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THE CIVL AVIATION ACT,2OI3

(No.2t of 2ot3)

IN ExERCISE of powers conferred by section 82 of the Civil
Aviation Act. the Cabinet Secretary for Transport, Infrastructure,
Housing and Urban Development makes the following Regulations-

THE CNIL AVIATIoN (RADIo NAVIGATION AIDS) REGULATIoNS,20IS

PART I _ PRELIMINARY PROVISIONS

l. These Regulations may be cited as the Civil Aviation (Radio
Navigation Aids) Regulations 201 8.

2. In these Regulations, unless the context otherwise requires-

"aircraft-based augmentation system (ABAS)" means an
augmentation system that augments or integrates the information
obtained from the other GNSS elements with information available on
board the aircraft;

"air Navigation services" means air traffic services,
communication, navigation and surveillance, and aeronautical
information services;

"air Navigation services facility" means any facility used,
available for use, or designed for use in aid of navigation of aircraft,
including airports, landing fields, any structures, mechanisms, 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;

"air navigation services provider" means an independent entity
established for the purpose of operating and managing air navigation
services and empowered to manage and use the revenues it generated to
cover its costs;

"Act" means the Civil Aviation Act,2013;

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

"alert limit" the error tolerance not to be exceeded without
issuing 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 sea level (MSL);

"ANSP" means Air Navigation Services Provider;

"angular displacement sensitivity" means the ratio of measured
DDM to the corresponding angular displacement from the appropriate
reference line;

"antenna port" means a point where the received signal power is
specified. For an active antenna, the antenna port is a fictitious point
between the antenna elements and the antenna pre-amplifier. For a
passive antenna, the antenna port is the output ofthe antenna itself:

Citation.

Inlerpretation.

No.2l of20l3
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"area navigation (RNAV" 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;

"authority" means the Kenya Civil Aviation Authority
established under section 4 of the Civil Aviation Act, 2013;

"average radius of rated coverage" means the radius of a circle
having the same area as the rated coverage;

"axial ratio" means the ratio, expressed in decibels, between the
maximum output power and the minimum output power of an antenna
to an incident linearly polarized wave as the polarization orientation is
varied over all directions perpendicular to the direction of propagation;

"back course sector" means the course sector which is situated on
the opposite side of the localizer from the runway;

"certificate" means the certificate for the provision of Air
Navigation Services issued by the Authority under the Civil Aviation
(Air Navigation Services) Regulations;

"channel of standard accuracy (CSA)" means the specified level
of positioning, velocity and timing accuracy that is available to any
GLONASS user on a continuous, worldwide basis;

"CNS" means Communication, Navigation and Surveillance;

"conEol 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 flight, but
does not cause aircraft displacement from the desired course or glide
parh;

"core satellite constellations" means the GPS and GLONASS;

"course line" means the locus of points nearest to the runway
centre line in any horizontal plane at which the DDM is zero;

"course sector" means a sector in a horizontal plane containing
the course line and limited by the loci of points nearest to the course
line at which the DDM is 0.155;

"dB" means decibel;

"difference in depth of modulation-DDM" means the percentage
modulation depth of the larger signal minus the percentage modulation
depth of the smaller signal, divided by 100;

"displacement sensitivity (localizer)" means the ratio of
measured DDM to the corresponding lateral displacement from the
appropriate reference line;

"DME" means Distance Measuring Equipment;

"DME dead time" means a period immediately following the
decoding of a valid interrogation during which a received interrogation
will not cause a reply to be generated:

t\
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"DME/N" means distance measuring equipment, primarily
serving operational needs of en-route or TMA navigation, where the
"N" stands for narrow spectrum characteristics;

"DME/" means the distance measuring element of the MLS,
where the "P" stands for precise distance measurement. The spectrum
characteristics are those of DME/N;

"effective acceptance bandwidth" means the range of frequencies
with respect to the assigned frequency for which reception is assured
when all receiver toleranoes have been taken into account;

"effective adjacent channel rejection" means the rejection that is
obtained at the appropriate adjacent channel frequency when all
relevant receiver tolerances have been taken into accountl

"effective coverage" means the area surrounding an NDB within
which bearings can be obtained with an accuracy sufficient for the
nature of the operation concerned;

"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;

"essential 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)" means the
product of the power supplied to the antenna and the antenna gain in a

given direction relative to an isotropic antenna (absolute or isotropic
gain);

"facility Performance Category I - ILS" means an ILS which
provides guidance information from the coverage limit of the ILS to the
point at which the localizcr course line intersects the ILS glide path at a

height of 60 metres (200 fee| or less above the horizontal plane
containing the threshold;

