 and 77)

VYHF LOCALIZER AND ASSOCIATED MONITOR SPECITICATIONS

Toble A DAIAILS aagle, DALYSVOR and DMETLSAILS chsntoling wnd pairiay

THAR parvoroictns
Yuttarienget lory Raply
Pood sy calen
Chyynd pamicing, FHARAE el
WiE
DAL VHF anglo & Wit Piat P
i F - ¥ 3 xp W 3 3 :’.\_ Im " L g B ) -? £, ‘
misnrbey Y. o MRy o e [T T’u [ Mty P
- - - s - -
"X ko " ik "
"y - - - [21ri] 2] - - L= i
X - - - 1024 02 - - a8 "
nepy - - - ) i 4 - - b eA9 n
"% - - - ey e - - %4 "
sy - - - Ly 15 - - ¥ o4 )
- - - - F o i - . i iz
sy - - - © pod 3% - - b e e
"y - - - 1029 ¥} - - 4 1
gy - - - 1{uy ¥ - - 1 e
¥ - - - § s I - - w1
gy - - - X% %] " - = [T 0
T - - - 10 12 - - e 17
vy - - - 1698 M - - oo W
iy - - - I 53 i - - w4 1
whgy - - - L 682 * - - s |
wx - - - 103 12 - - # 12,
gy - - . NET 7 - - to%s Hy
10X - . . 1 h - - i 12
baslits - - - N 16 - - 5 i n
X - - - iy 2 - - o2 i1
LT - - - I a1 73 - - t 604 n
" - - - T 13 - - ¥ 12
sy - - - 103 3% - - § o 80
AKX - - - 152 iz - - 4 1
Y - - - § b1 4 - - \ B a0
"y - - - ¥ FINE. [H - - 15 [
tjay - - - 1Ok ] - - [ 3301 b1}
"ux - - - 1ok ) - - W16 T}
iy - e - [ R% 5] k') - - [ B30 L1
"Jax - - - t o ” - - v T
gV - - - t O - - - L bak 50




{PAE premrien

Pargpdion Rryly
LA PESY.
Chyeerad paiing INEES 2y
Mia
TR YHE argle b ] Tritis} Frui [odet
churst  fopomy  fegeney chaoned | Progessy | IBEEN | opgoesh spprisxh | Fropsney b
peeeibar MHr Kt Teziba Wl a1 w [ Wla Bt
Vi LY - ~ § 043 12 - - ¥ 12
1 TN LRIt E3] L4 1041 L2 £ 41 [RIC1 b
172 - LREEE t [§CH - i 11 F L] 3}
18X gl 4oz 0010 LIc¥] R 2 12 (33 ¥ 12
LELY - A0k 3 iy [N} - M ] i Fl ]
18y fia 1y L 42 [N} i i Al tibt L
142 B LI L] b2 (RUE - b ki [ B30 (11
19X 1.3 - - [ 33 - - 3] 1
[V'id iy S0 21 1 i) 4 S 4} L] i}
1ar ~ S0dE L 1] (RN - H 2] 31 |31
oy L 45 LEEATN.S TH 044 34 it ii sht i
nw - {319 L) 1144 ~ 2 X il L]
my 10434 LEC L] 144 Rzt 4 M Al LR L]
g - SN E L H 114 - 21 1) [R3ch) 11
Fi{k L[ X ) - - 1 (¥ - - b5 n
HY il 4y 0454 L4h [RLH 12 4 4} (R4 ul
H P = 305} L4 (L] - 1] n § R 13
ey [ LY (B3 g (R0 i Y] [} it I
W - S0k s L} 16458 - e | 5 S84 24
ny 103 34 S0 0 %0 |53 3 k] 41 [ 311 5}
ol - i0M 3 L3113 1045 - Fi| 2 5 L% 1%
iw ik e - - 1 i - - ] 1
1y NEAs LR 452 FCE] 14 » 41 3311 L
2 - 10469 i1 1640 - 3 F (301 [}
24X L[] E W bR | W 143 ] 11 14 4R te
“y - L0y | w) 1043 - M &3 k1] M4
1y FLEW ] LR A 454 i EY 1 k] 4] 1id} HLH
L F - EIC IR ] 453 [RSE - H| U (2211 1]
5 TEE - - 1 (s I - - TE it
F114 {31 SO0 A 35 13 L} k] 4) LEI 1w
patd - SO 111 [ICH - 2 n sEi 15
mx [[[F2e)a S0kt 4 b 1{t%3 2 n 1 ey H
e - L6 Lty LRG3 - M ¥ i 4
m'r iy LRV : 2 4R § lidr bk u 42 [XEE H)
piva - LRI Ay 1 0% - kL 4] IR E 1]
[0 (T8 - - [ EGH " - - R 1}
H irza4 L1211 Y2 111} 'R k) Al [B3L LIt}
F4/4 - L0k H LR Y - H 21 EHA 1%




1) LIs R LE 1% - vH 1% LTSS - wE
o] LI7 2 w Wi ul i BEHIG (13413 Ak
¥ 253 % ki - iy LIAY FEE11AY - M
[ 2 At fl it it Ty (733104 LAl | Xei
§t 2481 [t 12 - v H [$11R1 - H3
o P4 Y ir " o | o rggs Al
H | o) - - zl gl - - 13
it [EER} £ IR - it 115 £#05 - F&a
in EXES iF % W £y ] E14 F¥its L1201 A
2 53 =1 [ - LL 1% IS UM - [
2 7. %) 4 u g w4 FaigE b X W
1] Ty k4 I - =011 153 | ¥t - Fi%T
i3] [EER} ir % i LR FA Eiins [EETH AN
2t ot - - # &40 - - CHHE Wiy
13 3¢ e [t4 i - 9 1143 Vs - Fisd
) [EER! ir " 2] LAUR [ 14 LY SEIE A¥E
14 1 2 [ - ERUR s I'®ig - e
H 13 i) il 4] L OR] %% RT3 il 403 xXei
1 (LI 4 1 - [REH] 75 ~ [43)
AL Wik ¥ k] ¥ 110 AR THES Lie)l] A2
4] Iy - - H sl - - h S XET
| Ml [H [ - He - [t
G 442 ir " ¥ oy LI AN
24 it =3 | 4 - Eis - Mo
i 14 E| ot H ki LGS ¥ ]] hes]
¥l Bl [£4 |14 - fqiH! 245 A - E4 1
143 CIER ir “ L4 Sin o Flss vl Alf
4] A - - il L1 - - e F O] Xt
5l i i i - Ho i 1 By - Y
in PATL te s w Hit L 4 % Yl A
¥l £ 12 K - Fn it 115 filiEs - fi.u)
F4] (1223 11 ] H 4 s kL1133 8 it wi
1] LI EE] 124 4 - bl 3 EALT - P
[ EIER: ir W i il ¥ TiEgs wanl A0T
l e - - | jat | - -~ 48] R
1] (11 R Ik e - 1 fkil s - Fi: s
) 5§y iF 123 B T Ykl e Y 4
] 3 =3 i - i LA TN - ik
T 5 % S 1 kg png LaE 1 h (74
ot h wf w wf =i i ETY LT gt
wpen  Aviembany | by el | bapin | Kenmbesy T Aeebal dmembay e
=l L FHs) Wi i 44 sl
LRl
o L) By sy
D KR
Apbed ucppbaene

wmima )




DR pemersetenn

ﬂ#r

Frberyguiion
Falw mdior
Ciwersd paicing IME4 mrode
MLE .
e VHF e M Wi Fasd Pabwe
] ey Iregamy A Fempueney | DMEEN | approuch  spymuch | Proquony coden
rumder - Ml MH: e | M o o o Wi "
K 110 - - 166 12 - - Te0) P
WY 101y sem 494 {05} 1 » 4 I by 10
[ - L0335 a4 ) - U il ¥%73 is
W% 110%5 3084 7YY ) 1 ” 1 1 o0l P
s - $ 0809 oY) 1064 - 4 Y 10l H
«y HosY 3043 584 I 64 LY as " EEs? 0
] - $0874 @1 Y - 2 Tt (] i
wy 11045 - - 1065 12 - - 5O 12
oy M 1T F sat i %63 % 4 . N
#2 - $ 0307 [ 1 16% - 2 2 b8 1
“ 0% SOA2 s 1 066 n H Ty 300 [}
MW - L] 24 1004 - M ¥ 1@ 9]
oy HEds  Sfsa0 ) 1068 i P & 1itd, W0
al . SOy 1 1065 - 2 2 1480 1
Hx HEBD - - (063 1 - - 3004 12
oy HOBS  ShwE - e 1 41 _us m Q $189 0
7 - S0%R 5 {083 - 2 LT 1%
X (AW S0EE 24 1063 n i I § 80§ 12
HY - S50 | ] } 4k - M » 1005 M
Y navs  saMa e { {6k I » 0 Vidt W
uz - s$aNy - M8 0k - 3 0 ) 1]
oy Ham - - 1068 i - - b 106 1z
oY oMt 0MA 24 1 ™ 4 1Es2 0
Pt - s0a | o8] indd . - ] il (82 i5
Y HONY  SEM4 37} 1680 1 b " $o00 7]
P - Y 3 e - M » ol 4
“y 095 $ivdd P b . M I 4 T 0
“l - $ 061 7 o 1% “ 2 2 3 13 18
a0 mw - - 11 I - - 3 1)
oY ot sodin ) 1 14 % al HiM l
o - § 01 £l i - n Fl] 337 1]
@K il sonn 33 . m R n 1% $ 000 [}
o - $0404 1 1 6% ‘- M » L
ay A SodR ) 11 16 » . Tt M
" - 16619 fh) fo1 - Y Pi] 3188 1
WY L - - L)) 12 - - §e T
% HE2S SGA2 - M 167 1 % o P w
" - 64 101 - 2 71 1]

S04 5

Fidg




PAJE parmrmcirn

i, Boply
el wsdinn
Ul g EE mundn
HiLB
ThER ViR negle ms | kg Fimd Fukis
chaneel  Froqaeny  feqaany  oeod | Prgpewy | TAEM | mgrech  mpponh | Fegemsey oo
trasiba -2 T b Mtz ™ " v) Ms B
L) S 1 { § - S04} L 10 13 I2 LY 1] [ ¥]
Ny - 0419 9% 104 w M L] (1131 e}
Sy ity $ i & H04 e ) 35 ) Ly (1114 1]
o - E3i5 0 Hi 1O ~ 2l K3 L is? 5
SIX 4 - - FRiLl 12 - - bdi2 [#
L1k 4 X} L4 [ 167 L K 4 (337 H]
3z - S0 Y (Y] 3 10§ - Fii Fi] [ 4351 15
32X Hesds Siuil 2 b1t} [ Fir k2 i 4 ik 114 [}
8w - Sl 4 533 T e - M ¥ [ R el
1Y 1th 43 LY ({5 1% ) o LH] [732] 1]
Y74 - $0643 Bl {0 - K 2 1139 tE]
Y Hide - - itn 7] - - 3321 1
LY 115 8% RRC T [} [ Rirz] k11 M 41 (J 1] i
82 - LY L 61} t6n - 2 F-ul ita [}
ax PHE 64t B b3 00 10k 1] I3 % 018 [H
W - s 1 97 ton - 24 b3 [ il
uy HY% LT al4 [ b1 b3 %1 [RLt] L
a7z - 4 it g (A1) § (7 - 2 n [ 1 15
¥ Fh i - - i [} - - 3311 iz
9y 1A% LYFY k& 1% " B 4 1R 1]
574 - S D (3% i - b]| N [ 91+ 15
%X Mge s S5k 1o 12 12 % TF 12
“w - %427 L5 i {5 - a » 7 4
LY {E12 1 Shes 4 (.05 1 11883 b* 3 L £ Yidd H
@y - LYY 6l¥ [§i>] - ]| Fi [R11] -1
§TR {1 10%5 - - [Xi:t] 12 - - bl 13
L343 1508 - - { {41 14 - - Kisd 0
SX HLib - - 1 {6l [¥] - - k&Y 2
ay HFRE - - (i3] 14 - - [ 325 L]
"Wy HL1¥% - - 0.3 ] 12 - - § 23] 12
LA PE Y . - 1183 1 - - T
i 1 4 - - - 1 ¥ - - 1:+3) 12
Ll i 1 - - - [31:1) " - - (17 0
b 15 - ~ - H8f 12 - - b &g (1]
Y - - - 1008 0] - - (A L] w
(L4 - - - § (s 13 - - kel 2
1 - - - (31 $4 - - (377 10
49X - - - 553 2 - - {2 ] 12
"y - - - 1142 “ - - Vs 3




(RSH perctens

Srimrgdian Peply
Sdm e
Uhserrad g PR wvoii
MR
[ VH? egde M S Iritiel Fial e
thand frogaesy fogeeey charndd | Frequrcy | [REEM | gprech  spprusd | Fropesn ecde
ooy MiHe MHs ToeEiber M pa it fx 6, m
oY - - - 11131 12 - - | i2
gy - - - 3L+ 14 - - [§e4) L}
X . - 1 {6y 12 - - (3 [T}
iy - - [N s ] - - | ] L]
YA - - i1 12 - - 1333 2
oYy - - 1 e 4 - - 9] iy
b 159 - - X121 2 - - 1234 2
Y - - HON 11 - - Hiz ! 1]
LEE 1 - - 102 §2 - “ 38 I
Ay - - (1071 b - - o] 1%
LK - - | (¥ 1”2 - - i 1
oYy - - 169 L] - - 1080 M
X s - 3021 i2 - - ks K
1474 11238 - G 14 - - RG] n
119 1114 1073 12 - (51 12
"y (1243 198 6 - $4h2 19
7Y Hiw - - 104 12 - - §EMD il
Y 11138 - - i 4] - - 108 ] W
X 116G - 17 12 - - tirn [F4
Y [1F1.11 " (RG] i4 - - [T 2] iy
1 HLm - - [RLL tE - 1} 12
gy s - - 1{n% 1 - By W
3.1 T84 - - (3100 12 " [§1¥ 1
sTSY 1183 - - | i¥rs LT - fo4 i
[L TP - - 1 1N I} - LR 12
{114 [E29Y B - | ixh % - [RL w
i 1115 - - (B 13 - 11r4 M
7] o - - (QUH ) - 10 In
Tax [[RR[) - - (AL 11 - - 1 tas 2
"Ry Hilt - - i H 16 - - [E V] W
X 1185 - - 11 [ - - It [}
v 4 1e1 2 - - i i3 - - [l u
KX 1nysd - - 1404 12 - - 1ER? ]
By s % Ivid it 2] 1iH 14 n 4} LA ]
o - St s FRLI) - n H (2] 15




L 1] SR L5 I i L] | %)% F41]
i ik 2 w i 1111 il il LEA a0 Ash
1] 111 - - ¥ it - - AL LY
5k [A7AE] 7 [ - @bt L TR - A
13 ¥l 14 W b #H Fi YRGS skl A
4 [ I - v ] 21 - = (=2 31 X
111 [asiR [+ I& Y10 Tk FEADS - n
£ Teoy b ) # i i LETHI R LExll Als
¥l Bl - - 4] 31N - - 22 2 Xin
Al 1547 o [ b4 - il HE] ER TR - i
It LR it “ i ¥itl ) HHEHIR 11341 Al
H| iy - - 7 ¥t - - SR LT} i
11 1593 I |4 - 1l 4% [ LR - i |
I {28 ik 13 k) " E3y by 34 1] EAG]
H WYy e I | i - - Wl Xes
b 13l k4 " - HIE] [EX] 180894 - TR
Iy Ly ir » 14 CHA ad LA L LY ] A
! (IR - - | it - - ol kit X
5t ol L t - 1tr k1L gy - FLt]
Ir§ w1 ir W hal BN i P Pei A LA L] An
4 [JER] - " Tt BN - - Rl Al Xl
11} ok 13 1 - CH IR 1% Al - Facz)
i Ly ir w w it 3 i [T NEEEE As
H IRAR| - £ nH A - - R4 Wk
3] el [H 1z - A (EL] FINGS - P!
i Sl g iw W b LN} P nieg 11731 A5d
Ti iy - " | A - - THEL b3 %]
N ] fain 1 [} - il ) £ [ £ TaN - Fex
15 |5 E T " 15 ail ¢ N X CLIAN SLEH A
0 1239 - - H ik E - - N HE e
113 o d i 1 - HoN| [E2) [ R 1RY - TN
L] | 3k ] i - x| (U] WM 800 Wl 459
i M4 4| IN] - - gt EAT
1 [Tk i [} - ER) 4 LT - A
i ki ir e ' i F [ 2 &S M bl A
Zl P - " Il i d - - AL LG
st orad i [ 3G 33 0] 5 - L4k
513 g ir w i b | L] LIRS el EqL: ]
it L2 - - | kit | - il Xiy
ar # & [ it Y EnE G VR A
wpen  Aveehan) | oapmeedle geedde | opyanng | seamber) | ovearem fteabay bxabay peanp
bty ey ERt] 5 7 A IHA sl
LRL]
s Fr) T pun. )
i i
sply e

wrremd |




Etarregntion Regly
Prodow v ’
hasrdd ity [ moda
MLA .
DR Vi wogle MI# : Tritiad Piwl Pabe
e froquamey  Treguency dared | Froqamey | TAEH | mproech  approad § Proqamey  codor
romikex MH: MH e WiHx o T [ MHA P
™K AT - - IRIT) 1 - - gk 12
oY 1435 S84 541 17 " ] 43 § 638 0
7 - sosd 649 (Rt - n i 20 1]
91X 1485 - - 1L 7 - - ] 1
oY 1A S0 K82 FHS ] » P} 1886 0
82 - SO A 1 - 2 1 12 1
PaX 14 - - 11% [} - - § ERY n
WY 11498 iME a1 1% 3 » 4 K os) 1y
62 - $0%0 &9 (FF0) o n 1687 1
o 11409 - - 1] F) - - k 464 13
Iy 1$04 Surre 844 114 7] » 4: 1 ¢58
W - Suns 65 i - 1 bS] 2 20% "
Y (TEAE - - (511 " - - R3] i
wy 1543 SO 55 Ei2) " g0 41 ) 20 0
92 - U8 §1 i - 2 b3l 189 18
W 153 - - 1193 1 - - 06 1"
1% tsas S04 £33 112 ¥ Y] 3 ¥ 60 1
iz - somt Iy AL - 1l 1] 3 &) 13
1 1i35) - - 37 (F) - - Y ER? ]
iy (1434 LU%N 56 1024 ) [ 42 b 064 0
i+ - 1) bk 13 Y] '] 1 08 T
X 119 - - 'R 1 - - ] 1
04y i StM6 42 112 " Y M T bl
ine - YY) £4) 1128 - b1 n 1062 1
(0IX 11953 - - (FE (] - - 31 1
Ly 11844 1"} 564 §T3 % » 4 L 06 0
101 - £ 0.5 (7] 1135 - E1 N 1A T
105K 1560 - - L i 12 - - £ 190 n
15 11 somd 66 Fu 17 » a0 3064 0
1032, - LR 4} 12 - bL n 1964 (4
([ Hi% - - Vi §2 - - 3 e0t (F!
104 1Y) $041.4 73 )iz ¥ » 4} £ 064 n
1047, - SM81.7 663 1 - 20 7 Y IR )
0% 1313 - - fia 13 - - 317} f!
sy 1488 (e £ 1% *«§ Y 4 ¥ 568 3
1oy, - $h2Y &7t 1E] - 2 1 T s
16X, HIw - - i1 17 - - 1 EOY ¥
165 HELH $0025 1 119 " o 2 § ) '
1062, - $1&2 9 &1 149 - 2 23 § 069 1




fniwrrogplion Asgly
Pulnt cndn
Chamenl priing DI e
MLE

T VHP angle M8 Seitial Final ™

dural ey feqasey o Proy DRiEM spprowch | Frquey  codm

b MHz M L [ it - - el ™
167K $le00 - - i3I ” - - i 12
1oy T Son2 6N Vi) 14 % 1 T 10
10 - St s 614 k185 - ] n T 1}
106X H&ld - - k13t "’ - - Vv iz
10RY 1S T T % K182 ] -~ 43 (7 1
10az. - s n (357 - H 2 1 1
108X e = - - H18) (} - - b i F
100 11833 SOy 1 £18} " [ 4 T 0
g - Sy ) $13) - Y] 2 (T 1
1K 1650 - - M H - - 11 iz
Y 161y 1 1 @ 1984 % Y] 4 Lot ]
ez - SRSy an 1184 - 20 o et i
Hex 164 - - Y iz - - (31" iz
ey k4 g4 (73] 113 ¥ » a ion 0
e - seas ) 1134 - 2 n 1! 1
X a5 - - i is 12 - - it 12
1Y 11688 S0 2 Y 153 » % 4 1N 8
133 - Y1) s Liss - ] Y] rem is
X a5 - - 1Ix i - - E 2N ¥
1Y 1548 SO S i 1137 % [ 41 oM 0
e - $ 00t & 11y - b n yord 18
1% 6% - - 1158 12 - - I 20t 1t
114¥ g7 ST 4 g i ¥ ¥ 4 161 $
71 - Soiry o $ 58 - # 3l 1.7 1%
$1SX 11655 “ - 1139 12 - - + i i3
HAY 11548 SO0 0 9 X1 o [ FH 10 2
LT - Simy 1 § a9 - 2 i 10% s
AN 169 - - 14 F] - - ¥ 08 )
HeY Héss sts o 3L P %] 4 % P
16z - S0M b o HI4 - 2 3] 147 1]
{m H108 - - I 4 12 - - E3d i
(e {108 S0 04 §10 " [ 4 L] #
1z - St 4 et 114k - f n 1&M I
sy "9 - - 104 12 - - | Hd }!
sy 1L 1T " 1142 b L I 1% #
e - S a1 | 141 - Y] P3] 1oM I
¥ 112 - - 17} 12 - - 1 38 12
Hy (TPt S04 ] 114} » [*] Y 1o o
e - S04 “wh 1 - 24 ] 1 6 1