"facility Performance Category II - ILS" 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 ILS glide path at a

height of 15 metres (50 feet) or less above the horizontal plane
containing the threshold;

"facility Performance Category III - 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 radio beacon, the emissions
of which radiate in a vertical fan-shaped pattern;

"final approach (FA) mode" means the condition of DME/P
operation which supports flight operations in the final approach and
runway regions;
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"front course sector" means the course sector which is situated on
the same side of the localizer as the runway;

"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
transmitting an elliptically-polarized VHF data broadcast;

"GBAS/H" means a ground-based augmentation system
transmitting a horizontally-polarized VHF data broadcast;

"global navigation satellite system (CNSS)" means a worldwide
position and time determination system that includes one or more
satellite constellations, alrcraft receivers and system integrity
monitoring, augmented as necessary to support the require navigation
performance for the intended operation;

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

"global positioning system (GPS)" means the satellite navigation
system operated by the United States;

"GNSS position error" means the difference between the true
position and the position determined by the GNSS receiver;

"ground-based augmentation system (GBAS)" means an

augmentation system in which the user recelves auS,mentation
information directly from a ground-based transmitter;

"ground-based regional augmentation system (GRAS" means an

augmentation system in which the user receives augmentation
information directly from one of a group of ground-based transmitters
covering a region;

"half course sector" means the sector, in a horizontal plane
containrng the course line and limited by the loci of points nearest to
the course line at which the DDM rs 0.0775;

"half ILS 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 0.0875;

"height" means the vertical distance of a level, a point or an

object considered as a point, measured from a specified datum;

"human Factors principles" means principles which apPly to
design, certification, training, operations and maintenance and which
seek safe interface between the human and other system components by
proper consideration to human performance;

"ILS" means Instrument Landing System;

"ILS continuity of service" means that quality which relates to
the rarity of radiated signal interruptions. The level of continuity of
service of the localizer or the glide path is expressed in terms of the
probability of not losing the radiated guidance signals;
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"lLS 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 loci, is the closest to the horizontal plane;

"ILS glide path angle" means the angle between a straight line
which represents the mean of the ILS glide path and the horizontal;

"ILS 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 integrity" means that quality which relates to the trust which
can be placed in the correctness of the information supplied by the
facility and the level of integrity of the localizer or the glide path is
expressed in terms of the probability of not radiating false guidance
signals;

"lLS Point "A"" means a point on the ILS glide path measured
along the extended runway centre line in the approach direction a

distance of 7.5 kilometres (4 nautical miles) from the threshold;

"ILS Point "B"" means a point on the ILS glide path measured
along the extended runway centre line in the approach direction a

distance of I 050 metres (3 500 feet) from the threshold;

"ILS Point "C"" means a point through which the downward
extended straight portion of the nominal ILS glide path passes at a

height of 30 metres (100 feet) above the horizontal plane containing the
threshold;

"ILS Point "D" means a point 4 metres (12 feet) above the
runway centre line and 900 metres (3000 feet) from the threshold in
the direction of the localizer:

"lLS Point "E"" means a point 4 metres (12 feet) above the
runway centre line and 600 meters (2000 feet) from the stop end of the
runway in the direction of the threshold;

"ILS reference datum (Point "T"" means a point at a specified
height located above the intersection of the runway centre line and the
threshold and through which the downward extended straight portion of
the ILS glide path passes:

"initial approach (IA) mode" means the condition of DME/P
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. Integrity
includes the ability of a system to provide timely and valid warnings to
the user (alerts);

"key down time" means the time during which a dot or dash of a

Morse character is being transmitted;

"LF/MF" means Low frequency/Medium Frequency;

"locator" means an LFMF NDB used as an aid to final approach;
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"mean power (of a radio transmitter)" means the average power
supplied to the antenna transmission line by a transmitter during an

interval of time sufficiently long compared with the lowest frequency
encountered in the modulation taken under normal operating
conditionsl

"MLS approach reference datum" means a point on the minimum
glide path at a specified height above the threshold;

"MLS datum point" means the point on the runway centre line
closest to the phase centre of the approach elevation antenna;

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

"navigation specification" means a set of aircraft and flight crew
requirements needed to support performance-based navigation
operations within a defined airspace. There are two kinds of navigation
specifications;

"NDB" means Non Directional Radio Beacon:

"required navigation performance (RNP) specifrcation" means a
navrgation specification based on area navigation that includes the
requirement for performance monitoring and alerting, designated by the
prefix RNP, e.g. RNP 4, RNP APCH;

"partial rise time" means the time as measured between the 5 and
30 per cent amplitude points on the leading edge of the pulse envelope;