IR prerarateny

faarmgalion Raply
Flht e
Cheeare i [IMES mode
kA%

TANEF, ViF aglt LA Tritis Final {5
charmel  fre ngeny  thaeel | Progesy | IMEH | geproach sppresch { Froqesny eodim
fuenker M Wt FRexiker ${He 11 ] %3 ERar L]

[¥a0 1w - 144 12 - i M} 12

raY H1K - I 144 L3 - Loft 1]

[FED Y4 - - 1 4% L] - - HlL] i2

iy 1743 - - 1143 L - - (7] 10

(¥R 111% - - 11+ i - - i 13

Y 11345 - - 1145 L - - HE "

13 H 6 - - § 41 1 - " 12 1]

iy LY - 1 tar 1% - - hodd hi

24X " - | 143 17 - K It
Y Hik - i 144 i4 - - e H

1258 1% - - 1142 i - - i 12
"y 0yas - - I 147 M - - 166 H

§ 25N 101 - - (NN i - - 11 12
"Ry 174 - - 1% I - - § ) Lt

P Thew s wetsred exdidhy for mbzol £ldreody

" Thome charrsds ey b wool £ metemal aflotnset vnm saemdary laai,
The mivsery mawn b rearrvaty thee themich b b provide
¥ HAGMRe ok echedifad by wosigarent InE S wavios TIe sssiniata] TRMF pperatang chosre] B, FIX suey be rmdgned
for evergeny w Tha wply fropseey o dosrel Ha 358 fin 003 M) bslae witiad foe L ipensaon o dhe ushrorss)
gecem lmmchior JTATY Qxediads wod P

Chgter 12

oot ot 3 spcenchey rortvet bt peker (38103 etz

beod Pmitd
1k

b VAT w9 Bl i Aenes, 49, Yobana W P 3,




seaqe B e wehre: W 54 mnnde i rot apevati.

Teble B Allowable PRED arpes
Locwien ldnrekeerd Wodr [¥F. N
1 ke ¢ 20 REN o % 4 b (YRS Fraes 1wk A LAY ey PR P iy 55 w1 EETED 0 pokaning.
WS goprowch refven Juters Sreely tn 48 % me g 110 Iy Tisgmety lo R3S we (b U RY
B3 kY2 R B Y wppeond, i FA HiR rs (42 19 Norwdugbng BT 4] 1)
wikerrernt deem lismardy 1k dF w2 390 iy
i A L% 15 05 PO vedentag EAREEE T ¥
fareaty £ 217 v €44 By
an Do 2N PREHAESF2] (T B LR
M MG S approh nifenincs debi ¥ Fh A bR A1 ¥ s kel
i gk paresny mreEepo
3 L8 LEN RN A ] FARE=TIE 11
Tiyoonghoes bick L] g §amd ¥ Fa L3147 s (150 Moy M e rE3 20y
wrbane
woe Ml 13 L2085 i B 3538 1 bk 3TV E
Kty -~ At chatvowscar firont 6 4 i 03 Nod) ba ot LY cprperaac rifrmse distieny ond Bvmgghesd dite dasct antivedh coverage, diar §4 miad




THIRD SCHEDULE
(regulations 33, 141, 150, 154, 167, 171 and 172}

TECHNICAL SPECIFICATIONS FOR THE GLOBAL NAVIGATION SATELLITE SYSTEM
(GNSS) ' '

1. Definitions

GBAS/E. A ground-based augmentation system transmitting an elliptically-polarized VHF
data broadcast. i

GBAS/H. A ground-based augmentation system transmitting a horizontally-polarized VHF
data broadeast. : ’

Receiver, A subsystem: that receives GNSS signals and includes one o more sensors,

Reserved (bitsiwords/flelds). Bitswords/fields that are not allocated, but which are
reserved for a particutar GNSS application.

Spare {bits/words/fields). Bits/words/fields that are not allocated or reserved, and which
are available for future allocation.

Note Al spare bits are set to Zero.
2, General

Note: The following technical specifications supplement the provisions of 117 - 121

3. GNSS Elements
3.1  Global Positioning System (GPS) Standard Positioning Serviee (SPS) (L1)
3.1.1  Nen-Aircraft Elements

31.1.F  Radie Frequency (RF) Characteristics

31111 Carrier phase noise. The camier phase noise spectré] density of the unmodulated
carrier shall be such that a phase locked loop of 10 Hz one-sided noise bandwidth
is able to track the carrier to an accuracy of 0.1 radian (1 sigina).

3.L1,12  Spurious emissions. In-band spuricus emissions shall be at least 40 dB below the
unmodulated L1 carrier over the allocated channel bandwidth.



Note.— The loss in signal power is the difference between the broadcast power in
a2.046 MHz bandwidth and the signal power recovered by 2 noise-free, loss-free
receiver with {-chip correlator spacing and a 2,046 MHz bandwidth,’

4 Coarse/acquisition (C/A) code generation and timing, Each C/A cade pattern Gy(t)
shall be-formed by the Modulo-2 sum of two 1 023-bit lincar patterns, G1 and G2
The GZ2; sequence shall be formed by effectively delaying the G2 sequence by an
integer number of chips to produce one of 36 unique Gi(t) paiterns defined in
Table A-1, The G1 and G2 sequences shall be generated by 10-stage shift registers
having the following polynomials as referred to in the shift register input:.

ay Gl1: X"+ X’ +1; and

by GuXC+xXP+X*+38+ X3+ X2+ 1,
The initialization vector for the G1 and G2 sequences shall be “11E1111111" The
code phase assignments shall be as shown in Table A-1. The G1 and G2 registers

shall be clocked at a 1.023 MHz rate, Timing relationships related to the C/A code
shall be as shown in Figure B-1."

4
t
'
%1 Epoch 2 bps
I r
1023 1023 j { 1023 103 ele.
1023 bh God Cida (1003 Kbps) | —»  Tm —
Al At A2 Al F e AD
Gokt Code Epochs .
H {1000 pet second) f 1} :
| paagoces) |
I
b .
o N[ -
Flgure B -1 C/A code timing relationships

Data struchire. The navigatioh message shall be formatted as shown in Figure B-2.
Fach page, as shown in Figure B-0, shall utilize & basic format of a | 300-bit-long



frame with up to 5 subframes, each of 300 bits in length. All words shall be
transmitted most significant bit (MS1) first,

3121

J.1122

SUBFRAVEY | TIW HoK GPBwaeh rumba, BY acouracy and heath

SUSFRANEZ | TIW B | Egtveneds paranlers

SUBFRANE 1 LW Ho Ephemeds parantlens

SUsFRANEL M TN | Amanac and beath b saletlies 2502, spedial mossagey,
{25 paers} sy monfpaalion, Baya, krnspherk ard UTE

SUBFRANE & M Hoy A e b R satelnes 1-24 0 £ beleveie |
{5 pages) §me a1 OP3 waek tmber

Flgure B — 2 Frame stractare

Subframe structure. Rach subframe and/or page of a subframe shall start with a
telemetry (TL.M) word followed by a handover word (HOW). The HOW shall be
followed by 8 data words. Bach word in each frame shall contain 6 parity bits, The
TLM word and HOW fonmats shall be as shown in Figures B-3 and B-4,

respectively.
FPreamis Resercasd
100 0103 1M 150
12 34 5 6 7 8|9 1061 12 1450617 01920400 UBHNTBPYN

Figure B-3 TLM word format

10W count message

Subframs
[[H]

A

12 3 4 5 8 1 8 910 (E 12 B 1415 16 17 12 19 M M 22 23 M 252N W
Figure B-4 [HOW formal

FEnd/start of week. At the end/starl of week:

a) the eyclic paging of subframes 1 through 5 shall restart with subframe |
regardless of which subframe was last transmitted prior to the end/start of

week;

and

b} the cycling of 25 pages of subframes 4 and 5 shall cestart with page | of each
of the subframes, regardless of which page was transmitted prior to the
end/start of week, All upload and page cutovers shall occur on frame
bouandaries {i.e. Modulo 30 seconds refative to the end/start of week).

Note. -New data in subfiames 4 and 5 may start to be transmitted with any of
the 25 pages of these subframes.
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3.1.1.24

IL12S

L1251

Data parity, Words 1 through 10 of subframes 1 through 5 shall each contain 6
parity bifs as their least significant bits (L8Bs). In addition, two non-information
bearing bils shall be provided as bits 23 and 24 of words 2 and 10 for parity
computation purposes.

Telemetry {TLM)} word. Bach TLM word shall be 30 bits long, occur every 6
seconds in the data frame and be the first word in gach subframe, The TLM format
shall be as shown in Figure B-3, Each TLM word shall begin with 3 preanible,
followed by 16 reserved bits and 6 parity bils.

Handover word (HOW), The HOW shall be 30 bits long and shall be the second
ward in each subframe/page, immediately following the TLM word, A HOW shall
accur cvery 6 seconds in the data frame. The HOW format and content shall be as
shown in Figure B-4. The full lime-of-week (TOW) count shall consist of the 19
L8Bs of the 29-bit Z-count (3.1,1.2,6}. The HOW shatl begin with the 17 MSBs
of the TOW count. These 17 bits shall coirespond to the TOW count at the 1,5-
second epoch thal occurs al the stanl (leading edge) of the next following
subfranie.

Bit 18, On satellites dosigned by configuralion code 001, bit 18 shail be an
“alert” Rag. When this Mag is raised (bit 18 is a “I™), it shall indicate fo (e user
that the satellite user range accuracy (URAY may be worse than indicated in
subframe I and that use of the satellite is at the user’s visk.



‘“Table A-1. Code phase assignnients

Sunlits D ars G dksy First 10 chips
iy FIH dpul {chipn) walt
| | 3 1440
2 P § 1620
k] k] 7 1710
4 4 8 1
5 5 17 1133
é 8 18 1455
7 7 139 1131
g ] 140 1454
3 g 41 1626
10 10 %) 1504
it 1l »2 Ls42
12 12 54 1750
13 13 55 1764
4 4 2154 1m
15 15 81 1775
16 15 58 177
17 17 459 1156
1% 18 476 1467
1% 19 41 1633
p- 1} b < 1715
2 3l n 1746
2 n 414 1783
n n 50 1063
4 u 512 1706
25 b1 m 1743
% 35 54 1761
n i 515 1770
28 28 516 1774
o] » 859 nx
30 30 840 1453
3 3l B4l 1625
32 n 82 1712
e 3 861 148
" He 950 113
" 35 7 1134
" 13 948 1456
" 7k 950 13

¢ hbwmﬁuh&ulﬂd@idﬁﬁh»ﬁnﬂnhﬁuﬂmhﬁﬂﬁﬁm&hl
1" faf W0 Bl chip wodi bt Lot ey <digits wre fha d ocal
lcbq;é;&.}th hllodlpiﬂd.ml«llhpmnum)npdmw T

" Uﬂ_uﬁlﬂﬂﬂmm

e PR sipnal moswbiias 33 Growgh 317 om rriaived fof etber wint (3. g powmd tausinen).

Bit 19. Bit 19 shalt be reserved.

3.1.1.2.5.2  Bits 20, 21 and 22, Bits 20, 21 and 22 of the HOW shall provide the
identification (ID) of the subframe in which that particular HOW is the second
word. The [D code shall be as defined below:



I Code
1 00}
2 010
3 01t
4 160
5 101

3.1.1.2.6 Satellite Z-count. Bach satellile shall internally derive a 1.5-second cpoch that
shall contain a convenient ueit for precisely counting and communicating time,
Time stated in this manner shall be referred 1o as a Z-count, The Z-count shall be
provided to the user as a 29-bit binary numnber consisting of two parts as follows.

L6126 Time-ofweek (TOW) count. The binary number represented by the 19 LSBs
of the Z-count shall be referved to as the TOW counl and is defined as being
eqnal to the nomber of 1.5-second epochs thal have occurred since the
transition from the previous week, The count shall be short-cycled such that the
range of the TOW count is from ¢ to 403 199 1.5-second epochs (equalling one
week)} and shall be reset to zero at the end of each week. The TOW count’s
zero stafe shall be the 1.5-second epoch that is coincident with the start of the
present week, A truncated version of the TOW count, consisting of ils 17
MSBs, shall be contained in the HOW of the L1 downlink data stream. The
relationship between the actval TOW count and its truncated HOW version
shali be as indicated in Figure B-3.

Endstart of weth =] T ~is5s

Decimal equirakonl o &z TOM towb

| Subkame epochs — - | s - |

100793 B j

Devinal equivalon] of HOW messag TOW oot

ey

To akf i1 e ground Jeek-iy, Sk WO of ¢ 30k subdane copdaing 3 acatad TOW oo

Tho HOW R the second word i aach ubimne,

Tha HOW messags TOW court consizla ofihs 1 I8 of tha 2ol TOW cotnt at the 3t o i rart st
Tocamerl fmm By HGW mesdaza TOW ceont bz i actasleaunt 2l o tart of iho nedl subframe, robiply by Foor,
Tha Fie:d subitama oty yynefrmnguly reh the endtlar of dack epoch

A e P

Figure B-5 Time line relationship of HOW

Note..— The above-mentioned epoch occirs ot {opproximately) miduight
Saturday night/Sunday morning, where midnight is defined as 0000 howrs on
the UTC scale which is nominally referenced to the Greenwich Mevidian,
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Week count. The 10 MSBs of the Z-counl shall be a binary represeniation of
the sequential number assigned to the present GPS week (Modulo 1024), The
range of this count shall be from 0 to | 023, s zero state shall be that week
which starts with the 1.5-second epoch occurring at (approximately) the UTC
zero time point (3.1.4). At the expiration of GPS week number { 023, the GPS
week number shail rofl over to zero. The previous 1 024 weeks in conversions
from GPS time 1o a calendar date shal! be accounted for by the user,

3.1.13 Data Content

3,1.1.3.1 Subframe 1 —- satellite clock and health data. The content of words 3 through 10
of subframe 1 shall contain the clock parameters and other data as indicated in
Table A-2, The parameters in a data set shall be valid during the intervai of time in
which they ave transmitted and shall remain valid for an additional period of time
after transmission of the next data set has started.

L1340

3.1.1.3.1.2

Week number. The 10 MSBs of word 3 shall contain the 10 MSBs of the 29-
bit Z-count and shall represent the number of the current GPS week at the
start of the data set transmission interval with all zeros indicating week
“zero.” The GPS week number shall increment at cach end/start of week
epoch.

User range accuracy {URA). Bits 13 through 16 of word 3 shall provide the
predicted satellite URA as shown in Table A3,

Note I.— The URA does not include ervor estimaies due to inaccuracies of the
single-frequency ionospheric delay model,

Nate 2~ 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.



Tahle A-2, Subframe 1 parameters

Numher Seale factor Effeative

Perametat ol linst? (LS8} gt Unils
Week nunsber 10 1 weeks
Satelhle acenrmey 4
Satelbite health 3 1 discretes
Ton g by secouds
[oDe* 1%
b 16 2 604 784 secouds
i g+ b secondsfsecond®
#n i6* b secouds/second
fp 23 P seconds
LI Iers 1o indicaled are bvo's coimgh il sigo et (@ = ovinpying ihe MSE,

4 Bee Fipure B-6 for cotnplete bil allozation.
HY Unless othepaine dudicated in is v oluma, effecvezange it the invdioem reage.

Table A-3. User range accuracy

URA Acoiacy
a 2m
1 28m
2 4m
3 $7m
4 fm
§ H.3m
[ 6
1 2w
8 6 1t
9 128 m
10 256 m
il 512w
12 1 024 m
13 2048 m
14 096

15 Do ot use

31,1.3.63  Health, The transmitting satellite 6-bit health indication shall be provided by
bits 17 through 22 of word 3. The MSB shalf indicate a summary of the health
of the navigation data, where:

a} - all navigation data are valid; and
b} | =some of the navigation data are not valid.

The 3 L5Bs shall indicate the health of the signal components in accordance
with 3.0.1.3.3.4. The health indication shall be provided relative to the
capabilities of each satellite as designated by the conliguration code in
3.1.1.3.3.5. Any satellite thal does ot have a cerfain capability shall be
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3.LE3LS

3.1.13.L6

3.L13.1.7

indicated as “healthy” if the lack of this capability is inherent in its design or
it has been configured into a made which is normal from a receiver
standpoint and does not require that capability, Additional health data shall
be given in subframes 4 and 5.

Noic.— The data given in subframe 1 may differ from that shown in subframes
4 andfor 5 of other satellites since the latter may be updated at a different time.

issue of data, clock (10DC). Bits 23 and 24 of word 3 in subfiame | shall be
the 2 MSBs of the 16-bit IODC term. Bits 1 through 8 of word 8 in subframe
1 shall contain the 8 I.8Bs of the IONC. The IODC shall indicate the issuc
number of data set. The transmitted 10DC shall be different fiom any value
transinilted by the satellite durittg the preceding 7 days.

Note.— The relationship between the I0DC and the Issue of Data, Ephemeris
{IODE} terms is defined in 3.1.1.3.2.2,

Estimated group delay differential. Bits 17 through 24 of word 7 shall contain
the cotrection term, Top, to account for the effect of satellife group delay
differential.

Note.— Tgp does nat include any C/A to P(Y) code relative group delay error,

Satellite clock correction parameters. Bits 9 through 24 of word 8, bits 1
through 24 of word 9, and bits 1 through 22 of word 10 shall contain the
parameters needed by the ysers for apparent satellite clock correction (toc, ap,
ap and ap).