"path followrng error (PFE)" means that portion of the guidance
signal error which could cause aircraft displacement from the desired
course or glide path;

"performance-based navigation (PBN)" means area navigation
based on performance requirements for aircraft operating along an ATS
route, on an instrument approach procedure or in a designated airspace;

"pressure-altitude" means an atmospheric pressure expressed in
terms of altitude which corresponds to that pressure in the Standard
Atmosphere;

"protected servrce volume" means a part of the facility coverage
where the facility provrdes a particular service in accordance with
relevant SARPs and within which the facility is afforded frequency
protection;

"pseudo-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 amplitude" means the maximum voltage of the pulse
envelope;

"pulse code" means the method of differentrating between W, X,
Y andZ modes and between FA and IA modesl
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"pulse decay time" means the time as measured between the 90
and l0 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 l0 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 strength of the vertical field of the ground wave exceeds the
minimum value specified for the geographical area in which the radio
beacon is situated:

"receiver" means a subsystem that receives GNSS signals and
includes one or more sensors:

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

"reserved (bits/words/fields)" 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 attempting to acquire and lock onto the response to its
own interrogations from the selected transponder;

"satellite-based augmentation system (SBAS)" means a wide
coverage augmentation system in which the user receives augmentation
information from a satellite-based transmitter;

"spare (bits/words/fields)" means bits/words/fields that are not
allocated or 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;

"system efficiency" means the ratio of valid replies processed by
the interrogator to the total of its own interrogations;

"time-to-alert" means the maximum allowable time elapsed from
the onset of the navigation system being out of tolerance until the
equipment enunciates the alerti

"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" mean$ 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;
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"Tribunal" the National Civil Aviation Administrative Review
Tribunal established under section 66 the Civil Aviation Act,2013;

"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
particular glide path channel;

"UHF" means Ultra High Frequency;

"virtual origin" means the point at which the straight line through
the 30 per cent and 5 per cent amplitude points on the pulse leading
edge intersects the 0 per cent amplitude axis;

"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. (l) These Regulations shall apply to a person providing
communication, navigation and surveillance services within designated
air space and at aerodromes.

(2) These Regulations shall not apply to a person providing
communication, navigation and surveillance services to state aircraft.

PART II-GENERAL REQUIREMENTS

4. The minimum requirements for planning, installation,
commissioning, training, operations and maintenance of the
Communications, Navigation and Surveillance (CNS) facilities shall
conform to these Regulations.

5.A person who wishes to provide ANS service or operate a
facility to support an air traffic service shall have an ANSP certificate
issued in accordance with the Civil Aviation (Certification of Air
Navigation Service Providers) Regulations, 2018.

6. (1) A person shall not provide air navigation services or
operate communication, navigation and surveillance facilities or
systems in the designated airspace and aerodromes unless the facilities
or systems have been approved by the Authority.

(2) The ANSP shall notify the Authority of its intention to
procure, install, use, decommission, upgrade or relocate any
communication, navigation and surveillance facility or facilities in the
designated airspace and aerodromes not less than thirty days prior to
the date of start of the process.

(3) The Authority shall approve installation, use,
decommissioning, upgrading or relocation of all the communication,
navigation and surveillance facility or facilities in the designated
airspace and aerodromes.

7. (l) The Authority shall carry out safety inspections and audits
on CNS facilities, documents and records of the CNS facilities to
determine compliance in accordance with these Regulations.

Application.

Requirements tbr
Communication,
Navigation and
Surveillance
(CNS) Facilities.

Certification of
Air Navigation
Service Provider

Approval
Requirement.

Inspections and
Audits.
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(2) An inspector of the Authority shall have unrestricted access to
the facilities, installations, records and documents of the service
provider to determine compliance with these Regulations and required
procedures.

8. ( I ) The Air Navigation Service Provider shall -
(a) establish procedures to ensure that the communication,

navigation and surveillance systems-

(i) are operated, maintained, available and reliable in
accordance with the requirements as may be provided
by the Authority;

(ii) are designed to meet the applicable operational
specification for that facility;

(iii) are installed and commissioned as specified by the
Authority; and

(iv) conform to the applicable system characteristics and
specification standards as may be provided by the
Authority; and

(b) determine the site for installation of a new facility based on
operational requirements, construction aspects and
maintainability.

(2) The facilities in sub-regulation (l) shall be installed by
licensed ATSEPs with relevant ratings for the facilities.