Reserved data fields, Reserved data fields shall be as indicated in Table A-4.
All 1eserved data fields shall support valid parity within their respective
words,

3.1.1.3.2  Subframes 2 and 3 - satellite ephicmeris data. Subframes 2 and 3 shall contain the
ephemeris representation of the transmitting satellite.

3.1.0.3.21

31,8322

Ephemeris parameters. The ephemeris parameters shall be as indicated in
Table A-5. For cach parameter in subframe 2 and 3, the number of bits, the
scale factor of the F.SB, the range, and the units shalt be as specified in Table
A6,

Issue of data, ephemeris (IODE). The [ODE shall be an 8-bil number equal to
the ¥ LSBs of the t0-bit JIODC of the same data set. The IODE shall be
provided in both subframes 2 and 3 for the purpose of comparison with the 8
L.SBs of the IODC term in subfiame 1. Whenever these three terms do not
match, as a result of a data set cutover, new data shall be collected, The



transmitted IODE shall be different from any value transmitted by the satellite
during the preceding six hours (Note 1), Any change in the subframe 2 and 3
data shall be accomplished in concert with a change in both IODE words,
Change to new data sets shall occur only on hour boundaties except for the
first data set of a new upload. Additionally, the (., value, for at least the first
data set fransmitted by a satellite after an upload, shall be different from that
transimitted prior to the change (Note 2).

Table A-4. Subframe 1 reserved data fields

Wutcher Stale factcr Elfciine
Prnswiic of bt [LSB) rangat Unin
Week numbes 10 4 weeks
Satellite accuraey 4
Satellile haalth [ 3 diseretes
Ten B* M ooty
0DC 10
tu 16 2 604 784 seconds
At 34 s weoondsfecond?
n 164 bl second:Mecond
F ne Pl seconds

¢ Puzmetens woindicated e txo's compdiessnl, with tha sign ke (¢ or =} secupyisg by M5B
W L Figrue B-4 For complata bit allocarian
1V Unlais othuroise indieassd In this colum, s ffective reage in tho eaninnom csgs.




Table A-5, Ephemeris data

M,
An
e
JA
OMEGA,

ip
W

OMEGAROT
DOT

Cue

Cy

Cr

Cn

Cic

Ci

lea

I0DE

Mean anomaly at seference time

Mean motion difference from compuled value
Eccentricity

Square root of te semi-major axis

Longitude of ascending node of orbit plane at weekly epoch

Tuclination angle at seference Hme

Argument of perigee

Rate of 1ight ascension

Rate of inclination angle

Amplitude of the cosine bamionic correction term to the argument of tatitude
Amplitude of the sine hatmonic correction tern: to the argnment of latitude
Amplitide of the cosine harmonic correction tem to the orbit radius
Amplitnde of the sine hamionic correction teom to the orbit radius
Anplitude of the cosine hanuonic correction term to the angle of inclination
Amplitude of the sizie hanuonic correction tenm o the angle of inclination
Reference lime, ephemeris

Issue of data, ephemeris




Table A-6. Ephemeris parameters

Nuisher Scale faclor Effective
Paraxeler of bits** {L5B) raopett Liits
10DE 8
Cy 16* v nietses
An 16* P ser-cucles/second
Ma 32¢ pad sent-ciecles
Cy 16* i 1adiang
e 32 2‘:; 0.3 dimensioniess
Cos 16* b yadians
VA 32 A aietres'?
toe 16 2:9 604784 scoonds
Cy 16* b sadians
OMEGA, 32¢ pad semi-cicles
Ca 16* P tadians
[ 32* ¥ semt-circles
Cy 16* 2% melres
W 32f ¥ semi-circles
OMEGADOT 24* ¥ semi-circlesfiecond
iDOT 14% i semi-circlesfsecond

*  Parameters 30 indicated are two's complemeny, with the sign bil {+ o1 ) soopying the MSB.

4*  See Fipwe B-4 for conmplela bitalioeation in subfrane,

1% Hodess otherwise indicated in this column, effective tauge is the maxionon 1ange alfainable with the indicated bit
allocation and scale faclor.

Note 1,— The IODEAODC ferms provide the receiver with a means for detecting any
changes in the ephamerisiclock representation paramefers.

Note 2.— The first data set may change (3.1.1.2.2) af any time duving the how and
therefore may be transmitted by the sateflite for Iess than 1 hour.

31,1323 Reserved dala ficlds. Within word 10, subframe 2, bits 17 through 22 shall be
reserved. Reserved data fields shall support the valid parity within their respective
words.

3.1.1.3.3  Subframes 4 and 5 - support data. Both subframes 4 and 5 shall be subcommutated
25 times each. With the possible exception of “reserved” pages and explicit
repeats, each page shalt contain different data in words 3 through 0, The pages of
subframe 4 shatl use 6 diffcrent formals, and the pages of subframe 5 shall use two
different formwats as indicated in Figure B-6.
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Figure B-6 Data format (2 of 11)
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Fipure B-6 Daca format (3 of 11)
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Figure B-6 Pata format (4 of 11)
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Flgure B-6 Data format (5 of 11)
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Figure B-6 Data format (6 of 11)
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Kigure B-6 Dadn formnt (7 of 11)
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Figure B-6 Data lormat (8 of 11)
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Figure B-6 Data format (9 of 11)
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IFigore B-6 Datn foranat (10 of 11)
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Figure B-6 Datn format (11 of 11}
Pages of subframe 4 shall be as follows:

(a) Pages 2, 3,4, 5,7, 8, 9and 10: almanac data for satellites 25 through 32
respectively. If the 0-bit health status word of page 25 is set to 6 “ones”
(3.1.1.3.3.4) then the sateltite 11 of the page shali not have a value in the
range of 25 through 32;

Note.— These pages may be designed for other functions. The formal and content

for each page is defined by the satellite D of that page.
{b) Page 17: special messages;

{c) Page 1B; ionospheric and UTC data;

(d) Page 25; satellite configurations for 32 satellites; and

{e) Pages 1,6, [, 12,13, 14, 15, 16, 19,20, 21, 22, 23 and 24: reserved.



Pages of subframe 5 shall be as follows:

311331

3.1,1,33.2

a) Pages 1 through 24; almanac data for satellite 1 through 24; and

b) Page 25 satellite health data for satellite ! through 24, the almanac
reference time and the almanac reference week number,

Data ID, The two MSBs of word 3 in each page shall contain the duta T that
defines the applicable GPS navigation data structure. The data ID shall be as
indicated in Table A-7 in accordance with the following;

a} for those pages which are assigned to confain the almanac data of one
specific satellite, the data ID shall define the data structure utilized by that
satellite whose almanac data are contained in that page;

B} for all other pages, the data 1D shall denote the data structure of the
transinitting satetlite; and

¢) dataTD *1” (denoted by binary state 00) shall not be used.

Satellite ID. The satellite 1D shall be provided by bits 3 through & of word 3
in each page. The satellite [Ds shall be utilized tvo ways:

a) for those pages which contain the almanac data of a given satellite, the
satellite 1D shali be the same mumber that is assigned the PRN code phase
of that satellite in accordance with Table A-1; and

b) for all other pages the satellite ID assigred in accordance with Table A-7
shali serve as the “page ID™. IDs 1 through 32 shall be assigned to those
pages which contain the almanac data of specific satellites (pages 1
through 24 of subframe 5 and pages 2 through 5, and 7 through 10 of
subframe 4). The “¢" TD (binary all zeros) shall be assigned to indicate a
dummy satellite, while IDs 51 thraugh 63 shall be utilized for pages
containing other than almanac data for a specific satellite (Notes | and 2),

Note [.— Specific IDs are reserved for each page of subframes 4 and 3;
however, the satellite ID of pages 2, 3, 4, 5, 7, 8 9 and 10 of subframe 4 may

change for each page to reflect the allernate contents for that page.

Note 2.~ The remaining IDs (33 through 56) are unassigned.



Table A-7, Data IDs and satellite [Ds in subframes 4 and §

Subfraze 4 Soblrame 5
Page Dalz I Saleliite [D* Bate I Satellite IBY
i " 57 ) 1
e . " e 2
ga b " i; b 3
FLILT Y 27 1" 4
" " "
* 6 (11 ig T é
et " 79 i 7
greee " 30 " §
giers 1" 3t " g
Hress * 12 " 10
1 bk 57 . H
12 e 62 " V2
13 e L) 2k i3
14 " 53 a 14
15 e 54 LA 15
14 sre 5 " 14
17 see 55 b §7
18 " 56 s is
19 ek LSRRl " 9
20 e SutEiee 2] b1
21 e §7 i n
27 "ee goeeeee " 2
23 e FTRLLEY 7 23
| b 62 b 24
25 NEy 63 AR 1

' "0™ indicates “dummy™ salellile. When nsing “0™ to indicate o dnseny salellite, tha data 1D oF the dransmuitfing satellite iy
used.

Dol IDof thatsalellile whose sateliite [D appears in that page.

1t Dals 1D of transmitting salellite.

Mo Papes 2 3,4,5,7, 8, 9 and §0 of sublime § raay contain almanae dels for salellites 25 reugh 33, respoctively, or dan
for other functivas asidentified by a differenl satelbite 1D from Ge value shown.

b Sateltite ID may vary.

3.1.1.333  Almanac. Pages I through 24 of subframe 5, as well as pages 2 through 5 and
7 through 10 of subframe 4 shall contaiv the almanac data and a satellite
health status word {3.1.1.3.3.4) for up to 32 sateliites. ‘The almanac data shall
be a reduced-precision subset of the clock and ephemeris parameters. The
data shall eccupy all bits of words 3 through L0 of each page except the 8
MSBs of word 3 {data 1D and satellite ID), bits §7 through 24 of word 5
(satellite health), and the 50 bits devoted to parity, The number of bits, the
scale factor {LSB), the range and the units of the almanac parameters shall be
as indicated in Table A-8. The almanac message for any dummy satellite shal!
contain alternating “‘ones” and “zeros™ with a valid parity.



3113331

3113332

3113333

311334

3113341

Almanac teference time. The almanac reference time, t,,, shall be a multiple
of 27 seconds occurring approximately 70 hours after the first valid
transmission time for this almanac data set. The almanac shall be updated
often encugh to ensure that GPS time, t, will differ from t. by less than 3.5
days during the transmission period. The almanac pacameters shall be
updated at Least once every 6 days during normal operations.

Almanac time parameters. The almanac time parameters shall consist of an
11-bit ¢onstant term (ap) and an 11-bit first order ferm (ag).

Almanac reference week. Bits 17 throngh 24 of werd 3 in page 25 of
subframe 5 shall indicate the number of the week (WN,} to which the
almanac reference time (L) is referenced. The Wi, term shall consist of the
& L.SBs of the full week number, Bits 9 through [6 of word 3 in page 25 of
subframe 3 shall contain the vaiue of t;, that is referenced to this WN,,

Health sulﬁmary. Subfirames 4 and 5 shall contain bvo types of satellite health
data;

a} each of the 32 pages that contain the ¢lock/ephemeris related almanac
data shall provide an 8-bit satellite healih status word regarding the
satellite whose almanac data they carry; and

b) the 25th pages of subframes 4 and 3 jointly shall contain 6-bit health data
for up to 32 satellites.

The &-bit health slatus words shall occupy bits §7 through 24 of word 5 in
those 32 pages that contain the almanac daia for individual satellitcs. The 6-
bit health status words shall occupy the 24 MSBs of words 4 through 9 in
page 25 of subframe 5, and bits 19 through 24 of word 8, the 24 MSBs of
word 9, and the 18 MSBs of word 10 in page 25 of subframe 4.



Table A-8. Almanac parametess

Number Seale factor Fffeclive
Parameter of bils** {L3B) ringe**® Unils
e 16 2 dintensionless
e 3 Y A 602 112 seconds
5 i6* i semi-circles
OMEGADOT 16* 73 semi-ciselesfsecond
VA 243 gt meliest”
OMEGA, 24 it semi-cicles
w© 24* i senti-circles
My 4% P seii-clrcles
4 1t ¥ seconds
an 1t 2% secondsfsecond

+ Parsmelers 5o indicatedd are bvo's complement, with the sign bit [+ o1 -) occupying the MSB.

**  See Figue -6 for complele bit alocation in subframe,

¥4t Unless otherwise indicated in this colunm, ffeclive range iz the waximum raoge altinthle with the indicated bit
atlocation and scale factor.

*ie¢ Relative toiy=0.30 semicircles.

3113342 The 3 MSBs of the 8-bit health status words shall indicate health of the
navigation data in accordance with the code given in Table A-9. The 6-bit
words shall provide a [-bit summary of the navigation data’s health status in
the MSB position in accordance with 3,1.1.3.1.3. The 5 LSBs of botl the 8-
bit and the G-bit health status words shail provide the health status of the
satellite’s signal components in accordance with the code given in Table A-
10,



Table A-9. Navigation data health indication

Bit position in page

137 118 i3 Todisation
Q 0 ALL DATA OK
0 n 1 PARITY FAILURE - some or all parity bad
8 1 0 TLM/ROW FORMAT PROBLEM — any departure from stndard formm
(e g preamble nusplaced asilor incomect), except for incorrect Z-counl, a5 seported
i HOW
1 1 1 ZLOUNT in HOW BAD —— any probleny with Z-count value not reflecting
achuat cods phase
i ] [ SUBFRAMES 1, 2, 3 — ane or mare elemenls in Words 3 through 10 of one or
more sublranes are bad
1 Q ] SUBFRAMES 4, 5 — one or more elements in words 3 through 10 of one or
wiose subfranses ave bad
1 1 4 ALL UPLOADED DATA BAD -~ one or more elements in words 3 through 10
of any one (or more) whGaues are bad
1 § 1 ALL DATA BAD — TLM word andfor BOW and one or more elenutats i any

obe {or more) subftanies are had

TFable A1 Codes for health of satellite signal components

Ma

E5B Tndie atien
0 0 1] o ALL SIGNALS OK
1 i ] ¢ SATELLITE IS TEMPORARILY QUT - do nod use this satellite
dvang coment pass
| i i 1 SATELLITE WILL BE TEMPORARILY OUT —use with caslion
t 1 H L] SPARE

All ciher comhinalicns

1 MORE THAN ONE COMBINATION WOULD BE REQUIRED TO

DESCRIDE ANOMALTES, EXCEPT THOSE MARKED BY

SATELLITE EXPERIENCING CODE MODULATION ANIDMOR
SIGNAL POWER LEVEL TRANSMISSION FROBLEMS. The user

1y experience intermitient tracking probleaws if satelle is acquued.

3.1.1.334.3 A special meaning shall be assigned, to the 6 “ones” combination of the 6-
bit health status words in the 25th pages of subframes 4 and 5; it shali
indicate that “the satellite which has that IE is not available and therc may be
no data regarding that satellite in the page of subframe 4 or 5 that is assigned
to notmally contain the almanac data of that satellite”,

Note. - This special meaning applies io the 25th pages of subframes 4 and 5
oufy. There may be data regarding another sateliite in the almanac page
referved to above as defined in 3.1.1,3,3.3.

3.1.1.3.3.44 The health indication shall be provided relative to the capabilities of each
satellite as designated by the configuration code in 3.1.1.3.3.5, Accordingly,
any satellite that does not have a certain capability shall be indicated as
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“healthy” if the lack of this capability is inherent it its design or it has been
configured inte a mode which is normal froms a recelver standpeint and docs
not require that capability. The predicted health data shall be updaled at the
time of upload.

Note 1.— The ransmitted heaith data may not corvespond to the actual health
of the transmitting satellite or other satellites in the constellafion.

Note 2.— The data given in subframes I, 4 and 5 of the ather satellites may
differ from that shown in subframes 4 andior 5 since the laiter may be
updeted at a different time,

Satellife configuration summary. Page 25 of subframe 4 shall contain a 4-bit-
long term for each of up to 32 satellites to indicate the configuration code of
each safellite. These 4-bif terms shall occupy bits 9 through 24 of wotds 3, the
24 MSBs of words 4 through 7, and the 16 MSBs of word 8, all in page 25 of
subframe 4. The MSB of each 4-bit term shall indicate whether anti-spoofing
is activated (MSB = 1) or not activated (MSB = 0), The 3 L8Bs shall indicate
the configuration of each satellite using the fotlowing code:

Code  Satebite conBguntion

o0 Block THIIAMIR. satellita
01¢ Block IIR-M satellie
L)) Block IIF <atellite

UTC parameters. Page 18 of subitame 4 shall include:
a} the parameters needed to retate GPS (ime to UTC time; and

b} nolice to the user regarding the scheduled future or past (relative to
navigation message upload) value of the delta time due o leap seconds
(tesr), together with the weck number (WNysg) and ihe day number (DN}
at the end of which the leap second becomes effective. “Day one” shall
be the first day relative to the end/start of week and {he WNisr value
consists of the 8§ LSBs of the full week number. The absolute valve of the
diflerence between he untruncated WN and WNige values shail not
exceed 127.

Note— The user is expected to account for the truncated noture of this
paranieler as well as truncation of WN, WN, and WiNgsr die to rollover of
the full week number (3.1.1.2.6,2).

The 24 MSBs of words 6 through 9, and the 8 MSBs of word 10 in page 18
of subframe 4 shall contain the parameters related to correlating UTC time
with GPS time. The bit length, scale factors, ranges, and units of these
paramceters shall be as specified in Table A-11.



311337  lonospheric parameters, The jonospheric parameters that allow the GPS SPS
user (o utilize the ionospheric model for computation of the ionospheric delay
shall be contained in page 18 of subframe 4 as specified in Table A-12.

30,1338 Specizl message. Page 17 of subframe 4 shall be reserved for special

messages.
Table A-11. UTC parameters

Bumber Scals Factor Effective
Puanster ofbils** (1L5B) tanga’* Units
A, 32 7% seconds
Ay 24* 7% seconds/second
Atyg g* i seconds
tor 8 bl 602 112 seconds
WHN, 8 ] weeks
Wi er 8 1 weeks
DN greas t 7 days
Afpsp B* i seconds

¢ Paramelers so indicated are bwo's complement, with the sign bit (+ of -} occupying the MSB.

*r Sea Figue B-6 for complate bit allocation in subframe.

04 Unless othenwise indicated in this colunin, effective range is the maximum range altaimable with the indicated bit
allocation and scale factor.

#1#8 Ripht justified
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Table A-12, UTC parameters

o = 6,80y

D: = d;@D'}q

0 = dj&D'g,Q

Dy = 52.190‘30

Dis = D.nmd;@dzﬂ)d,QtI;@dgﬂ}dm@ﬂu@linﬂ)du@du@l‘|r®t|lg$d;o${fﬂ
Dy =Dp@4®d0d8E0LDd, 04, 08,04,84,@d,0d,8d, Ty
Dy = D:ay&d;&d;ﬂ)d;@d;@da&dn dp @i BdyPdy DD d, Ddydidy,
Dy = D.»ed:QdiEBd;ﬁB(16@ds@dyﬂ)dnQdu$d11@du$d:;@dm@dn$dn
Dy =Dpdddddddd,0ddd,Bd,Dd),Bd)1Pd®d;0d,,Ddy DD,
Du = DuB®a®d®dddedhddo®d,0d,Sds@d®dnddyPdy
where:

Dy, Dy, Dy, ... Dy, Dy are the bits transmitted by the satediite;

Dy;. ... Dy are e conipated pagity Wits;

dy, dy. ... day are the souree data bits;

@ is the Modulo-2 or “Exclusive-Or” operalion; and

" is used 10 idemify the Sast two bits of the previous word of the subframe.

Parity algorithm. GPS parity algorithms are defined as indicated in Table A-14.
Satellite clock correction parameters. GPS system ke t is defined as:
t= te - (ﬁtw)hl
where
t = GPS system time (comacied for beginning and end-of-week ciossovers);
L, = satelite time at transmission of the meszage;
(Aty)yy =  the satellite PRN code phase offset;
(Mot = a+ anlt—toe) + 2p{t ~ ) + At~ Ty



where

apm, an and agz and ti;, ave contained in subframe 1; and
At = the relativistic cotrection term (seconds)

At = Fe A sin By
where

e and A ate contained in subfames 2 and 3;
B\ i5 defined in Table B-13; and

2 e
F= (f Y 44080763310
<

where

B = WGS-84 universal gravitational parameter (3.986005 x 10" m'/s%)
¢ = thespeedof light in a vacuwm (2.99792458 x 10%m/s)

Note. The value of tis intended to account for the beginiing or end-of-week
crossovers. That Is, if the quamity ~f,. is greafer than 302 400 seconds,
subtract 604 800 seconds from 1. If the quantity -6y is less than —302 400
seconds, add 604 800 seconds to 1.

3.1.2.3  Sateilite position. The current sateliite position (Xx, Yi, Zi) is defined as shown in
Table A-13,

3.1.24  lenospheric correction. The ionosphetic correction (Tien) is defined as:

2 xt
Fx is.oxno-‘* +A?-!P(1--—+—)],fxl <157

2 24 (58 )

F
Thone™

F{50%10%) + Ixi21.57

whese

3
AMP= {zﬂ“"ﬂ‘- AMP 20 (seconds)
n=
HAMP <0, AMP = 0

om(e50400)
X = — ey {radians}
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PER= ZB!‘- m, PER=72 000

=l

ifPER < 72 000, PER =72 000

(seconds)

3
)]
PER= Zﬁ“q}’“‘ PER=72 000 (secends)
n=0

if PER < 72 000, PER = 72 000
F=1.0+16.0{0.53 .- E}

u, and f3, are e satellite iransmitied data words withn—=0,1,2 and 3

bo =0+ 0.064 cos (4~ 1.617) (semi-circles)

Prsin A L.
Ao o=kt (semi-circles)
§

cosd

¢y =du+ v cos A (semi-circles)

=, if || =0.416
¢i= {dy= + 0.416iF ¢ > 0.416, ; (semi-circles)
dy= -0.416 if §y < -0.416

_ 0.0137
T E+0.11

-0.022 (semi-circles)

b

t = 432x10*) + GPS time (seconds) where 0 < t < 86 400,
therefore; ift == 86 400 seconds, subtract §6 400 seconds; and
if 1 =< 0 seconds, add 86 400 seconds

B = sajellife elevation angle

The terms used in computation of ionospheric delay are as follows:



ad  Satellite transmitted ferms

v

]

Uy

Pa

= e coefficients of a cubie equation representing the smplitiede of the vertical detay {4 coefficients —
8 bits each)

= the caefficients of a cubic equation representing e period of the model {4 coefficients = 8§ bils
each}

Receiver generated lerins

E
A
¢\.
Ao

GBS line

it

elevation ongle between the user and salellite {senti-eireles)

= azimuth angle Letween the uscr nod safellite, measured clockwise positive from the e Noh
(semicircles)y

= wser peodelic Intitnde (semu-circles) WGS-84

user geadetic lougiinde {semi-circles) WG3-84

receiver contpuied systea fme

i

Computed terms

P

<

= phase (radians)
= obliquity factor (dimensionless)
= {ocal time (seconds)
= gepmagnetic latifude of the earth projeciion of the fonospheric infersection point {mean ionospheric
Lieight assumed 350 km) {semu-cireles)
= geomagnetic tongitwde of the earth projection of e ionospheric intersection point (senti-eircles}
geamapaelic aftude of the earth projection of the ionespheric interseclion poinl {Semi-circles)
= eurth’s cenfral mgle behveen vser position and earth projection of joapspheric infersection poini
(semicircles)
Table A-15. Elements of coordinate systems
w_:; (‘ﬁ‘ Eeul-misof aele
— T Cemprted 1nea madion
W=t I.A. Tima from ephomenia roFmvosr fpoch’
LTt Cumrectvd dienn mmotion
Mo My S Mean unomaly
My = Ee—vin Py Wapbed n equitivn Far ecpcnivic Anasaly Graay ba palved Ly ilzealion)

[PREPPR L:14.7") ELLEL T CER LR Y rrraty

Tut vy, G, T e eai )
+
B, = cox T?%;.“:, Eccentils anomaly
R ota Argumeal of Inibivde

Seewnd Hurmonle Preterizeitoie

Elg O 3in Ty U dob 2y Arpument of latitade commestion
diry U 3ln 2+ O,y min ey Hadius eerreciion

Blie = Cy £oF Th + Oy nid 20 Fclinathon carreciian

EERETCNE S T Coyrerred prgument o aifrude
LS LUREE T PR RN Cottected radiug

h = da o+ b EOTIM Coresied inehinalion

MU Py €7 Wy
Fho= rysin uy
Ay = Mg b (B3, & - P, Coteeated lenalludo of pieending noda
= Ky 607 O — ' pees by 3o g

Yur X 2Tl 3 COF 1300 Fx Fant , hefand )
=y aind,

Toaltives ln oortaial plang

* LG PS5 syt at dime of taarcel et £o €UPS i baoctod G rmil dlam freacttecd of Ughty Fesboeare, 4 b e Ll 1}
cly difForezca brimeza thr Lma 4 mad b ekt Lo sod rout souead for begldop e stdabwek ctimrsed Thit b Ik b @i &
| 40 E68 nree L aitdrmct 04 R wtmds Bt b, B 6 (enihin 309 450 ntonll, sl M 170 sreede



313  Alverafl Elements

3.1.3.1 GNSS ((GPS) Receiver

31311

332

31313

31314

31315

Satellite exclusion, The receiver shall exclude any marginal or unhealthy satellite.

Note— Conditions indicating that a satellite is “healthy”, “marginal” or
“unhealthy” can be found in the United States Department of Defense, Global
Positioning System — Standard Positioning Service — Performance Standard, 4ih
Edition, September 2008, Section 2.3.2.

Satellite tracking. The receiver shall provide the capability to continuously track a
minimum of four satellites and penerate 3 position solution based upon those
measurements.

Doppler shift. The receiver shall be able fo compensate for dynamic Doppler shift
effects on nominal SPS signal carrier phase and C/A code measurements. The
receiver shall compensate for the Doppler shift that is unique to the anticipated
application,

Resistance to interference. The receiver shall meet the requirements for resistance to
interference as specified in regulation 117 - 121

Application of clock and ephemeris data, The receiver shall ensure that it is using the
correet ephemeris and clock data before providing any position solution. The
receiver shall monitor ihe 10ODC and TODE values, and to update ephemeris and
clock dafabased upon a detected change in one or both of these values. The SPS
receiver shall uge clock and ephemeris data with cerresponding I0DC and 10DD
values for a given satellite.

314 Time

GPS time shall be referenced to a UTC {as maintained by the U.S, Naval Observatory)
zero time-point defined as midnight on the night of 5 January 1980/morning of 6
January 1980. The largest unit used in stating GP3 time shall be | week, defined as 604
800 seconds. The GPS time scale shall be maintained to be within 1 microsecond of
UTC (Modulo 1 second) after correction for the imteper number of leap seconds
difference. The navigation data shall contain the requisile data for relating GPS time to
UTC.

3.2 Global navigation satellite system (GLONASS) channel of standard aceuracy (CSA)
(LI)

Note. - In this section the term GLONASS refers to all satellites in the consteflation.
Standards relating only to GLONASS-AM satellites are qualified accordingly.
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RF Characteristics

Carrier frequencies. The nominal values of L1 carrier fiequencies shall be as defined
by the following expressions;

fiy = £y + kASy

where

=000 L 6 aee carrier oumbers (frequeney chacaels} of the signals wansmilied by GLGNASS satelliles in
e L1 sub-band;

1 = 1602 MH2; and
Ay = 05625 WiHz.

Carzier frequencies shall be caberently derived from a comnon en-board timaffrequency slandaed. The nominal vabse of
fremenicy, as observed on the ground, shall be equal to 5.0 MKz The camier frequeacy of 2 GLOMASS satellite shall be
wilhin £2 # 167! relative to its nominal value F.

Nota §.— The nomival velues of carrter frequencies for catvier sunbers & arm gl i Tadla B-26,

Nota 2.— For GLONASS-M satellites, the L1 channel of stamdard accuracy (C84) navigation signals will accupy the
J 2428375~ 1 251 6875 MHz 2051 MHz bemdvwidth as deftned by the folloning expressions.

Jur = for + kedfa,
S =1 248 3; Af) = 04375 Mz,
For tuy giver vl of & tha ratle of carrlar frequanciex of ) and 12 sub-bands will bo equal o:
fr 7
fa 9

Table A-16. L1 earrier frequencies

o, e e
Carwies tomabe {Lee Y 203 4) {MH:

1] & 1 a5 3750
a5 5 LSO AL2S
4 -+ 1 G0 2500
L] 3 1 603 6875
2 2 148023250
L 1 1 4G32.5625
L] O 1 $02 00O
—1 3 16084375
-2 30 1 500 750
—-a ) 1 600 1125
—4 =1 1 362 7500
—5 2T I S8 ARTS
-t L3 1 5986250

-7 25 1 3980525
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Carrier phase noise, The phase noise spectral density of the unmodulated carrier shall
be such that a phase locked loop of 10 Hz one-sided noise bandwidth provides the
accuracy of carrier phase tracking not worse than 0.1 radian (1 sigma),

GLONASS pseudo-random code genesation, The pseudo-random ranging code shall
be a §11-bit sequence that is sampled at the output of the seventh stage of a 9-stage
shift register, The initialisation vector to generate this sequence shall be
“LTELIIL11™, The generating polynomial that corresponds to the 9-slage shifl register
shall be:

Gxy=1+x"+ .

Spurious emisstons, The power of the transmitted RF signal beyond the GLONASS
atlocated bandwidih shall not be more than —40 d¢B rclative to the power of the
unmodulated carrier.

Note 1.— GLONASS satellites launched during 1998 to 2005 and beyond use filters
limiting out-of-band enmtissions lo the harmfid interference limit contained in
Recommendation ITU-R RA.769 for the } 660 — I 670 MHz band,

Note 2, - GLONASS satellites launched beyond 2005 use fifters limiting out-af-band
emissions to the harmful interference linmit contained in Recommendation ITU-R
RA.769 for the 1 810.6 — | 613.8 MHz and | 660 — 1 670 MHz bands.

Correlation Joss. The loss in the recovered signal power due to imperfections in the
signal modulation and waveform distortion shall not exceed 0.5 dB.

Note— The loss in signal power is the difference beiween the broadcast power in a
1022 MHz bandwidth and the signal power recovered by a noise-free, loss-free
recefver with I-chip corvelator spacing and a 1.022 Mifz bandwidth,

Data Structure

General. The navigation message shall be transmitted as a pattern of digital data
which are caded by Hamming code and transformed into relative code. Structurally,
the data paticrn shall be generated as continuously repealing superframes. The
superframe shall consist of the frames and the frames shall consist of the strings, The
boundaries of strings, frames and superframes of navigation messages from different
GLONASS satellites shall be synchronized within 2 milliseconds.

Superframe structure. The superframe shall have a 2.5-minnte duration and shall
consist of 5 frames, Within each superframe a tolal content of non-immediate
information (almanac for 24 GLONASS satellites) shall be transmitted.

Note.— Superframe structure with Indication of frame mumbers in the superframe
and string monbers in the firames is shown in Figure B-7.



25

Frame riembet FIETRTT 2 P —— SR . TS o] PRE1R
1 o immedate data KX [T )
Fd 9 far | KX | w8
3 [ tranemilfing [ [ 1::] k]
1 4 [ satelile [ [T
: Meaimmedats data
. {atmanac)
f“ T ——
15 i five palediitet K ]
Immediate dala KX [
ot [ g
lrangmitteg KX | 5i]
i 4 L] satelde KX, Mt
. Hosdmmedate dsla
: fatmano) 8
for “w
15 0 five satelldes KX 173 bel
[ tmmediate dats KX W Il
f for R 68 [
; { wansmiting KX 1] -
- n 0 salehle R T H
* Honitnmediale data
. {elmanac)
foe
T ) five palelites K| W
i 1 Ivredaledata | KA (5]
7 [ [ X S
3 ] fransrmitting KL [¥i]
v ] 1] zatelda KX %]
. Honimmedata data
N (aimana)
Boe
15 [} five salelites KX mm_
i [ Tmmedate d3t (4 \
7 ; o C e S
] 1 Iransmitiing KA [0
v 4 [ wledite KX | m
* Kor-frenesdale data
. [Fimanack
. foe
iy patelies
L] | Festried bifs Kx LX)
15 [1] Reserved s KX Ll
84,405 [N, 7. SO ;
W!_._'L_! i ] |
et " Hameming code bils
Wibinsting Data bils i gaﬁva
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Figure B-7. Superframe steuciure

3.2.12.3 Frame structure. Each frame shall kave a 30-sccond duration and shall consist of 15
strings. Within each frame the total content of immediate infonmation (ephemeris and
time parameters) for piven satellite and & part of nonimnediate information (almanac)
shall be transinitted. The frames 1 through 4 shall contain the par of alinanac for 20
satellites (5 sateliites per frame) and frame 5 shall contain the remainder of almanac
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for 4 satellites, The almanac for one satellite shall occupy two strings.

String strueture, Each string shall have a 2-second duration and shall contain binary
chips of data and time mark. During the last 0.3 second within this 2-second interval
{at the end of each siring) the time mark shall be transmitted. The time mark
{shortened pseudo-random sequence) shall consist of 30 chips with a time duration
for each chip of 10 milliseconds and having the following sequence:

1111100011G1116101000010010110.

During the first 1.7 seconds within thig 2-second interval (in the beginning of each
string) 85 bits of data (each data Dit of a 20 milliseconds duration) shall be
transmitted in bi-binary format, The mumbers of bifs in he string shall be increased
from right to feft, Along with information hits (hit positions 9 through 84) the check
bits of Hamming code (KX} (bit positions | through 8) shall be {ransmitted. The
Hamming code shall have a code lenglh of 4. The data of one slring shall be
separated from the data of adiacent steings by lime mark {MB). ‘The words of the data
shall be registered by MSB ahicad. In cach string bit position, 85 shall be an idle chip
(0™ and be transmitted first,

Strings I through 4. The informalion contained in strings 1 through 4 of each
frame shall correspond to the satellite from which {t is transimitted. This
information shall not be ehanged within the superframe.



[ = |he string sumates withu the frame;

4 = the lime refesenced lo the beginmag of the frame within the cuent day. T is cakulyted accotding to the
satgltite nime seale. The integer oumbes of hours elspsed since the beginniog of the cwereat day it registered
nthe 5 M5Bs. The inleger oumber of minotes ¢hpsed tince the beginning of the current hour is regiskeced in
the menl § bits The number of M-second inkenals elapsed since the begrming of e currend nrinute v
registesad in the oor LSB. The beginning of the day accoeding 1o the salellite ime scale coincides with the
e pizining of the recusrent superframe;, ’

1 = the ik tnleeval waihin the cursent day accoeding to UTCEL) + 03 bowrs 0 min The immediate data
teansitted witbin vhe Frame are referred to the middte of b, Duration of the timd interval and thecefore the
maximuim valee of £, drpeads on the value of the fag PU;

w(t) = therelative devistion of predicted camier kequency valve of o-satellite Gom e voauwsl value at e instanl

taie,
\"n(l].]';-'-'i%m‘
where
Liny = the Fopecast lrequency of nsatellile clocks at 2n instnl &,
[ B the pomanal value of Bequency oftrsatelioe elotks,
) u  the coméction to the napalellite e § relative lo GLONASS timt L 4t an inslant &,
[ER AN RL¥CNERL (N
), yoltyh 2060 = die coordiates ol nsateline in PZ-90 coondinate syslem atan instavi 4;
Hultpk Falbud 2alin) = dhe velocity vector componentt of n-satellite s BZ-50 cocodinate syshem af an justant b
Rl 9,002 20te) = 0 acxelersnon components of a-sateflite in PZ90 coordinate system at an nstanl 4

whith are cansed by effzct of s and movn;

321242  Strings § through 15. Strings $ through 15 of each frame shall contain GLONASS
almanagc for 4 or 5 satellites. The information contained ir (he fifth string shall be
repeated in each frame of the superframe.

3.2.8.3  Data Content

32.1.3.1 Ephemeris and time parameters. The ephemeris and time parameters shall be as
folkows:



B = an fodicalion of the “age™ of the immediate infprolion, Le. a lime inlerval elapsed since
the instant of its calcuiation (uploading) until the insixnt b (or n-satelhte;

B, = the healih flag. Wabues greater than 3 indicate the fact of nalfisncilon of given sateliile;
M = 3 fhap indicating the dime interval hetween Lhe cument and previous value of the 8,
paraBeiees in minvtes as shown:
Pt Time interval beiween adjacent values of ¢ in minules
[} 0
1 k1
10 A5
11 &0
7] = 3 Bag indicating whether the value of t, is odd o even. A vakie of “I" indicates a

30-minwte intesvat of service infoonation transmdt (&~ 1, 3, 5 .3, a value of 0" indicates
2 0-ntinauee interval of sevvice infornralion lansnsil {= 2, 6, 10 ...

43 = Mag indicating the number of sateflites for which an almanac is transmilied within 2
piven [ranse_ 1" corresponds ta 5 satellites 2ad "0 corresponds to 4 satellites; and

ATy = (he time difference between the pavigation RY signal ansmitted dn 12 sub-band and
navigation RF signal sanwmifted in L1 sub-band by given satellite:

A= ta-ip

whete I, tg ase the equipment delays in 1.1 and L2 sub-bands respectively, expressed in wits of vime.

3.2.1.3.2 Ephemeris and time paramelcrs. The ephemeris and time parameters shall be as
indicated in Table A-17. For the words for which numeric values may be positive or
negative, the MSB shall be the sign bit. The chip “0” shall correspond to the *+” sign
and the chip “1" shall correspond to the “-” sign.