9. The Air Navigation Service Provider shall-
(a) establish procedures to ensure that each new facility-

(i) is commissioned to meet the specifications for that
facility; and

(ii) is in compliance with applicable standards;

(b) ensure that the system performance of the new facility has
been validated by the necessary tests, and that all parties
involved with the operations and maintenance of the
facility, including its maintenance contractors have
accepted and are satisfied with the results of the tests; and

(c) ensure that procedures include documentation of tests
conducted on the facility prior to the commissioning,
including those that test the compliance of the facility with
the applicable standards and any flight check required.

10. (l) An Air Navigation Services Provider shall be responsible
for the provision of communication, navigation and surveillance
services and facilities to ensure that the telecommunication information
and data necessary for the safe, regular and efficient operation of air
navigation is available.

(2) The functional specification of each of the air navigation
service provider's telecommunication services shall include the
following values or characteristics for each service-

Siting and
Installation.

Commissioning
Requirement.

Availability and
Reliability of
CNS facilities.
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(a) availability;

(b) reliability;
(c) accuracy;

(d) integrity;

(e) mean time between failure (MTBF); and

(0 mean time to repair (MTTF).

(3) The values mentioned in sub-regulation (2) shall be derived or
measured from either or both of the-

(a) configuration ofeach service; and

(b) known performance ofeach service.

(4) The air navigation service provider shall describe in the
operations manual the method used to calculate each of the values.

(5) For a radio navigation service, the integrity values or
characteristics shall be given for each kind of navigation aid facility
that forms part of the service.

(6) The performance of technical facilities shall be monitored,
reviewed and reported against these Regulations.

(7) The air navigation service provider shall ensure that a facility
is installed with main and standby power supply and adequate air
conditioning to ensure continuity of operation appropriate to the service
being provided.

I l. An air navigation service provider shall formalize interface
arrangements where applicable with external organizations in the form
of service level agreements, detailing the following-

(a) interface and functional specifications of the support servicel

(b) service level of the support service such as availability,
accuracy, integrity and recovery time of failure of service;
and

(c) monitoring and reporting of the operational status of the
service to the service provider.

12. (1) An air navigation service provider shall-
(a) hold copies of relevant equipment manuals, technical

standards, practices, instructions, maintenance procedures,
site logbooks, systems backup data, equipment and test
gear inventory and any other documentation that are

necessary for the provision and operation of the facility;

(b) establish a procedure for the control of the documentation
required under these Regulations;

(c) keep records under the control of the relevant key
personneli

(d) control access to the records system to ensure appropriate
security.

Interface
armgement for
support services

Record keeping
and
documentation.
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(2) The air navigation service provider shall ensure that data and
voice for air navigation service operational systems are recorded
continuously and procedures established for the retention and
utilization of these recordings for analysis.

(3) An air navigation service provider shall maintain all
documents and records which are necessary for the operation and
maintenance of the service and make available copies of these
documents to personnel where needed.

(4) These documents shall include-
(a) a copy ofthese Regulations;

(b) the air navigation service provider's operations manual;

(c) ICAO Annex l0 Volumes I to V, ICAO Doc 8071 - Manual
on Testing of Radio Navigation Aids, and other relevant
ICAO documents;

(d) records of malfunction and safety incident reports;

(e) records of internal audit reports;

(f) agreements with other organizations;

(g) records of investigation into serious incidents;

(h) records of staff deployment, duty and leave rosters;

(i) records ofequipment spares;

() records of job description, training programme and plan of
each staff member; and

(k) all related air navigation service technical standards and
technical guidance material developed by the Authority.

(5) A document retained for this regulation shall be retained for
at least three (3) years if paper based and one hundred and eighty (180)
days if computer based.

(6) The air navigation service provider shall establish a process
for the authorization and amendment of these documents to ensure that
they are constantly updated and ensure that-

(a) the currency ofthe documentation can be readily determined;

(b) amendments to the documentation are controlled in
accordance with established quality management principles;

(c) only current versions ofdocuments are available; and

(d) the person authorising the creation and any revision is
identified.

(7) The air navigation service provider shall ensure that where
documents are held as computer based records and where paper copies
of computer based records are made, they are subjected to the same
control as paper documents.

(8) An air navigation service provider shall establish procedures
to identify, collect, index, store, maintain, and dispose records
covering-
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(a) the performance and maintenance history of each facility;

(b) the establishment of the periodic test programmes for each
facility;

(c) each item of test equipment required for the measurement of
critical performance parameters;

(d) each reported or detected facility malfunction;

(e) each internal quality assurance review; and

(0 each person who is authorised to place facilities into
operational service.

13. (l) An Air Navigation Services Provider shall develop an

operations manual that demonstrates the Air Navigation Services
Provider's compliance with these Regulations.

(2) The operations manual shall contain-

(a) the information required of the Air Navigation Services
Provider in accordance with these Regulations;

(b) an organization chart of the Air Navigation Services Provider
and its maintenance contractors, if any, that shows the
position of each personnel and the name, qualification,
experience, duties and responsibilities of personnel who are

responsible for ensuring the compliance of the organization
with the requirements described in these Regulations;

(c) an overall operation and maintenance plan for the
aeronautical telecommunication service, and for each
facility, an operation and maintenance plan, as described in
these regulations document;

(d) for each facility, information on the compliance of the
facility with these Regulations and the applicable
aeronautical telecommunication standards; and

(e) the system performance target of each facility, such as its
availability and reliability.

(3) The operations manual shall consist of a main manual
covering the main areas that need to be addressed, as well as separate
supporting documents and manuals (such as the operation and
maintenance plan of each facility) that are referred to in the main
manual.

(4) The air navigation service provider shall establish an

operation and maintenance plan for each facility which shall include-

(a) a procedure for the periodic inspection and testing of each
facility to verify that it meets the operational and
performance specifications of that facility;

(b) details of flight test, if necessary, such as the standards and
procedures to be used and flight test interval, which shall
be in compliance with guidelines prescribed by the
Authority;

Operations
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(c) the interval between periodic inspection and flight test and
the basis for that interval and whenever the interval is
changed, the reasons for such change shall be documented;

(d) the operation and maintenance instructions for each
facility;

(e) an analysis of the number of personnel required to operate
and maintain each facility taking into account the workload
required;

(f) the corrective plan and procedures for each facility,
including such as whether the repair of modules and
component are undertaken in-house or by equipment
manufacturers; and the spare support plan for each facility;
and

(g) the maintenance plan or the operating and maintenance
instructions for each facility shall specify the test
equipment requirements for all levels of operation and
maintenance undertaken.

(5) The air navigation service provider shall control the
distribution of the operations manual and ensure that it is amended
whenever necessary to maintain the accuracy of the information in the
operations manual and to keep its contents up to date.

14. (l) An ANSP shall establish a procedure for the periodic
inspection and testing of the communication, navigation and
surveillance systems to verify that each facility meets the applicable
operational requirements and performance specifications for that
facility.

(2) The air navigation service provider shall ensure-

(a) that appropriate inspection, measuring and test equipment are
available for staff to maintain the operation of each facility; and

(b) the control, calibration and maintenance of such equipment so
that they have the precision and accuracy necessary for the
measurements and tests to be performed.

(3) Periodic inspection shall include-
(a) security ofthe facility and site;

(b) adherence to the approved maintenance programme;

(c) upkeep of the equipment, building, site and site services; and

(d) adequacy of facility records and documentation.

(4) The air navigation service provider shall establish a security
programme for the communication, navigation and surveillance facility.

(5) The security programme required under sub regulation (4)
shall specify the physical security requirements, practices, and
procedures to be followed for the purposes of minimising the risk of
destruction of, damage to, or interference with the operation of
communication, navigation and surveillance facility.
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(6) An air navigation service provider shall make a test
transmission if-

(a) the transmission is necessary to test a service, facility or
equipment;

(b) within a reasonable time before commencing the
transmission, the users have been informed about the
transmissioni

(c) at the commencement of the transmission, the service
provider identifies the transmission as a test transmission;
and

(d) the transmission contains information identifying it as a test
transmission.

(7) The air navigation services provider shall ensure that-

(a) CNS systems and services are protected agatnst cyber
threats and attacks to a level consistent with the application
service requirements;

(b) all end-systems supporting air navigation security services
shall be capable of authenticating the identity of peer end-
systems, authenticating the source of messages and
ensuring the data integrity of the messages;

(c) strategies and best practices on the protection of critical
information and communications technology systems used
for civil aviation purposes are developed and implemented;

(d) policies are established to ensure that, for critical aviation
systems-

(i) system architectures are secure by design;

(ii) systems are resilient;

(iii) methods for data transfer are secured, ensuring
integrity and confidentiality of data;

(iv) system monitorrng, and incident detection and
reporting, methods are implemented; and

(v) forensic analysis of cyber incidents is carried out.

15. An Air Navigation Service Provider shall-

(a) ensure that radio navigation aids are available for use by
aircraft engaged in air navigation and that the radio
navigation aids are subjected to periodic ground and flight
inspections; and

(b) establish a procedure to check and accurately record the
operating condition of any communication, navigation and
surveillance facility that may have been used by an aircraft
that is involved in an accident or incident.