32,133  Arrangement of the ephemeris and time parameters. Arrangements of the ephemeris
and time parameters within a frame shall be as indicated in Table A-18,

32.1.34  Almanac parameters, The almanac parameters shall be as follows:

A = anindet showmg relation of this parameter witl the alioanse;

WY = apinder of the modification of ofsatellite: “00™ indicates GLOMASS salelluie, and 017 dieates GLONASS-M
salellineg

1 = e GLONASS lime sale comection to UTC(SLY) time. The comzetion v, i givea =1 dit instant of day 1%,

T = ihe edendy day pucber within the d-year prisod Deginning unce e leap yexe, The conection & aod ollier
almunac dita (admanse of oabid aod admanse of phases)aelate to thit day umbes;

L3 n the slelauaber ocoupisd by o satellile;
#Y = e clamnelnumberof acamier Fequency of i*sateliite [Table B-16);
W= he loogitde of e fuss (within Ge §*day) acending node of n*-satetfite arbit in P20 conedinate miemy:

W =  tietioe of the firet ascending node passage of 5hsatellite within b day;



Table A-17. Ephenteris and time parameters

Number Scabe fzctor Effective

Papmerr ofbite (L58) Tauge Uniws
i 4 i dimensionless

5 1 Oto23 hours
[N -] 1 010 59 roinwies

H 3a O 30 seconds
by 7 33 151425 minles
Talts) 1% 2":: ﬂ’_’: dimensionless
vollo} 2 2 EY seconds
xi:.,). ¥alte), zults} 27 2 227 % 107 ke
% (o), ¥ (to}, 2u {1a} 24 e 43 kafsecond
R (6D ¥ (1), 20 (13 5 g 6.2 = 167% t'secand®
tn 5 1 Qo 31 days
B, k) 1 Dto7 dimeosioniess
Pl 2 as detaitedin 3.2.1.3.0
P2 i 1 ; dimensioniess
ri 1 1 01 diimnensionless
ATy 5 273 *13.97 = 107 seconds

Table A-18, Arrangements of the ephemeris and tine parameters within the frame

Number Stang mumber Bil nuinber
Parameter of bits within the frame within tha frame
m 4 1...15 81 -84
W i2 H 65--76
1S ) 2 10— 76
Yalte) i1 3 69 - 79
LA 22 4 59— 80
Hnlts) 27 1 5—135
yolh) 27 2 915
Zofin) 27 3 G35
#0) 24 1 41 - 64
Yalin) 24 2 41 - 61
) 24 3 4l —
#aullod 5 1 a5 - 40
Falin) $ 2 5. 40
FALN] 5 k) 640
Ey 5 4 49— 53
B. 3 2 78 - 8D
Pl 2 1 778
P2 13 2 17
P3 ] 3 80
Aty 5 4 54— 58




32135

32136

3214

32141

32142

32143

A, 9 tha comection to the nueg vielue of kotlination of o sxtetlite ol tnuteu of 64, (meva valoe of inctlnation ls eqaal
1o 83 dagrees),

AT = the camsctoa to e matn vale of Dracontss paiod of the n'serellive b tha bnstne of 4%, mean vilne of
Deaceciyn period T iy aquak i 43 700 secondy);

AF% = deraeof change of Draconizn pericd of n*-sanlling

B = thesccenticity of o"-xeiellivg at instanl of KA

&', @ e opusemiof periges o n* vaielie ot the ltent ofgY,

¥, = Bacoansvilu ofn*ameRite Bme comection ) GLOMNASS tizsa a1 instan) of W

e, gensrelicsd “mobesithy fAag™ of i satellite of instant of sbmansc upbosd alzanac of obits and phases, When
C, =0, this fndir ale that m-satellite |s pon-dpeatiomal Whea €, = §, thisiadicates that n-batellite s operaticgal,

Partition and coding of almanac parameters. The GLONASS almanac, transmitted
within the superframe, shall be partitioned over the superframe, as indicated in Table
A-19, The numeric values of almanac parameters shalt be positive or negative. The
MSB shail be the sign bit, the chip “0” shall correspond to the “+" sign, and the chip
“P* shall corcespond fo the “-” sign, The almanac parameters shail be coded as
indicated in Table A-20.

Arrangement of the almanac parameters. Arrangement of the almanac words within
the frame shall be as indicated in Table A-21.

Conient and Structure of Additional Data Transmitted by Glonass-M Satellites

Letter designation of additionai data. In addition to the GLONASS dala, GLONASS-
M satellites shalf transmit the following additional data as indicated sn Table A-F7-A:

Additional data parameters. Additional data parameters arc defined in Tables B-17-A
to B-18-4A.

Location of additional data words within GEONASS-M navigation message. The
required location of additional dala words within the GLONASS-M navigation
message is defined in Table A-18-A.



g - anindex of the satellite transmitiing (he piven navigation sigoal: it comespands 19 & slot nimber within OLONASS
constetlalion;

l, — health flag for n-th satellite: “0" indicates the n-th satellite is healthy, “¥™ indicates the matfunction of (he n-th
satellite;

Bi — coefficient to determine AUTS: it is equal to the difference behween UT1 snd UIC at the beginning of the day (NY,
expressad in seconds;

Bz — coefficient to determine AUTI: it is egual to the daily change of the difference AUT] {expressed in seconds for a
eas sun day).

Thesa coefficients shall be used ta transfony belween GTC(SU) and UTL:

AUTE=UTC{SW) -~ UT1,
where

UTE — Universal Time referenced ta the Mean Greensich Meridian (1nking eccount of Pole motion),

UTC{SU) — Cuondinated Universal Time of {he Russian Federation State Slandard,

AUT1=BI + B2 x (Ny - NY),

KP — nofification of a forthcoming leap second comertion of UTC (21 5) as shown:

Kp UTC second correclion dale

00 Wo UTC correction at the end of the current quarter
01  UTC comection by plus 1 sat the end of (he current quarier
11 UTC comrection by minus & 5 at the rad of the cucrens quarler

Note — GLONASS systemt Himescals correction is usually performed once @ year at midnight 00 hours 00 minwies
0 seconds in accordaiice with the eavly nolification of the Intermational Time Burean (BIF/BIPM) at the end of o quarier:

fiom 31 December lo ! Janwary — first gnarier,
Sront 31 March to 1 April - second quicrter,
Srom 30 June to 1 Ay ~— third guarter,

Jrow 30 Seprember to ! Qciober — fourih quonier,

Ny — rcurrent date, calendar mumber of the day within the four-year inferval starfing from | fanvary n a leap year,

Note-~ Au axample of Nt transformation into the counnon fonn of curvent data hyformation (ddiwnAy) is presented in
Attachment D, 4.2.7, ).



Ny — four-year inferval munber sterting from 1996,

Fr — a pammeter flul provides the predicled satellile user range accuracy #f fime t,. Coding is &s indicsted in
Table B-17-B; .

Mi — type of salellite imnsmitiing the navigaticn sipoal, 00 tefers lo a QLONASS satellite; OL refers 10 0 GLONASS-M
safellite;

P4 — flag to show Ibal updiled ephemeris paramelers are present. “1" indjcales that an vpdaied ephemeris or
frequencyflinie parameders have bees uploaded by The controt segment;

Note— Updated ephemeris or frequency/iima information iv ronsinitted it die next interval after the end of the curvemt
interval &y

P — techoological parameter of control segueol indicating (he satelide operstion mode in respecl of fime paraneters:
00 — 1. parameter rebsyad from control segmiend, tops prameder retayed fron control segment;
01 — 1, peranieler relayed from control segment, Yep; parameter caleulated on-boand the GLONASE-M satellite;
10 — 1, parameter caleulated on-board the GLONASS-M satellily; 1zps parnmseter relayed froni conleot segmient;

11— 1, paremeter caleulated ohbioand (he GLONASS-M safellile; vgeg paramcter caleulsted on-board the
ALONASS-M saietlite;

fops——  Comection to GPS fime relpbive fo GLONASS time:
Tops— Tos, = AT+ ¥eops
whese
AT is the integer pard, and 1eps is the fractional gart of he difference between the systen fimescales expressed in seconds.
Noie,— The integer part AT is determined from e OPS navigation message by the user receiver.
MY — type of sstellite o coding “00” indicates a GLONASS salellite, coding “01" indicales § GLONASS-M satellile,

Table A-17-A, Additional data parameters

Parsmeler Ho of iy Soals Berter {LST) Elfective tange Uit
u 5 H Uta 3t Dimensiouless
8 H 1 [ Dirmensionless
Bl 4 2 #H5 seconds
B2 w0 it {45135 % 107 shmean suo day
Kp 2 I Qo3 Primensionless
Nr 1 1 Dio} 48] days
N, 5 H 1t 3l four-year intervat
B 4 Se¢s Lsble B-17.B
M 2 1 Otald Pimeasionless
M 1 1 0.1 Diniensionless
P 2 H 00.01,10,E1 Dimentionless
Toot 2 ¥ 9% 17 seconds
MY 2 1 Qo3 Dimensioafess




Table A-17-B, FT word coding

Frvalue Pseudorange eccuracy, 1 sigma (m}
0 1
1
2 25
3 4
4 5
5 7
6 10
7 12
8 14
9 16
10 32
11 64
12 128
13 256
14 512

Not used

ot
L7




Table A-18-A. Location of additional data werds within the GLONASS-M
navigation message

String mumber within the
Woed Rusber of bils cupeifitme Bit nunbes within the string
1 5 4, 39,34, 49, 64 1115
1M 1 5 7.%11,13,15,120, 9

22,14, 26, 28, 30, 35,
37,39, 41, 43,45, 50,
52, 54, 56, 58, 60,
65,67,69, 71,173,725

3,18, 33, 48,63 85
Bl 11 74 {within the superframe) 70-80
B2 1o 74 {within the superframe} 60 --69
KP 2 74 (within the superftame) 5859
Nr 11 4,19, 34,49, 64 16 - 26
M, 5 5,20, 35,50, 65 32-36
F: 4 4, 19,34, 49, 4 30-33
M 2 4, 19,34, 49, 54 o-10

P4 ] 4,19,34, 49, 64 34
P 2 3,18,33 .48, 63 o0 - 67
Yaps 22 5. 20,35, 50, 65 -3
M 2 .8, 10,1214 7879

Table A-19. Almanac partition within the superframe

Frame oumber Satellita namben, for which almanae is
within the superframs tranunitied within given frame
1 1t 5
2 6o 10
3 Mo ls
4 16 ta 20
5 2l to24

Table A-20. Almanac parameters cading

Nuumdsr Seade Deetor
Parsenclry afbils {LSH) Effective yunge Uhnitx
M. 2 1 03 dimensionless
v 28 a® *1 seconds
N 11 1 14 § 461 days
n* 5 1 1to 24 dimapsionlesy
H* ] 1 0 to 31 dimensionless
M 21 g *] semi-circies
uA 21 2t 01044 100 seconds
Aita 18 2% +0.087 semi-cizcles
AT 22 b4 *3.6 x 107 secondsirevolubon
ath, 7 2 22 stconds/revotution’
£ 15 2% Do 0.63 dimensionles
P 16 b %] semi-cireies
tA, 10 i *19 x 107} seconds

C*n 1 1 Otal dimensionless




Table A-21. Arrangement of Almanac parameters within the frame

HNumber String vumber Bit ianmber
Parumeter of bits within the fame within the #ring
M*a 2 6, 8,10,12, 14 78—~ 79
I 28 5 4269
i 11 5 ‘0-80
ot S 6,8 10,12, 14 T3-71
H4 5 7.9, 11, 13,15 1014
1t 21 6. 8. 10,12, 14 42-62
1A, 21 7,911, 13,15 44— 64
Aite 18 6,8, 10,12, 14 24— 41
AT 22 7.9,11, 13,15 22-43
aihy 1 7.9,14, 13,15 15-21
2t 15 6.8, 10,12, 14 9-23
wh 16 7.9,11, 13,15 65—80
A, i0 6,8,10,12, 14 63—72
ch 1 4.8, 10,12, 14 20

Note— String numbers of the first forer fremtes within suparframe arg given, There art 1o
almanac paramaters In 1th and 1.5 strings of Sth frame.

322 Definitions of Protocols for Data Application

Nuote, — This section defines the inter-relationships of the date breadcost message
parameters. It provides definitions of parameters that are not fransmitted, bur ave used by
either or both non-aircraft and aivcraft elements, and that define lerms applied lo
deterniine the navigation solution and its infegrity



Table B-22, Parity checking algarithm

b33, bE4, .., bED, b9 ave the dafa bils fposition 9 1o BY in the string);
B1,B2,.., BB ave ihe chack biis of e Himmin g code {positions | to $ in the siring);

R Ry .oy 25, 2y Are e ch s ted wring toe Foll

cr= B A {E b
Vo= 9, 10,12,13,15, 17,19, 20, 32, 24, 26, 28, 3D, 32, 34, 35, 32,39, 41, 43, 45,47, 49, 31, 53,
35,57, 59,81, 63 65, 46, €8, 10, T! T4, 76,18, 80, B2, 84,

cre Br@ [Ty eds
Bo= 810,12, 14,15, 15, 19, 21, 22, 25, 26, 29, 30, 33, 94, 15, 37, 40, 41, 44, 45, 48, 49, 52, 53,
56, 57,60, 61, 64,65, 67, 68,70, 1215, 16, 79, 30, 83, B4,

=J=$3ﬂ"‘[£&h)md:
= 101,12,
2

6,17, 1 23, 24, 15, 26, 33, 32, 33, 4, 38, 39, 40, 43, 45, 47, 48, 49, 74, 55,
58, 57, 62, 63

1 I8,
63, 64, 65, .TD 0, 72,77, 78, ?9 #0, 85,
ey= BaCB EE bty

= 13, 14,15, 19,21, 18, 29, 30, 31, 32, 33, 34, 42, 43, 44, 45, 46,47, 48, 49, 38, 99,
\T3,74,75, 76,77, 78, 79, 86

ey= B (Lo b oty
m e 20,31,12,23, 24,15, 26, 27, 28, 29, 30, 31, 31, 33,14, 3, 51, 52, 53, 54, 55, 6, 57, 38, 59,
§0, 6], 61,63, £4, 65, 81, 83, 83, 84, 85,

e By {2
n o= 33,36,37,38,39, 40, 41,42, 43, 44, 45, 45, 47, 43, 99, 50, 51, 52, 33, 54, 55, 56, 57, 58, 59,
10, 61,62, 63, 64, 65.

ey Br B bkt
P = 68, 67,68, 69,90, 71,72, 1, 1,75, 76, 77, 78,79, £0, B1, 82, 53, 84, 85.

=x'[£ﬂ¢lmu@[2blmn
q 1,2,1.4,548,7.8
¥ om 9 IG il 12, ll 14,05, b5, 17, 1K, 19, 20, 3, 22,23, 24, 3%, 28,27, 28, 29,30, 31, 33, 13,
33,35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 30, 51, 53, 54, 54, 35, 86, 57, 58,
59, 60,61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 7, 72,73, 74,75, 78, 77,18, 79, 30, 81 B3 B3,
B4 85,

32210

32211

32282

Parity checking algorithm for data verification. The algorithm shown in Table A-22
and as detailed below is vsed to detect and correct an ervor of 1 bif within the string
and to delect an crror of 2 or more bits within a string.

Each string includes the 85 data bits where the 77 MSBs are data chips (bss, ba... big,
by), and the 8 LS13s are the check bits of Hamming code length of 4 (B, B+... B2, B 1)

To correct 1-bit errors within the string the following checksums are generated: {cy,
3, ..., ©7), and fo detect 2-bit errors (or more-even-number-of-bits errors) a checksum
€ is generated, as shown in Table A-22. The following is used for correcting single
errors and detecting multiple errors:

a} A stying is considered costect if afl checksums {¢y.., ¢y, and cg} are equal o
“0", or if only one of ihe checksums (c1... ¢7) s equal to “1™ and ¢z is equal

iO til n'



3222

32221

32222

b} If two or more of the checksuns (¢1, ..., ¢z} are equal to “I” and ¢z is equal
to “1”, then character “bi,” is corrected to the opposite character in the
following bit position:

“Lear = 0150504320 + § = K, provided that “I.o," < 85,
whese “¢7 05 €5 CaC3 Cz ¢4 is a binary number generated from the checksums {cy,
., C7) With ¢; being the LSB and ¢rbeing the MSB. K is the ordinal number of
the most significant checksum not equal to “0”,
I ior > 83, then there is an odd number of multiple errors, and the data shall be
rejected.

¢}  If at least one of the checksums (c, ..., €9} is equal to *“1” and ¢x is equal to
“0”, or if all checksums (cy, ..., ¢7) are equal to “0” but ¢y is equal to “17, then
there are multiple errors and the data shall be rejected.

Satellite Clock Correction Parameters

(GLONASS system time is determined as:
foromass =t + Tolte) — Yults) (h ~ o)}

where ty, T,(ts), Tu('y) are parameters described 1n 3.2.1.3.1,

GLONASS time is related to National Time Service of Russia (UTC(SU)) time as
indicated below:

torcsty = teronass + Te — 03 hours 0 minutes

where

1. is a parameter described in 3.2.1.3.4 and

03 hours 00 minutes is centinuous time shift caused by difference between Moscow time
and Greenwich time,

3223

3.2.2.3.1

32232

Satellite Position

The curreni satellite position is defined using ephemeris parameters from GLONASS
navigation, as indicated and in Table A-17.

Recalculation of ephemeris from instant 1, to instant & within the interval (o] =t — ty|
< 15 minutes) is performed using a technique of numeric fntegration of differential
equations describing the motion of the satellites, In the right-hand paris of these
equations the accelerations are determined vsing the gravitational constant p and the



second zonal harmonic of the geopotential Powhich defines polar flattening of the
earh, and accelerations due lo luni-solar perturbation are taken into account. The
equations are integrated in the PZ-9G (3.2.5) coordinate system by applying the
Runge-Kutta technique of fourth order, as indicated below:

dx -
EH R
dy
ax
f:lz_*‘ir
a
v, 522
d—t"=-‘l --35‘“’ ( »ry)+m1x+2mv,,+£
av, B3 ,pa _
“—Y=—'r§3' 2423755?( —r,-)+m’)r+2co'\f,+y
dv, ; i 5z
+——~-%z-—- 3%—3( ?—)+2
where
Py,

aarth's nniversal gravitational constant (395 60544 ¥ 10° m¥s%);
major semy-axis (6 378 136 m);

seccnd zonal hamonic of the geapotential (3 082 625.7 x 16™*; and
earlly’s rotation rate (7.292115 % 107> radians/s).

T
¥
"
o

Coordinales x,{t), Yalty), 2}, aod velovily veelor components £, () = Vy, Y (h) = Vy, 2o {(h) = V, are initial conditions for
the integration. Accelerations due o Iuni-solar perfurbadion %5 (t), ¥a (), 2, () are conslant on e integralion interval
+]5 mibnies,

3.2.3  Aircraft Elements

3231  GNSS (GLONASS) Receiver
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J23.12

32313

323.14

323,040

32315

32316

323.106.1

Satellite exclusion. The receiver shall exclude any satellite designated unhealthy in
the GLONASS navigation message.

Satellite tracking, The receiver shall provide the capability to continuously track a
minimum of four satellites and generate a position solution based upon those
measurements.

Dappler shift. The receiver shall be able to compensate for dynamic Doppler shift
effects on nominal GLONASS signal carrier phase and standard code measurethents.
The receiver shall compensate for the Doppler shift that is unique to the anticipated
application.

Resistance to interference. The receiver shall meet the regquirements for resistance to
interference as specified in regulation 173

Intrasystem interference. When receiving a navigation signal with frequency
channel k = n, the interference created by 2 navigation signal with frequency
channel number k =n — | or k =n -+ | shall not be more than <48 dBc with
respect to the minimum specified satellite power at the surface of the earth
provided that the satellites ansmitting these signals are simultaneously located in
user's visibility zone,

Note.— The intrasystem inferference is the infercorrelation properties of the
ranging psewdo-random signal with regard to frequency division multipie access.

Application of clock and ephemeris date. The receiver shall ensure (hat it is using the
correet ephemeris and clock data before providing any position solution,

Leap second correction. Upon GLONASS time leap sceond correetion (see 3.2.1.3.1,
t) the GLONASS receiver shall be capable oft

a) generating a smooth and valid scries of psevdo-range measurements; and
b) resynchronizing the data string time mark without loss of signal iracking

After GLONASS time leap second correction the GLONASS receiver shall utilize
the UTC time as follows:

a) utilize the old (prior to the correction) UTC time together with the old ephemeris
{transmitted before G0 hours 00 minutes 00 seconds UTC); and

b) utilize the updated UTC time together with the new cphemeris {transmitted after
00 hours 00 minutes 00 seconds UTC).