16. The air navigation service provider shall-
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(a) establish a procedure for the manatement and protection of
aeronautical radio spectrum;

(b) designate a responsible person to control any frequency
allocation within the aeronautical radio spectrum to ensure
that there will be no conflict and interference to any radio
stations or facility;

(c) ensure that there is no wilful transmission of unnecessary or
anonymous radio signals, messages or data by any of its
radio stations;

(d) establish procedures with the communication authority to
address occurrence of radio frequency interference;

(e) ensure that any frequency interference occurences are
reported, investigated and follow-up actions taken to prevent
recurrence; and

(f) keep updated records of all allocated frequencies; and ensure
that no facility providing radio signals for the purpose of
aviation safety shall be allowed to continue in operation, if
there is a suspicion or any cause to suspect that the
information being provided by that facility is erroneous.

17. (1) An Air Navigation Services Provider shall-
(a) ensure that it employs sufficient number of personnel who

possess the skills and competencies required in the provision of the
aeronautical telecommunication service;

(b) provide in the MANSOPS an analysis of the personnel
required to perform the Communication Navigation and
surveillance services for each facility taking into account the
duties and workload required;

(c) develop job descriptions for each of its staff that depict the
job purpose, key responsibilities, and outcome to be
achieved of each staff:

(d) develop an overall training policy and programme for the
organization that shall lay down;

(e) designate an officer in charge of training or on-job training
(OJT) at the operational stations;

(0 maintain individual training records for each of its staff;

(g) conduct a yearly review of the training plan for each staff at
the beginning of the year to identify any gaps in competency
and changes in training requirement and prioritize the type of
training required for the coming year; and

(h) ensure that the training requirements of these regulations are
similarly applied to its maintenance contractors, if any.

(2) The OJT officer in sub-regulation (l) (f) above shall have
satisfactorily completed the OJT instructional techniques course.
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(3) A person shall not perform a function related to the
installation, training, operation or maintenance of any communication,
navigation and a surveillance system unless-

(a) that person has successfully completed training in the
performance of that function in line with the ATSEP
competency based training requirements;

(b) the Air Navigation Service Provider is satisfied that the
technical person is competent in performing that function;
and

(c) that person has been certifred in accordance with requirements
of the Civil Aviation Regulations.

18. (l) An air navigation service provider shall establish
procedures for the reporting, collection and notification of facility
malfunction incidents and safety incidents.

(2) The procedures in sub-regulation (l) shall be documented in
the MANSOPS.

(3) An air navigation service provider shall compile reports of
incidents and review such reports periodically with its maintenance
contractors to-

(a) determine the cause of the incidents and determine any
adverse trends;

(b) implement corrective and preventive actions where necessary
to prevent recurrence of the incidents; and

(c) implement any measures to improve the safety performance
of the aeronautical telecommunication service.

(4) The air navigation service provider shall-
(a) report any serious service failure or safety incident to the

Authority and investigate such incidents in order to establish
how and why the incident happened, including possible
organizational contributing factors and to recommend
actions to prevent a recurrence; and

(b) ensure that information on the operational status of each
communication, navigation and surveillance facility that is
essential for the en-route, approach, landing, and take-off
phases of flight is provided to meet the operational needs of
the service being provided.

19. (l) The Air Navigation Service Provider shall develop
proficiency certification program for ATSEP engaged in the
installation, trainlng, operations and maintenance of Communication,
Navrgation and Surveillance systems in accordance with guidelines
provided by the Authority.

(2) The Authority shall certify ATSEP involved in the
installation, training, operations and maintenance of Communication,
Navigation and Surveillance systems in accordance with the Civil
Aviation Regulations.
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20. (l) The Air Navigation Service Provider shall ensure that for
safety critical systems, including automated air traffic control systems,
communication systems and instrument landing systems, the
commissioning of such systems shall include the conduct of a safety
case or equivalent.

(2) The Air Navigation Service Provider shall ensure that human
factors principles are observed in the design, operations and
maintenance of aeronautical telecommunication facilities.

(3) An air navigation service provider shall, as soon as possible-

(a) forward to the Aeronautical Information Services -
(i) information on the operational details of any new facility

for publication in the Aeronautical Information
Publication; and

(ii) information concerning any change in the operational
status of any existing facility, for the issue of a Notice to
Airmen; and

(b) ensure that the information forwarded under sub-paragraph
(a) has been accurately published.

(4) An air navigation service provider shall-
(a) establish a procedure to be used in the event of interruption to

or when upgrading communication, navigation and
surveillance systems; and

(b) specify an acceptable recovery time for each service.

PART IU_RADIO NAVIGATION AIDS

21.(l) The standard radio navigation aids to be used for air
navigation shall include-

(a) the instrument landing system (ILS);

(b) the global navigation satellite system (GNSS);

(c) the VHF omnidirectional radio range (VOR);

(d) the non-directional radio beacon (NDB);

(e) the distance measuring equipment (DME); and

(0 the en-route VHF marker beacon.

(2) Differences in radio navigation aids specified in sub-
regulation (l) shall be published in an Aeronautical Information
Publication (AIP).

(3) The CNS Provider shall publish in an Aeronautical
Information Publication (AIP) any radio navigation aid that is not an
ILS but which may be used in whole or in part with aircraft equipment
designed for use with an ILS.

22. (l) A precision approach radar (PAR) system, where installed
and operated as a radio navigation aid together with equipment for two-
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way communication with aircraft and facilities for the efficient
coordination of these elements with air traffic control, shall conform to
regulation 23.

(2) When a radio navigation aid is provided to support precision
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 coupling (manual or automatic) with, the
desired reference path.

23. (l)The precision approach radar system shall comprise the
following elements-

(a)The precision approach radar element (PAR); and

(b)The surveillance radar element (SRE).

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

24.The specifications for precision approach radar shall be as

contained in the First Schedule.

25. A surveillance radar used as the SRE of a precision approach
radar system shall satisfy the performance requirements as contained
the First Schedule.

26. Information on the operational status of radio navigation
services essential for approach, landing and take-off shall be provided
to aerodrome control tower and units providing approach control
services on a timely basis.

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

28. Human factor principles shall be observed in the design and
certification of radio navigation aids.

29. (l) The ILS shall comprise the following basic components-

(a) VHF localizer equipment, associated monitor system, remote
control and indicator equipment:

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

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

(2) Distance to threshold information to enable glide path
verification checks shall be provided by either VHF marker beacons or
distance measuring equipment (DME), together with associated
monitor systems and remote control and indicator equipment.
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(3) If one or more VHF marker beacons are used to provide
distance to threshold information, the equipment shall conform to the
specifications in the Third Schedule. If DME is used in lieu of marker
beacons, the equipment shall conform to the specifications in 4.6.5 in
the Third Schedule.

30. 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 III LS, the air traffic
services unit involved in the control of aircraft on the final
approach shall-

(i) be one of the designated remote control points and;

(ii) receive information on the operational status of the ILS,
with a delay commensurate with the requirements of the
operational environment;

(b) for a Category I ILS, if that ILS provides an essential radio
navigation service, the air traffic services unit involved in the
control of aircraft on the final approach shall-

(i) be one of the designated remote control points; and

(ii) receive information on the operational status of the ILS,
with a delay commensurate with the requirements of the
operational environment.

3l.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.

32. (1) The localizer and glide path components which form part
of a Facility Performance Category I- ILS shall comply with the
standards requirements as set out in the Second Schedule.

(2) The localizer and glide path components which form part of a

Facility Performance Category II ILS shall comply with
requirements as provided in the Second Schedule.

(3) The localizer and glide path components which form part of a

Facility Performance Category II ILS shall comply with
requirements as provided in Second Schedule.

33. The ILS shall be designed and maintained to ensure adequate
level of safety within the performance requirements in these
Regulations and consistent with the category of operational
performance.

34. (1) Where two separate ILS facilities serve opposite ends of a
single runway an interlock shall be used.
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(2) The CNS provider shall ensure that the interlock in sub-
regulation lallows only the localizer serving the approach direction in
use to radiate, except where the localizer in operational use is Facility
Performance Category I - ILS and no operationally harmful
interference results.

(4) When switching from one ILS facility to another, radiation
from both shall be suppressed for not less than 20 seconds.

35.The specifications of the VHF Localizer and associated
monitor shall be as set out in the Second Schedule.

36. The specifications of the UHF glide path and associated
monitor shall be as set out in the Fourth Schedule.

37. The pairing of the runway localizer and glide path transmitter
frequencies of an instrument landing system shall be as contained in the
Fourth Schedule.

38. The specifications of the VHF Marker beacons shall be as

provided in the Fourth Schedule.

39. The specifications of the VHF omni-directional range
specifications shall be as provided in the Fifth Schedule.

40. The specifications of the Non directional radio beacon
specifications shall be as provided in the Sixth Schedule.

41. The DME system shall provide for continuous and accurate
indication in the cockpit of the slant range distance of an equipped
aircraft from an equipped ground reference point.

42. (l) The system shall comprise two basic components, one
fitted in the aircraft, the other installed on the ground.

(2) The aircraft component shall be referred to as the interrogator
and the ground component as the transponder.