124 Time

324.1

3242

3.243

For the GLONASS-M satellites, the navigation message shali conlain the data
necessary to relate UTC{SU) time to UT1, GLONASS time shall be maintained 1o be
within | millisecond of UTC(SU) lime after correction for the integer number of

-howrs due to GLONASS control segment specific features:

| toronass — (UTC + 03 howrs 00 minufes) | < 1 ms

The navigation data shall contain the requisite data to relate GLONASS time to UTC
time (as maintained by the National Time Service of Russia, UTC (SU)) within |
microsecond,

Note 1— The timescales of GLONASS satellites are periodically compared with
central synchronizer time. Corvections fo the fimescales of GLONASS satellites
relative to GLONASS thme and UTC{SU) iime are computed at the GLONASS
gromid-based control complex and uploaded to the satellites twice per day,

Note 2— There is no inieger-second difference between GLONASS time and UTC
time. The GLONASS timescdie is periodically corvected to integer nimber of seconds
simultaneonsly with UTC corvections which are performed according lo the Bureau
International de {"Heure notification (leap second correction). These corvections are
performed at 00 hours 00 minutes 00 seconds UTC time at midnight at the end of a
guarter of the year. Upon the GLONASS leap second carrvection the time mark within
navigation message changes its position (in a confinuous timescale) to become
synchronized with 2-second epochs of correcied UTC timescale. GLONASS users are
notified in advance on these plmmed corvections. For the GLONASS-M satelfites,
nofification of these corrections is provided o users via the navigalion message
paramefer KP.

Accuracy of mutual satellite titmescales synchronization shall be 20 nanoseconds (1
sigmia} for GLONASS satellites and 8 nanoseconds (| sigma) for GLONASS-M

satellites.

The correetion fo GPS time relative to GLONASS time (or difference between these
tfimescales) breadeast by the GLONASS-M satellites, taes, shall not exceed 30
nanoseconds (1 sigma),

Note.— The acewracy of toes (30 ns) is determined with reference fo the GPS SPS
coarse acquisition signal and may be refined upon completion of trials of the
GLONASS system wsing GLONASS-M satellites.

32.5 Coordinate System

3.25.1

PZ-9¢ {Paramelers of common terrestrial eilipsoid and gravilational field of the earth



33.14

33141

GPS/GLONASS time. When combining measurements from GLONASS and GPS,
the difference between GLONASS time and GPS time shall be taken into account,

GPS/GLLONASS receivers shall solve for the time offset befween the core
constellations as an additional unknown parameter in the navigation solution and not
only rely on the time offset broadeast in the navigation messages.

3.4  Aiverafi-based augmentation system {ABAS)

Nate: Guidance on ABAS is given in ICAQ Ammex 10, Vol I, Attachnient C, section 5.

3.5  Satcllite-based angmentation system (SBAS)

153 General

Note: Parameters in this section are deflued in WGS-84.

3.5.2 RF Characteristics

35201

3522

3523

3524

3525

Carrier frequency stability. The short-tern stability of the carrier frequency (square
rool of the Allan Variance) al the output of the satellite ransimit anfenna shall be
better than 5 x 107" aver I to 10 seconds,

Carrier phase noise. The phase noise spectral density of the unmodulated carrier shall
be such that a phase locked foop of 10 Hz one-sided noise bandwidth is able to track
the carrier to an accuracy of 0.1 radian (1 sigma).

Spurious emissions. Spurious cmissions shail bc at least 40 dB below the
unmadulated carrier power over all frequencies,

Codefcarrier frequency coberenge, The shori-term {less than 10 seconds) fractional
frequency difference between the code phase rate and the carrier frequency shall be
less than § x 167" {standard deviation), Over the Jong term (less than (00 seconds),
the difference between the change in the broadcast code phase, converted to carrier
cycles by muitiplying the number of code chips by | 340, and the change in the
broadeast carrier phase, in cycles, shall be within one carrier cycle (standard
deviation). ‘

Note, This applies to the omiput of the seuellite Irensmit anmtenna and does not include
code/carrier divergence due to ionospheric refraction in the downlink propagation
path.

Corrclation loss. The loss in the recovered signal power due fo imperfections in the
signal modulation and waveform distortion shali not exceed 1 dB,
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35210

Note— The loss in signal power is the difference between the broadcast power in a
2046 MHz bandwidth and the signal power recovered by a noise-free, loss-free
receiver with I-chip correlator spacing and a 2.048 Mtz bandwidth.

Maximum code phase deviation. The maximum uncorrected code phase of the
broadcast signal shall not deviate from the equivalent SBAS network time (SNT) by
more than +2* seconds.

Code/data coherence. Each 2-millisecond symbol shall be synchronous with every
olher code epoch,

Message synchronization. The leading edge of the first symbol that depends on the
first bit of the current message shali be broadeast from the SBAS satellite
synchronous with a 1-second epoch of SNT.

Convolutional encoding. A 250-bii-per-second data stream shatl be encoded af a rate
of 2 symbols per bii using a convolutional code with a constraint length of 7 to yield
500 symbols per second. The convolutional encoder logic acrangement shalt be as
iliustrated in Figure B-11 with the G3 output selected for the first half of each 4-
millisecond data bit period.

G4{18N0Nn

,(?,(? ________ ,g),(?__l -
L T T 1] e
vl

a3(I18100H) g

Flgure B-11. Convolutional ercoding

Pseudo-random noise (PRN) codes. Each PRN code shall be a 1 023-hit Gold code
which is itself the Modulo-2 addition of two 1 023-bit linear palterns, G1 and G2,
The G2; sequence shall be formed by delaying the G2 sequence by the asseciated
integer number of chips as iilusirated in Table A-23. Each of the Gl and G2
sequences shall be defined as the output of siage 10 of a {0-stage shift register, where
the inpul to the shift register is the Modulo-2 addition of the following stages of the
shift register:

a) Gl; stages 3 and LO; and

b) G2:stages2,3,6,8,9and 10,



The initial state for the G1 and G2 shift registers shail be “111J101{111",

Table A-23, SBAS PIIN codes

120 145 110811001
121 175 193011110
122 52 1101001000
123 A 10110010)
124 237 1110080
125 35 111000001
126 486 o1
127 657 1000110006
128 634 10160101
129 162 101010311
130 355 1160011116
K} 1012 1510010510
in 176 100t
133 é03 100110
134 136 1000111001
135 159 101110091
13% 59% 160001111
131 68 111111600
138 386 1oH0101L:

353 Data Structure

3531

3532

3533

3534

3535

3.53.5.1

35352

Format summary. Al messages shall consist of a message type identifier, 2 preamble,
a data field and a cyclic redundancy check as itlustrated in Figure B-12,

Preammble. The preamble shall consist of the sequence of bils “G{010011 10011010
110001107, distributed over three successive blocks. The start of every other 24-bit
preamble shall be synchronous with a 6-second (38 subframe epech.

Message type identificr. The message type identificr shall be a 6-bit value identifying
the message type (Types 0 to 63) as defined in Table A-24. The message type
identifier shall be transmitted MSB first,

Data ficid. The data ficld shall be 212 bits as defined in 3.5.6. Each data field
parameter shall be transmitted MSB firsf.

Cyclic redundancy check (CRC). The SBAS message CRC code shall be calculated
in accordance with 3.9,

The leagth of the CRC code shall be k = 24 bits.

The CRC generator polynomial shal} be:
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Table A-24.  Broadeast message fypes

Message type Contegls
0 “Do Not Use” (SBAS test mode)
1 PRN mask
2105 Fast coreections
6 Integrity information
7 Fast correclion degradation factor
8 Spare
9 GEO sanging funclion parameters
10 Degradedion parameters
11 Spare
12 SBAS network tune/UTC offsel parnmeters
1310 §6 Spare
17 GEO safellite almanacs
18 Tonospheric gnd peint masks
191023 Spare
24 Mixed fastong-teron satellite ermor corrections
25 Long-tenn satellite error corrections
26 Tonosphetic delay corrections
27 SBAS service message
28 Clock-ephetnens covariance matrix
29t 61 Spare
62 Reserved
63 Nuif message

The CRC information field, M{x), shall be:

226
M(x)= Z 6T = g pgn R e 4 Mg
=1

M(x) shafl be formed from the 8-bit SBAS message preamble, 6-bit message type
identifier, and 212-bit data field. Bits shall be arranged in the order transmitted from
the SBAS satellite, such thal m; corresponds to the first transmitted bit of the
preambile, and mays corresponds fo bit 212 of the data field.

The CRC code r-bits shail be ordered such that ry is the first bit transmitted and ray is
the last bit transmiited.
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3541

PRN mask parameters, PRN mask parameters shall be as follows:

PRN code number: a number that uniguely identifies the satellite PRN code and
related assignments as shown in Table A-235.

PRN mask: 210 PRN mask values that correspond to satellite PRN code numbers. The
mask shall set up te 51 of the 210 PRN mask valucs.

Note.— The first transmitted bit of the PRN mask corresponds (o PRN code number 1,

Table A-25. PRN code number assignments

PR cods mzmbar Awignment
1-37 GPs
-6t GL(*!ASS slot numbes phas 37
62-119 Spare
120-138 SBAS
139 -210 Spare

PRN mask value: a bit in the PRN mask indicating whether data are provided for the
associated satellite PRN code number {1 0 210).

Coding: 0= data not provided
1 :: data provided

PRN mask number: the sequence number (1 to 51) of the mask values set in the PRN
mask.

Note.— The PRN mask number is “1” for the lowest satellite PRN number for which
the PRN mask valae is “1*,

Issue of data — PRN (IODP): an indicator that associates the cotrection data with a
PRN mask.

Note.- - Parameters are broadeast in the following messages:
a) PRN mask {consisting of 210 PRN mask values) in Type | message;
b} PRN mask number in Typc 24, 25 and 28 messages;

) PRN code number in Type 17 message; and



d) 10D in Type 1 to 5,7, 24, 25 and 28 messagss.

3.542  Geostationary orbit (GEO} ranging function parameters. GEO ranging function
parameters shail be as follows:

{aazs: the reference time for the QEO ranging finelion data, expressed ps tha fime after midnigtd of the curren! day.
XY 2] the position of the GEO al lime ty oy,

[X5¥;25): the velocity of the GEQ al time byeo.

[X:9:2;]; the acceleration of the GEO ai lime togpo.

Agp’ the time offset of tha OEO clock wilh respect to SNT, defined af 4z

ficn: thoe dnft rate of the GEO clock with respect 10 SNT.

User range accuracy {URA): an indicator of the root-mean-square ranging error,
excluding atmospheric effects, as described in Table A-26,

Note.— All parameters are broadeast in Type ¢ message,

Table A-26. User range accuracy

A Avcuracy [rms}

0 2m

1 28m

2 4m

k| 5.7 m

4 sm

3 11.3m

] 16

i k73]

8 64 m

9 128 m

10 256:m

i1 512m

12 1074 m

13 2M8m

14 4 0% wm

15 “De Nol Use®

Note—URA vahes 0 fo 14 ord nef used it the prolocols

Jer data application {3.5.5). Aird etvars will mot 159
e GEQ ranging finction If URA Indicatas “Do Not
tha"(t58.8,

3543  GEO aimanac parameters. GEO ahmanac parameters shal! be as foliows:
FRN code number: see 3.5.4.1

Health and status: an indication of the funclions provided by the SBAS. The service



provider identifiers are shown in Table A-27.

Coding: BitO(LSB)  Ranging On(l) Of{1)
Bitl Precision comeciions Qu(0} Ofm{l)
RAit2 Satellite status and basic comections Oon{0) Off{t)
Bits 3 Spare

Bitsdta 7 Sesvice provider identifice
Note— A service provider I of 14 15 used for GBAS and is ot applicable o $BAS.
[Xe.a¥e.aZ0,41 the position of the GEO at time tpuny.
[Roa¥aadaal; the velocity of the GEQ at Hme Q.
Sapmanac” the seference tinee for the GEO almanac data, expressed as the time after midnight of the current day,

Note— Al parameiers ave broadeast m Type 17 massags.

3.544  Satellite Correction Broadeast Parameters
35441 Long-term correction patameters shall be as follows;

Issue of data (IOD;): an indicator that associafes the long-term corrections for the i
satellite with the ephemeris data broadeast by that satellite.

Note 1.~ For GPS, the I0D; matches the IODE and 8 LSBs of the IODC (3.1.1.3.1.4
and 3.1.1.3.2.2).

Note 2.— For GLONASS, the 10D, indicates a period of time that GLONASS data
are to be used with SBAS data. It consists of two fields as shown in Tablc A-28.

ox;: for satellite i, the ephemeris correction for the x axis.
dyi: for satellite i, the ephemeris conection for the y axis.
dz;: for satellite i, the ephemeris correction for the z axis.
Saip: for satellite i, the ephemeris fime correction,

3x’;: for satellite i, ephemeris velocity correction for x axis
Sy'i: for satellite i, ephemeris velocity correction for y axis.
dz';: for satellite 1, ephemeris velocity correction for z axis.

daiq: for satellite i, rate of change of the ephemeris time correction,



oy the time of applicability of the parameters 8x;, 8y;, 8z, am, 8% i, 8y’ 02'; and
8a; 11, expressed in seconds after midnight of the current day.

Velocity code: an indicator of the message formal broadeast (Table A-48 and
Table A-49).
Coding: 0=28x", 8y, 8z’ and a;; are not broadeast.
1 =8x";, 8y, 82" and 8a; 1y are broadeast.
Note.— All parameters are broadcast in Type 24 and 25 messages.

Table A-27. SBAS service provider identifiers

Identifter Service
pravider
0 WAAS
1 EGNOS
2 MSAS
3 GAGAN
4 SDCM
S5tol3 Spare
14,15 Reserved

Table A-28. TOD, for GLONASS satellites

MSB L&l

Validity interval (5 bits)  Latency time (3 bits)

35442 Fast comrection parameters shall be as foltows:

Fast correction {FC;): for satellite i, the pseudo-range correction for rapidly varying
errors, other than tropospheric or ionospheric errors, to be added to the pseudo-range
after application of the long-term correction.

Note.— The user receiver applies sepatate fropospheric corrections {3.5.8.4.2 and
3.5.8.4,3).

Fast correction type identifier; an indicator (0, 1, 2, 3) of whether the Type 24 message
contains the fast correction and integrity dala associated with the PRN mask numbers
from Type 2, Type 3, Type 4 or Type 5 messages, respectively.



3545

3546

Issue of data-fast correction (IODF;): an indicator that associates UDRELs with fast
corrections. The index j shall denote the message type (j = 2 to 5} to which I0DF;
applies {the fast correction type identifier +2).

Note.— The fast correction type identifier is broadcast in Type 24 messages. The FC;
are broadcast in Type 2 to 5, and Type 24 messages. The IODF, are broadeast in Type
2 to 6, and Typc 24 messages.

Fast and long-term correction integrity parameters. Fast and long-term correction
integrity parameiers shall be as follows:

" UDREI;: an indicator that defines the o”jupxe for sateliite i as described in Table A-29.

Model variance of residual clock and ephemeris crrors (0% upre): the variance of a
normal distribution associated with the user differential range errors for satellite | after
application of fast and long-term corrections, excluding atmospheric effects and used
in horizontal protection levelfvertical pretection level computations (3.5.5.6),

Note.— All parameters arc broadeast in Type 2 te 6, and Type 24 messages.

lonospheric correction parameters. lonospheric correction parameters shall be as
follows:

IGP nask: a set of 11 jonospheric grid point {IGP) band masks defined in Table A-30.

1GP band mask: a set of 1GP mask values which correspond te all IGP locations in
one of the 11 IGP bands defined in Table A-30.



Table A-29, TEvaluation of UDRE];

UDREY Pruree

") 0.0520 m?

1 0.0924 m*

2 0.1444 m’

3 0.2830 m?

4 0.4678 m?

5 0.8315

6 1.2992 m”

7 1.8709 m*

8 2.5465 m?

g 3.3260 m?
10 5.1968 m*
11 20.7870 m?
12 2309661 m?
13 2 078.695 m?
14 “Not Monilored™
15 Do Not Use”?

TGP iask valne: a bit indicating whether dsta are provided within that JGP band for the asseciated I0P.

Coding: 0 = dafn are not provided
1 = datn are provided

Mippber af IGP bonds: the number of IGP band masks beinp broadcasi.
IGP band identifier: the number identifying the ionospheric band as defined in Table B-30.

IGP block identifier: the idealifier of the IGP block. The 1GP blocks are defined by dividing inte groups of £5 IG¥s (he
sequence of IGPs within an 0P band mack which have QP sask values of “1”. The IGP blocks are vusibered in an
order of JGP wask value transmisson, sfarling with “0".

Falidity intorval {V): the time interval for which the GLONASS ephemeris dain are applicebla (coded with an offset of 30 s}
us described in Tabla B-31.

Latency time (L). the time interval between the iima the last GLONASS ephemeris hias heen received by the grovnd segment
and the time of transmission of the first bit of the fong-textn correclion messape at he GEO(,) s desenbed in
Trble B-32.

10D/ i indication of wher tha k® IGP band mask changes.

IGP vertical defay estinote: an estimate of the defay induced for a signal ot 1 57542 MHz if it fraversed the ionosphere
verticaily at the IGP.

Coding: The bil paftern “1111§1111" indicates “Do Not Use™
GIVER: eo indicator that defines the oli,r.wa as described in Table B-33.

Model varianee of residual fonospheric ervors (o’ crz): the variance of a normal distibistion associsted with the residual
ionaspheric vertical ervor at the TGP for an Lt signal,

Noto.— All pavameters ava broadcost in Dye 18 and Type 26 messages.



Trapsmission order in

1P ot arion 1G9 band matk
Band 0
160W | 755, 835, 535, 50, 455, ., 45N, 50N, SSH, 65N, TSN, 85N 1-28
175W | 358, 508, 455, ..., 45N, 50N, 55N 203§
170W | 755, 635, 358, 508, 435, ..., 45N, 50N, 55N, 65N, 75N 5278
165W | 558, 505, 435, ..., 45N, 50N, 55N 75— 101
160W | 755, 635, 535, 505,455, .., 43N, 50N, 55, 65N, 15N 102~ 128
155W | 558, 508, 455, .., 45N, 504, 55N 129 - 151
150W | 755, 655, 535, 555, 458, .., 45N, 50N, 55N, 65N, TR 152-178
145 | 355, 508, 455, ., 45N, 50N, 358 179 - 201
Band 1
140W | 855,758, 655, 538, 505, 455, ..., 43N, 50N, 53N, 850, TSN 1-28




Tranurlssicn order in

TGP lecation, 1GP band marik
135W 558, 505, 435, ..., 45N, 50N, 55N 251
1w 755, 6355, 558, 505, 455, .., 45N, 56N, 55N, 65N, TSN 5218
RSW 535, 505, 435, .., 45N, 50N, 55N 79~ 101
Iw 735, 658, 555, 505, 435, ., 45N, SON, 55N, £5N, 75M 102128
15w 555, 305, 455, ., 45N, SON, S5 129-151
HowW 735, 655, 558, 505, 455, ..., 45N, 50N, 33N, 65N, 7SN 152178
105 W 558, 508, 435, ..., 45N, 50N, 55N 176 -20
Bapd 2
1w 758, 658, 558, 505, 455, .., 45H, 50N, 55N, 65N, 5N 1-27
g 358, 508, 435, ., 45N, 30N 35N 28-50
oW 155, 635, 555 508, 458, ..., 450, 30N, $5H, 65N, 734, 85N $1-78
Bsw $55, 505, 455, .., 45N, 500, 35N 79-10%
0w 735, 655, 555, 305, 435, .., 45N, 50N, $3N, 65N, 7TV 102-128
"™w 535, 508, 455, .., 451, 30N, 55N 129-151
ny 758,655, 555, 505, 455, .., 45N, 50N, $5N, 65N, 75N 152178
(3% $35, 505, 455, .., 45N, SON, 55H 179 - 201
Band 3
W 758, 655, 555, 305, 4545, ., 45N, SON, 55N, 65M, 75 1-27
55W 535, 505, 435, .., 45N, 50H, 550 2430
oW 55, 755, 655, 535, 505, 455, ..., d5M, 30N, 353, 65N, TN 51-78
$w 538, 505, 455, ..., 43H, SON, 55N 79~ 10t
H0W 738, 635, 555, 305, 455, .., 45N, 50N, 35N, 65N, 15N 101128
35w 335, 305, 455, .., 45N, 50N, 55N 12%-151
0w 758, 638, 538, 508, 435, .., 45U, S0, 55N, 65N, 3N 152-17
3w 335, 505, 455, .., 45N, 0N, 55N 179 - 201
Band 4
WY 755, 658, 555, 505, 455, .., d5N, S0, $5N, 45M, T3 121
W 5§35, 505, 458, ..., 49, 50N, $5H 2850
ww 755, 635, 558, 505,458, ., 43, 50N, 55N, 65N, 73N 51-77
W §55, 508, 455, .., 45N, SON, 55N 8- 100
0 755, 655, 555,308, 455, .., 45N, 50N, 3IM, 65N, 75N, 85N 101 - 128
5P 535, 305, 455, ..., 45N, S0M, 55N 129 - 151
HWE 755, 635, 538, 505, 455, ..., 45N, 50}, S5, 65M, TSN 152-17%
ISE 538, 505, 458, ..., 4510, SON, 55N 179-201
Band 5 .
0B 735, 655, 535, 505, 455, ., 45N, 50N, 55N, 65N, 5N 1-7
pa)i 538, 505,438, ..., 43N, 50N, 558 8-




Tramadision ooder in

IR Location LG bapd patk
WE T55, 655, 535, 505, 4558, ., 45N, 500, 55N, 65N, 75N =77
5B 555,508, 455, .., 435N, 50N, 55N 78-- 100
40 E 455, 755, 638, 335, 508, 435, ., 43N, S0, 35N, 65N, 5N 10% - 128
438 555, 508, 455, .., d5N, $0N, 55N 1% 151
0B 738, 6585, 535, 505, 458, ..., 45N, 500, 55H, 654, TSN 152178
S5E 555, 508, 455, ..., 45H, SON, $5N 179201
Band 6
§CE 155, 655, 555, 308, 455, ..., 45N, 50N, 35N, 65N, TSN 1-27
(2] 558, 508, 435, ..., 45N, 50N, 35N 285D
MWE 758, 638, 535, 508, 458, ..., 45N, 5017, 55N, 654, 13N 51-77
HE 355,505,435, . 43N, 504, 55N 78 100
$0E 758, 655, 538, 505, 455, .., 45N, 30N, 55N, 65N, 3N 101 -127
83 E 555, 5085, 455, .., 45N, 30M, 35N 124-1%0
SOE 758, 638, 355, 505, 438, ..., 45N, SO, 35N, 653, 251, 85N 151178
95E §55, 505, 455, ..., 45N, 50H, 55N 179 - 201
Band 7
1008 758, 655, 535,505, 455, .., 43N, 30N, 55N, 65N, TSN 127
158 558, 505,435, ..., 43N, 50N, 55N 3850
LIE 758, 655, 535, 508, 455, ..., 45H, 50N, 55N, £5M, 13N 5177
1158 555, 505, 435, ., J5H, SDN, S5N -0
1ME 735, 655, 558, 305, 455, .., 43N, 54N, 55N, 63N, TSN 101 -127
1258 535, 508, 455, ., 45N, 500, 55N 123150
1308 855, 155, 658, 558, 505, 455, .., 45N, 50N, 354, 65N, TSN 151 - 178
135E 55§, 508, 435, ..., 43N, 504, 55N 179 .- 201
Pand §
140B 745,655, 538, 305, 455, .., 45N, SO0, 55N, 65M, TSN 1-27
M5 E 535,508, 455, ..., 45N, S0, 55N 18-30
1508 735, 658, 558, 508, 455, ..., 45N, 30N, 55N, 65N, 75N 51-1
153E §55, 505, 455, .. 45N, 50N, 55N 78 - 10¢
150E 738, 658, 355, 505, 438, .., 43N, 30N, 55N, 65N, T5N 101 -127
1652 558, 50%, 455, .., 45N, 500, 55N 128-130
170 758, 655, 5358, 505, 455, ..., 45N, SON, 55N, 65N, 75N 151177
I75E 538, 508, 438, .., 45N, 50N, 35N 178 -200
Band 9
SGN 1ROW, 1T5W, 190W, ..., 165K, 170E, 1T5E 1-72
63N 150W, 170W, 160W, ..., 150E, 160, 1T0E 73 108
N 180W, 170W, 160W, ..., 150E, 160E, 170B 109 144




Trinumlion oeder i
109 Jocaticn [P beed sk
T5H 1BOW, 1T0W, 160W, ..., 150, 160E, 1708 145 - 180
ESH 1E0W, 130W, 1NW, ..., S0E, | 20E, 1508 181-192
Baod 10
§05 FEOW, Y750, LTOWY, ..., |6SE, 1708, 175E 1-72
655 150, 170W, 60V, ..., ISOE, 160K, I70E 73— 108
El33 tRONY, 170W, 160V, ..., LSOE, 160K, 170E 109 - 14
s 180W, 170W, 160W, ..., 150R, 1608, 1708 145~ 180
5% 170W, 140W, 1100, ..., 100E, 1308, i60B 181-19
Table A-31. Validity interval
Data Bitynsd Ronge of valust Aesodurios
Validity interva) (V) 5 03109503 s
Table A-32, Latency time
Data Bita ssed Wangs of valasy Rrahurion
Latency time (L} k] Dale 120 105

Table A-33. Evaluatton of GIVEIi

GRVEL &lvn
0 0.0084 w?
1 0,033 m?
2 0.0749 w*
3 0.1331 n’
4 02079 w!
5 0.2994 m!
6 04075 m?
7 05322 m’
8 06735 '
9 08315 w!
10 11974
11 1.8709
12 33260 m®
13 20787 m®
14 £87.0826 o
15 “Not Monitorad"”

3.54.7  Degradation parameters. Degradation paramelers, whenever used, shali be as follows:

Fast correction degradation factor indicator (ai): an indicator of the fast carrection



degradation factor (a;) for the i*" satcliite as described in Table A-34.

Note, — The aj; 15 aiso used to define the time-out interval for fast corrections, as
described in 3.5.8.1.2,

System fatency timo (tx): the time intecval betwveen the origin of Gie fast comelion degradation and the user differealial range
estimale idicator (UDREL reference time.

B o pawanietes Uhat bounds 1he poise and 1ound-off ervors whes ¢ompuling the vange cate comection degradation as in
355623,

Cie o the raaximum round-off emror due to the resofution of the orbit and ¢lock inforaation.
Ciuc»" the velocity eoror bound on the piaxinum raage rate difference of nuissed messages due ta clock and orbit rate differences.
T p7 the wpdate interval for long-temn comvections if velocity code = | {3.5.4.4.1).

O 0”4 Darameter that bounds the difference between fwo conseculive fang-tenm corrections for satelites with s velocity
code=0.

T 4y the minimum wpdate interval for long-term messages if velocity code =0 {3.54.4.1).
Coro 1y the maximum round-off error due to the resolution ofthe orbit and clock information.

Caroy the velocity emor bound oa the maximum rnge rate diffecence of missed essages due to clock and orbit rate
differences.

Jore: the update interval for GEO ranging fustiion messages.



Table A-34, Fast correction degradation factor

Fast comection degradation Fast corechios degradalion

Eacton indicator {ai) Lactor ()
0 0.0 mm/s*
i 0.05 mm/s?
2 £.09 auv's?
3 .12 mm/s?
4 .15 /s
5 0.20 /st
6 0.30 nu/s?
7 045 mins?
8 0,60 movs?
9 0.90 mm/s?
10 1.50 moy/s?
11 2.10 uv/s”
12 270 /s’
13 3,30 mav/s*
14 4,60 mm/s?
15 5.80 moys?

Cu e bound on the residual eror associated with using data beyond the precision appreachfapproach with vertical guidance
fhme-out,

Close sy the bound on the differcnce between successive ionosphernic grid delay values.
Jiae” the mmimum epdate isterval for iorosphenic comection messages.

Ciunarewy the rate of change of the fonospheric comrections.

RESynae: the root-sunesquare fag for f3s1 and fong-lemn corection residuals.

Coding: 0 = conection residuals are linearly summed
1 = correchion residuals are root-sum-squared

RS hie root-sum-squace flag for ionosphenc rsiduals,

Coding: 0 = comrection residualk are linsarly summed
b = pomection residualy are rovt-sum-squared

Crosarieree: 1he tems which is used to compensate for quantization effects when using the Fype 28 miessage.

Note 1. — Ihe paramelers o and 1 are broadeast tn Type 7 massage. All other poromeiors ara broadcast th Type 10
aMeIsags.

Nota 20 {fmassage Typa 28 1t not broadeast, Cypngime 15 A0t applicable.

3.54.8  Time parameters, Time parameters, whenever used, shall be as follows;

UTC standard identifier; an indication of the UTC reference source as defined in
Table A-35,



GPS time-of-week count; the number of seconds that have passed since the transition
from the previous GPS week (similar to the GPS parameter in 3,1,1,2,6.1 but with a
1-second resolution).

Table A-35. UTC standard identificr

UTC standasd
identifier UTC standard

0 UTC as operated by the Communications Research
Laboratory, Tekyo, Japan

1 UTC a5 operated by the U.S. National Institute of
Standards and Technology

2 UTC as operated by the U.8. Naval Cbservatory

3 UTC as operated by thb International Burean of Weights
and Measures

4 Reserved for UTC as operaled by a European laboratory

Stob Spare
7 UTC not provided




0P8 week Hitmiber fveck cormt) we 111262,
GLONASS indicotor: a flag indicaling i GLONASS time paraiveters ase provided.

Coding: 0 = GLONASS time paramelers are ot grovided
1 = GLONASS fime paranietess are provided

GLONASS times affvet (Sayaraeing). A paraneeter that represents the stable part of the offed bebiveen the GLONASS fine and

the SBAS network lime.

Note.— {f SBAS doex wol support OLONASS, Sayazouss i not applicable.

UTC paraneters: Ay, Awar, Yo WG Atys, Wiy, DN and Aty cp are a5 described in 3.1.1.3.3.6, with the exception thal

the SBAS parameiers relale SNT 1o UTC finse, eather than GBS time,

Note— All parametors ore bioadeast in Type 12 g

31549  Service region parameters. Service region parameters shall be as follows:

Fsaee of dota, savice {10BS): an indication of a change of the senvice provided in the region,

Nimnber of servica messages: Uie number of different Type 27 SHAS service messages being broadeast. (Walue is coded with
an offsetof 1)

Service message number. a sequential suaber idenlifying the message within he cumently broadeast set of Type 27
raessages (from I to punsber of service messages, coded with an offset of 1),

Nuniber of regtons: the number of service segivns for which coordinates ar¢ broadeastin the message.

Priortty code: an indication of 2 message precedenice if tva messages define oveslapping regions. The message with a higher
vatue of priofity code tskes precedeace. If prionty codes are equal, the message wilh the tower SUDRE takes precederice.

SUDRE indteator-insids. au indicalion of repional UDRE degradation factor (SUDRE) 2pplicable at locations inside any
region defined in the message, in acrordance with Table B-34.

SUDRE Wdicator-outstde: an indicalion of regionat UDRE degradation faclor (BUDKRE) applicable at locations oulside alt
segions defioed in zH cunent Typr 27 micssages, in accordance with Table 3-36,

Coordinnte fafifits: the latitude of one comer of 2 region.
Coordinare longitedo: the tongitude of one comes of 2 region.
Regtow shape: an indication of whetler a tegion s a riangle of quadiangle,

Coding: ¢
l

= tangle
= quadrangle

Notg |-~ Coordinaiz 3 hias Coordinate I laviude and Coordinnte 7 longinide. Jf region is a quadrangle, Coordinato 4
has Coordinate 2 latitude and Coordinate 1 langthide. Regivi bowndary ts formed by jointng coondinntes I the sequence
1-2-3-1 (riaghe) or 1-3-24-1 (quadrongls). Boundary segmenis hiave either constant fatitude, constnt longltude, or
constant slopa in degrees of latitude per degreo of longitude. The chenga tn latitde or lengitvde along any boumdary
segnient behiesn raa coardinaies is lass Hion 2180 degrees.
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Table A-36. SUDRE indicator evaluation

SUDRE indicator SUDRE

0 1

1 1.1
2 1.25
k) 15
4 2

5 3

] 4
7 5
8 &
g 3
10 i0
I 20
12 30
13 40
14 50
15 100

Clock-ephemeris covariance malzix parameters. Clock-ephemeris covariance matrix
parameters shall be as follows:

PRN mask number: s¢ce 3.54.1,

Scale exponent; A term to compute the scale factor used to code the Cholesky
factorization elements,

Cholesky factorization elements (Eij): Elements of an upper triangle matrix which
compresses the information in the clock snd ephemeris covariance matrix. These
elements are used to compute the user differential range estimate (UDRE)
degradation factor (SUDRE) as a function of user position.

3.5.5 BEefinitions of Protocols for Data Application

3.5.5.0

35501

Note.— This section provides definitions of parameters used by the non-aircraft or
aircraft clements that are not transmitted. These parateters, necessary to ensure
interoperability of SBAS, are used to determine the navigation solution and its
integrity (protection levels).

Geo Position and Clack

GEO position estimate. The estimated position of a GEO at any time fy is;



Xg
Yﬁ]’“l ] {Ysl (ttoseo)+5 ?u}(t'tncso
Zg

3.5.5.0.2 GEOG clock corection. The clock conection for a SBAS GEO satellite i is applied in
accordance with the following equation:

={q— Alg
where
t = SBAS network time;
tG  =GERO code phase fime at transmission of message; and

MG =GEO code phase offset,

355121  GEO code phase offsel (Alg) at any time t is:
Ata = agm + aon (¢ ~ toos0)
where (£ - togeo) Is corrected for end-of-day crossover.

3552  Long-Temm Correclions

35521 GPS clock correction, The clock correction for a GPS satellite i is applied in
accordance with the following equation:

1= tgy; — {{Atgydr + Batgy]

where
1 = SBAS network titne;
tsy, = {he GPS sateilite tinse af transmission of message;
(Atsydy = the salellite PRN code phase offset as defined in 3.1.2.2; and
BAtsy; = the code phase offset comection.

3.552.1.1  The code phase offset correction (8Atsy,) for a GPS or SBAS satellite i at any
lime of day 4 is:
&fﬂw" = 535@ + Sam (tg - I.u;;)
3.5.5.2.2 GLONASS clock correction, The clock correction for a GLONASS sateilite i is
applied in accordance with the following equation:
t = tev Tafte) — Yaltod(bswi — 1) — BAbsyy



where

t = SBAS network

tsvs = the GLONASS satellite time at fransinission of message
t, Tolk), Yelle) = the GLONASS time parameters as defined in 3.2.2.2
Stgyy = the code phiase offset comrection

The code phase offset comreclion SAtsy; for a GLONASS satellite i is:
5Mgyy= Ba p + Sy ot — t0) + B3 oonass
where {t ~ i1} is conected for end-of-day crossover. If the velocity code =0, then 8a,q=0.

35523 Satellite position comection. The SBAS-corrected vecior for a core satellite
constelfation(s) or SBAS satellite i at time t is:

bt

{8 — o) is conected for end-of-day crossover; and
[x¥; &F = the eare satellite constellation(s) ov SBAS satellite position vector as definedin3.1.23, 3223 and 3.55.1.1.

le
8y,

5%;
+ Iﬁ’i} {t-tur)
bz

8,

where

I the velocity code = 0, her: {6%, 8y, 8%]"={0 0 0]%.

3553  Pscudo-range corrections. The corrected pscudo-range at time t for sateltite i is:

PRi'(omcuz PRy+FC + .RR.C( (fw{w) +ICHTC

where
PRy = the measused pyeudo-sanpe after application of the safellite clock corection;
FCy = the fast corcection;
RRC; = the range 1ale comeclion,
(o} = |he ionesplienc comection;
TG = the ropospleric comection {negative value represeating the troposphere delay); and
e = ihe time of applicabitity of the most recent £a81 cotrections, which is the stant of the epach of the SNT second

that is coincideot with the fansmission 2t the SBAS salellife of the first syrubal of the message block.

3.554  Range rate corrections (RRC), The range rate correction for satellite 1 is:



Fckwmnt - Fcl,pﬂvlmu
RRC, = tof— b [ previous

JUf a2 0

O,Ifa, =0

where
FCloare = the most recent fast cosrection;
FCipmiom = & previous fast costection;
tor = the time of applicability of FC, qrrme;
tiotiam =  the time of applicability of FCy e, and
& = fast comection degradation factor (see Table B-34).

31555  Broadcast lonospheric Corrections

3.5.55.1 Location of ionospheric pierce point (IPP), The location of an IPP is defined to be the
intersection of the line segment from the receiver to the satellite and an ellipsoid with
constant height of 350 km above the WGS-84 eHipsoid. This location is defined in
WGS-84 latitude () and longitude (App).

3.5.55.2 Tlonospheric corrections, The ionospheric correction for satellite i is:

IC; ] FW Ty
where
o'
Fp = obliquity factor =[1 - (’;";:;:) l :
Tge = interpolated vertical ionospheric delay estimate (3.5.5.5.3);
R, = 63781363 km,
8 = elevation angle of satellite , and
by = 350km

Note.— For GLONASS satellites, the ionospheric correction (IC) is to be multiplied
by the square of the ratio of the GLONASS to the GPS frequencies (foronass/fors)s

3.555.3 Interpolated vertical ionospheric delay estimate, When four points are used for
interpolation, the interpolated vertical icnospheric delay estimate at latitude ¢y and
longitude &, is:



)

tWP“Z%T“‘

e
where

Tu: the brozdcast grid point vertical defay values at the k™ cormer of the IGP grid, as shown in Figure B-13.

W) = % Vs

Wa= {1~ Xpp) Yy,

Wi =(t ~ %) (1 - Ypp); and
W,|=1H(1 -'yw).

3.5.5.5.3.1  For IPPs between N85° and 585°;

‘Iﬂ}"ll

Kpp= PN

v =¢'pp'¢l
T )

where

My = Jongitude of IGPs west of IPP;
3= longitude of IGPs east of IPP,

§, = hatitude of IGPs south of IPP; and
& = latitude of IGPs nonk: of IPP.

Note— If b ; and & y cross 180 degrees of longituda, the caleidation of xp, mitst aceornt for the discontimaty in longitude
votues,

3.5.5.53.2  For IPPs north of N85° or south of S85°:

_1opl-85°
BT 00

_ Rpp“aﬂ

o= g g0 X(1-2¥pp) + Yo

where



L1 = longitude of the second IGP to the east of the 1PP,

43 = longitude of the second IGP to the west of the IPP;

%3 = longitude of the closest IGP to the west of the IPP; and
4= longitude of the closest IGP to the east of the [PP,

When three points are used for interpolation, tiie interpolated vertical fonospheric delay estinialed is:
355533  Forpoints between S75¢ and N75%

3
Typp™ Z Wk Tk
. ) B

where

W) =i
Wy =1 —fpp— Ypp: and
Wi =X,

355534  xpandyy, are caleulated as for four-point interpolation, except that Ay and gy are
always the longitude and latitude of IGP2, and ;) and o, are the other longitude
and latitude. IGP2 is always the vertex opposite the hypotenuse of the triangle
defined by the three points, IGP1 has the same longitude as IGP2, and IGP3 hes
the same latitude as IGP2 (an example is shown in Figure B-14).

355535  For poinis north of N75° and south of §75° threc-point interpolation is not
supported.

35354 Selection of ionospheric grid points {IGPs). The protoco! for the se!e-_,ction of IGPs is:
a} For an IPP between N60° and S60°:

1) if four {GPs that define a 5-degree-by-5-degree celt around the IPF are set to
*1" in the TGP mask, they are selected; else,

2) if any three IGPs that define 8 S-degree-by-S-degrec triangle that
circumscribes the IPP are set to 1" in the IGP mask, they are selected; else,

3) if any four IGPs that define a 10-degree-by-10-depree cell around the IPP are
set to “1” in the IGP mask, they are selecied; else,

4) if any thres IGPs that define a 10-degree-by-10-degree triangle (hat
circumseribes the IPP are set to “1” in the IGP 1nask, they are selected; else,



5} an ionospheric correction is not available.;
b} For an IPP between N6O° and N75° or between S60° and 575°;

1y if four IGPs that define a 3-degree-latitude-by-i0-degree longitude ceil
around the 1PP are set to “1” in (he IGP mask, they are selected; else,

2) if any threec IGPs that define a S-degree-latitude-by-10-degree longitude
triangle that circumscribes the IPP are set to “1” in the IGP mask, they arc
sefected; else,

3} if any four IGPs that define a 10-degree-by-10-degree celt around the IPP are
get to “1" in the TGP mask, they are selected; else,

4) if any three IGPs that define a 10-degree-by-10-degree triangle that
circamscribes the IPP are set to 17 in the 1GP mask, they are selected; else,

5} an ionespheric correction is not available;
¢) Foran [PP between N75° and N85° or between §75° and S83%:

1) if the two nearest IGPs at 75° and the two nearest 1GPs at 85° (separated by
30° longitude if Band 9 or 10 is used, separated by 90° otherwise) are set fo
“1” in the IGP mask, a 10-degree-by-18-degree cell is created by linearly
interpolating between the IGPs at 85° to obtain virtual IGPs at longitudes
equal to the longitudes of the IGPs at 75°; else,

2} an ionospheric correction is not avaiiable;

d} For an [PP north of N8§®

1) if the four IGPs at N85° latitude and longitudes of WI80°®, W%0°, 0° and
E90° are set to “1” in the IGP nask, they are selected; else,

2} an ionospheric correction is nof avattable; and
e) For an IPP south of 885°;

1) if the four IGPs at 885° latitnde and longitudes of W140°, W50°, E40° and
E130° are sct to “1” in the TGP mask, they arc selected; else,

2) an ionospheric correction is not available,

Note.— This selection is based only on the information provided in the mask,
without regard to whether the selected IGPs are monitored, “Not Monitored”, or “Do



Not Use™. If any of the selected IGPs is identified as “Do Not Use”, an ionospheric
correclion is not available, If four IGPs are selected, and one of the four is identified
as “Not Monitored”, then three-point interpolation is used if the IPP is within the
{riangular region covered by the three corrections that are provided.

3556  Protection levels. The horizontal prolection level {HPL) and the vertical protection
level (VPL) are:

HPLeoscm KuapaX deugar for en-route through non-precision appeoach (NPA) modes
SEETL KypaXdgup for precision approach (PA) and appsoach with vertieal guidance {APV) modes

VPLspas = Kuvpa % dy

whete

@§=EiL, shof = varisnce of model distribution What overbounds e true exsor distribution in the vertical axis;

dz4d2 .42
i [ (E"';*) Hy



- where

=3l sdof = variance of model distsibution that overbounds the true error disteibution in the x anis,
d=3¥ shof = variance of model distribution that verbonads the true ersor distribution in the y axis;
dey=En 980 =covariancs of modef distribution in the x and y axis;
where

S = e partial derivative of position ervor in the x-direction with sespeet bo pseudo-range error on the i*
sateilite;

sy = the partial derivative of position ermor in the y-divection with respect fo psendo-range error on the i
satellite;

syy =  the partial desivative of posifion error in the venical disection wilh respect to preudo-range eror on the i
safellite; and

o = it et et 0l

The variances {0, and ¢',yaz) a5¢ defined in 3.5.5.6.2 and 3.5 5.6 3.1, The parameters (o 4y a0d 0%po) 222 deternined by
the aircraft element (3.5.8.4 2 and 3.58.4.3).

The x and y axes ase defined lo be in the local liorizonlal plane, and the v axis represents local vestical.

For a general least-squares position solution, the projection matrix § is;

B Sxe . S
:sm S,.; b sb'.‘f_ T .t T
§= St S v S =({GTxWxrOIxeTxW
S5 Sz o« S
where
Gy = {-cosBljcos Az —cos El;sin Azj—sin Bk 1) = i row of G;
, 0 . D
Wiz 0 2 0
0 w W)

Bl, = the elevation angle of the i® ranging source {in degrees);
Az; = the azimuth of the i¥ ranging source faken counter-clockwise from the x axis in degrees; and
w, = the invesse weight associated with satellite 1= o%,

Nota I— To tmprove readability, the subscript i was omitled front the protechion inakix's equation.

Nota 2— For an umwaighted least-squaras selution, the waighting matrfx #s an (dantity mabrix (w; = 1).



3155.6.1 Definition of K values, The K values are;
Kiapa == 6.18;
Knea =6.0; and
Kypa =533,

35562 Definition of fast and long-term correclion error model. If fast corrections and long-
term cotrection/GEO ranging paramelers are applied, and degradation paramelers are
applied:

f(ﬂr,unu){ﬁmu) +Fge o+ By oF g + s,]z, 1£ RSSypne =0 (Mesvage Typa 10)

ofm =
K"i.voke)(ﬁunn)]z + 8%+ £+ 8%y, 4e?,, HRSSypyp = 1 (Message Typeit)

wheee

il using message Type 27, Sypag is a region-specilic term as defined i sechion 3.54.9,
ilusing message Type 28, Sypag i3 a saleltite-specific term as defined in seclion 3.5.5.6.2 5,
if using neither message, Sypas = 1.

If fast conections and long-lerm cometions/GEQ ranging parameltss are applied, bul degradation parameiers ate not applicd:

= Koiwons) (oons) + 800"

3.5.56.2.1  Fast correction degradation. The degradalion patameter for fast correction dala is:

_a(tt )

30 2
wlete

the curen! fime;

(UDREY, reference time): if IODF; #3, the start time of the SNT §-second egoch that is coincident with the prart
of the traosmisson of the message Ylock that conlzing the ntest recent UDRE) data {Type Z to 6, or Type 24
miessages} that matches the [ODF; of the fast correction being used. If JODF; = 3, the start time of the epoch of
the SNT 1-second epoch thal i3 coincident with the start of transmission of the message that contains the fast
correction for the 2 satetlite; and

ty = (asdefinedin3 $4.7).

L@

ty

Nolo— For UDREs broadcast i Type 2 to 5, ond Type 24 massages, &, equals the fime of applicability of the fast
corvections since thay are in the sama message. For UDREs braadcast b Typa 6 mnssage and [f the IODF = 3, 1, also egrals
the tinio of applicability of tha fast correcttons (tg). For UDREs broadeast it Type 6 message and IODF £ 3, 4, is daflned 1o
bat tha time of tronsmisston of the first bii of Tpe 8 miessoge of the GEO.

355,622  Range rale correction degradation



31556221 If the RRC =0, then €. = 0.

3556222 If the RRC # 0 and IOD¥ # 3, the degradation parameter for fast correclion

data is:
0, If (HODF,___,~10DF i )MOD3 = 1
=l sal,
fre ((“T’H%) (t-to), (FIODF,__ 1ODF, . JHOD3 2 |

3.5562.23 HRRC # 0 and [ODE = 3, the degradation parameter for range rate data is:

Iy
Ifl t-—‘|=0
BJ 6 2
= I
Bee=  aldt-% 1
15 Te
= (1t iflnt——l
Tt (ot 5|% 0
whers
t = {lye cumient tine;
IODF e = IODF nssociated with most recen fast conmcticn;
JOD rian = 1ODF associated with previons fast correction;
At = bt — Yor seerioms B3
b = Ihe usez lime-cnt isterval for fast comeclions,

355623  Long-terin correction degradation
155623.1 Core satcllite consteilation{s)

3.55623.1.1  For velocity code = 1, the degradation parameter for long-term corrections of
satellite i is:

o = 0, iftiLT <t HJ;r*FInan
% = TCpg oty + Clio vt WA (O.E,m — 4 tipr = Ie 1) otherwise

1.556.23.1.2  For velocily code = 0, the degradation parameter for long-term cotrections is:

t-the
Ce=Cneg —
e = Ire |h-vtl
where
t = fhe corrent lime;
tge = the ime of transmission of the first bit of the Jong-ferm correction message at the GEQ; and

[x} = 1ihe greatest integer less than x.



1556232 GEO satellites, The degradation parameter for long-term corrections is:

iy ae0 < E< 1

glte =Cpao sb + Cgeo vmax ), 0,6E0 _ tum)r 0,0E0 +16ED

otherwise
Oty op0 — bt~

where { = the current time,

Note.— When long-terta corrections are applied to a GEO satellite, the long-term correction
degradation is applied and the GEO navigation message degradation is not applied.

355624  Degradation for en-route through non-precision approach

= Oif noither fast nor !ong—tezmcmranlzram kv timed out for precision approach/approach with vertical puidance

o C,,jf fast or fong-lemm corrections have timed ot for precision approach/approach wilh vertical guidanca

335625  UDRE degradation factor calculated with message Type 28 data, The SUDRE is:

SUDRE:\‘I IT‘C'I + €

where



b
[I, = theunit vactor frons tlie user fo the satellite in the WGQS-84 ECEF roondinats frame
1

" = E-8F
By Bz By By
_ 0 By Eyy By,
E Tole B By By
¢ 0 0 By

3.5.5.6.3 Definition of ionospheric correction error model

3.5.5.63.1  Broadeast ionospheric corrections. If SBAS-based ionospheric corrections are
applied, S*yire §

oumre = Fyp X v

whete

Fe=  (asdefined in 3.5.5.5.2)

4 3

ofyeg= ) W, o or odye= ) W, 0l

UIvg n ““nlonogrid UIvE n " Yalonogrid
n=1 n=1

using the same ionospheric pierce point weights {W,) and grid points selected for the
ionospheric correction (3.5.5.5).

If degradation parameters are used, for cach grid point:

a?

n,

= {(Onove + Eiona)zt IfRSS;n = 0 (Type 10 message}
oo a%6vE + Lonos IfRSSin0 = 1 {Type 10 message)



where

tina= Clons ey [%] + Conn g (= i)y

1 = thecumren time;

L., = thatime of transmiission of the first bit of the ionospheric comrection message et the GEQ; aod
{x} = 1hegreatest integer fess than x,

1f degradation parameters ave pot used, for each grid poinl:

? aosogrid = 7 nowvn

Note.— For GLONASS safellites, both ooy and e, paraimeters are to be multiplied by the square of the raiio of the
GLONASS to the GES frequencies (farpuudfers!”

355632  Ionospheric corrections. 1f SBAS-based ionospheric correclions are not applied,
2 +
G LIRE 15!

F4
TFrono i

Uﬁmﬁmx{( % {Fop Tyen

where

Tiono = the fonospheric delay estimated by the chosen model (GPS correetion or other
model);  Fpp = (as defined in 3.5.5.5.2);

where
Tieny = the ionospheric delay estimated by the chosen model (GPS correction o other tnodel);
Fp = (psdefined in 3.5.5.5.2);

om,  0<]¢y,| <20
Tt = {45m, 20<]pp| < 55;and

6m,  55<|dy,|
§p = latitude of the ionospheric pierce point.

3156 Message Tables

Each SBAS message shalt be coded in accordance with the corresponding message
format defined in Tables B-37 through B-53. Al signed parameters in these tables shall
be represented in two’s complement, wiil the sign bit ocoupying the MSB.

Note.— The range for the signed parameters is smaller than indicated, as 1he maximum



positive value is constrained fo be one value less (the indicated valve minus the
resolution).

Table A-37. Type ¢ “Do Not Use” message

Drata coniran By used Fanpr ol vakaes Ranlutien
Spare i — —

Table A-38. Type 1 PRN mask message

THn coetrrd Tued Range of valaes Ravodatisn
Por each of 210 PRN eode numbers

Mask valea 1 Borl 1
10BP 2 Ginl 1

Rote— dij pararseiers are dnd in 1540,

Table A-39, Types 2 to 5 fast correction message

Data content Bitsusd Range of raders Bastlation
IODF, 2 Oto3 1
ope 2 Otad i
For 13 slols

Past comection (FCY 12 +256.000 m 05 m
For 13 sles

UDREY q {see Table B-20) (540 Tabla B-20)
Nolgs.—-

1. T porasniters NIDF, and F O, ara defined 2 .5.4.4.2.
2. Iha parematar IGOP & detned in 3.5.4.4,
2 P parameter DDREL i defiowd i ) 545,




Table A-40. Type 6 Entegrity message

Dals coidant By wied Rangs of vkt Recalrion
10TF, 2 Dol ]
1JD¥, ] 010) 1
10LF, 2 Oted ]
ODF, P LELE |
Yor 31 satellims (ocdeced by PRM mack number)
UDRE], 4 (aee Table B.29) {saa Table B-29)
Motes—

1. Tha paromeiars JODF, are dgtrad in £.5.4.4.2
3. The porvneinr UDREZ, (1 defised 1) 545,

Table A-41. Type 7 fast correction degradation facfor message

Dits contest Bty used Fange of vakiss Resokition
System latency (n.} 4 Otol53 ls
100p . 2 Otod 1
Sparw 2 — —
For 51 satellites (ordered by PRN maik number)

Degradation factor indicator

(i) 4 (see Table B-34) (see Tabla B-34)
Nodes —

1. Tha poramwinrs by, aud ol ord defned in 1.1.4.7.
2. The pareometer JODP |5 defined in 3,541,

Table A-42, Type 9 ranging function message

Diata content Bitsuied  Romge ofvahuts Resohation
Reterved 8 _— —

toizn 13 01086384 5 165

URA 4 (see Table B-26) (see Table B-26}
X 30 24294963 m 0.08 m

Yo - 30 +42 949 673 m 0.08m

24 25 6 710 886.4 0.4 m

b 17 +40.96 m/s 0.000625 mfa

b 17 #40.96 /s 0.000625 mfs
iy 18 £524.288 ms 0.004 m's

L, 10 20.0064 m's! 0.0000125 ws’
@ 10 20,0064 m/s? 0.0000125 w’
Ze 10 #0032 mfs’ 0.0000625 mh’
agm 12 +0.9537 % 104 2ty

ain 8 £1.1642 x 105ty 2%s

Noto.— Al pearemories ore defined in $.5.4.2,




Talle A-43. Type 10 degradation parameter

* IESSREE

Dty comtger Bitsund Kange of vakess Kasokaiod
B 10 B 246 m 02 m
LTS 10 Ot 2.045m 000 m
Cuenl 10 0o 005 5 mh 0.00005 m's
Ta i H) O0ta 5114 s

Crepe ] Dta 2048 m 00l m

Ta s ¢ Dto 5114 1s

Coee 1 10 Oto G515 m 00005 m
Conn 10 Ot G055 os 000005 m
Lo 9 Tt 5ls ls

Ca [ Oto 315w 03%5m

Comy g 1¢ 0l eim 0o =
. ¢ Ote 511 is

Clons ang 10 00005145 mh D.OGO00S mfs
55 one i Qa1 1

RSS5m i Qarl 1

Coaminee T 27 <A ]

Spare 8l - —

Note— All parawesers are dgtrad in A F4.7.

Table A-44. Type 12 SBAS network time/UTC message

Dana coampl Bits ned Range of valves Resohation
Asan 24 +7.45 % 107w 250
Ausur L) #ls P

ty B Do 6021125 409613
WH, ] 0to 255 weeks 1 waek
Aljy 8 +128s ls

Whisy 8 O ta 255 waeks 1 wesk

BN 8 1 to 7 days § day
Atrgp g #1285 1s

UTC stapdard identifier 3 {se& Table B-35) {sea Tabla B-35)
GPS time-of-week (TOWN 20 0to§04799 5 1s

GPS week number {(WN) [11] Oto 023 weeks 1 week
GLONASS indicator 1 Corl 1

B2, caomass (Noto 2) 24 £20.10%s 2.0.10%,
Spame 30 — —

Notes —

1. Al parareeters are Saftrad i 3 518,
2. Appiies only {f SBAS sends GLONLSS timing Infvmation in mesicge Tipa 12 free 3.5.7.4.4, Timbag dataj,




Table A-45, Type 17 GEQO almanac message

Trata tondsmt Bitswed Range of valaey Resohzion

For each of 3 satellites
Reserved 2 0 —
PRN code number E] Bto 210 i
Health and shatus ] — —
Xesa 35 +42 398 400 2600 m
Yaa i5 +47 598 400 2800 m
Zoa 9 26 656000 m 26 000
Xga 3 +40 mfs 0m!s
YA 3 40wy 10w
oA 4 +450 /sy 60 m/y

—
-

oz (3pplies fo all thrae satellites) LELY{ B0 E] 643

Now— Al payamanrs are dghnnd In 3,543

Table A-46, Type 18 IGP mask message

Data content Bits wied Py of valoes Resghrion
Number of IGP bands 4 Q1o I} i
IGP band identifier 4 Ot 10 i
Fssue of daia — ionosphers AODYL) 2 0to3 1
Poz 201 TGP

IGP mask valus 1 Oorl 1
Spara ] — -

Note— A1 parcomater? are difined in £34.6,

Table A-47. Type 24 mixed fast/long-term satellite error correction message

Daty conierg Bitsumed Range of vithwrs Rawslution
For 6 slols

Fast comaction {FC) 12 *256.000 m 0125 m
For 6 slots

UDREI, 4 (see Table B-31) {see Table B-11)
JODP 2 Olo3
Fast comection typa idenhifier 2 0103 1
I0DF, 2 Oto3 1
Spare 4 — —_
Typa 25 halfmensage 1] — —
Netws.—
L e 1 i iy Qpd idemifer. JQDF, ad FC, c7p Agitnd In 3. 544 ),

2 permaior JODP I dyfrad ba 3,54 1.

3. Theparcomoter UDRED is dqftnid in §.34.5.

9. I jong-term sandile eror correction message {5 divided Into two Ralfmegzages. The half masage pr @
volocily code = 011 difieed 1 Yobie B-35. Toe Aclf mesiope or aveloeliy codde w ) iz defned in Tadie 899




Table A-48. Type 25 long-terin satellite error correction half message

(VELOCITY CODE =0)

Dt conteck Bits need Range of values Resaluten
Velocity Codu={ 1 9 1
For 2 Satellites

FRN mask numiwr ] Qi 5 1

Tesue of data {IOD) 8 Oio 285 1

bx, 9 %32 m 135w

By ¢ =32 m 018 m

L 9 ¥l m 0123

Bagm 10 e %,
10D H Oto ) 1
Spare 1 — —
Notat—

1. The perameters PN malk meaddr ond FODF arw Syfmd In ). 3440,
2. 11 veher perantenys are defined b 3.5.4.40.

Table A-49, Type 25 long-term satelllte error correction half message

(VELOCITY CODE = 1)

Dati copbect Bits used Ranpe of vakies Rasolation

For I Satellite
Velocity Code = | 1 1 1
PRN mask cumbar [ 0151 1
asue of data {IOT) 8 010255 1
5xy 1t 128 m 0125m
5y, 1 +128 m GESm
5z 1 #128m 0.125 m
sam L} Dy b
5, 8 +0.0625 m/s 27t gpy
53 8 200625 m/s 2™ty
6, 8 +0.0625 m/s 2 s
Sy 8 229t gy TP aup
Time-of-applicability () v} 13 040 B5 384 5 161
ioDP 2 Otad 1

Notet.—

1. The parameters FAN mask number and IODF are defleed in $.5.4.1.
2. Al other paranenrs are dafised n 35441,