43. The specifications of the UHF Distance measuring equipment
specifications shall be as provided in the Seventh Schedule.

44. The specifications of the en-route VHF marker beacon 75
MHz specifications shall be as provided in the Eighth Schedule.

PART IV _ REQUIREMEI.ITS FOR THE GLOBAL NAVIGATION SATELLITE
SYSTEM (GNSS)

45. (l) The ANS Provider shall ensure that the Global Navigation
Satellite System (GNSS) shall provide position and time data to the
aircraft.

(2) The technical specifications for the GNSS shall be as

provided in the Ninth Schedule.
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46. The ANS Provider shall provide the GNSS navigation service
using various combinations of the following elements installed on the
ground, on satellites or on board the aircraft-

(a) Global Positioning System (GPS) that provides the Standard
Positioning Service (SPS);

(b) Global Navigation Satellite System (GLONASS) that
provides the Channel of Standard Accuracy (CSA)
navigation signal;

(c) aircraft-based augmentation system (ABAS);

(d) -based augmentation system (SBAS);

(e) ground-based augmentation system (GBAS);

(f) ground-based regional augmentation system (GRAS); and

(g) aircraft GNSS receiver.

47. (1) The position information provided by the GNSS to the
user shall be expressed in terms of the World Geodetic System - 1984
(WGS-84) geodetic reference datum.

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

48. The combination of GNSS elements and a fault-free GNSS
user receiver shall meet the signal-in-space requirements as set out in
the Ninth Schedule.

49. The specifications of the GNSS elements shall be as set out in
the Ninth Schedule.

50. GNSS shall comply with performance requirements
contained in the Ninth Schedule.

51. The bearing given by the Automatic Direction Finder (ADF)
system shall not be in error by more than plus or minus 5 degrees with
a radio signal from any direction having a field strength of 70
microvolts per metre or more radiated from an LFA4F NDB or locator
operating within the tolerances permitted by these Regulations and in
the presence also of an unwanted signal from a direction 90 degrees
from the wanted signal and-

(a)on the same frequency and 15 dB weaker;

(b)plus or minus 2kHz away and 4 dB weaker; or

(c)plus or minus 6 kHz or more away and 55 dB stronger.

PART V_EXEMPTIoNS

52. (l) A person may apply to the Authority for an exemption
from any provision of these Regulations.

(2) Unless in case of emergency, a person requiring exemptions
from any of these Regulations shall make an application to the
Authority at least sixty days prior to the proposed effective date, giving
the following information-
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(a) name and contact address including electronic mail and fax if
any;

(b) telephone number:

(c) a citation of the specific requirement from which the
applicant seeks exemption;

(d) justification for the exemption;

(e) a description of the type of operations to be conducted under
the proposed exemption;

(0 the proposed duration of the exemption;

(g) an explanation of how the exemption would be in the public
interest;

(h) a detailed description of the alternative means by which the
applicant will ensure a level of safety equivalent to that
established by the regulation in question;

(i) a safety risk assessment carried out in respect of the
exemption applied for;

0) if the applicant handles international operations and seeks to
operate under the proposed exemption, an indication whether
the exemption would contravene any provision of the
Standards and Recommended Practices of the International
Civil Aviation Organization (ICAO); and

(k) any other information that the Authority may require.

(3) Where the applicant seeks emergency processing of an

application for exemption, the application shall contain supporting facts
and reasons for not filing the application within the time specified in
sub regulation (2) and satisfactory reason for deeming the application
an emergency.

(4) The Authority may in writing, refuse an application made
under sub regulation (3), where in the opinion of the Authority, the
reasons given for emergency processing are not satisfactory.

(5) The application for exemption shall be accompanied by fee
prescribed by the Authority.

53. (l) The Authority shall review the application for exemption
made under regulation 52 for accuracy and compliance and if the
application is satisfactory, the Authority shall publish a detailed
summary of the application for comments, within a prescribed time, in
either-

(a) the Gazette;

(b) aeronautical information circular; or

(c) a daily newspaper with national circulation.

(2) Where application requirements have not been fully complied
with, the Authority shall request the applicant in writing, to comply
prior to publication or making a decision under subregulation (3).

Review and
publication
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(3) If the request is for emergency relief, the Authority shall
publish the decision as soon as possible after processing the
application.

54. (1) Where the application requirements have been satisfied,
the Authority shall conduct an evaluation of the request to include-

(a) determination of whether an exemption would be in the public
interest;

(b) a determination, after a technical evaluation of whether the
applicant's proposal would provide a level of safety
equivalent to that established by the regulation, although
where the Authority decides that a technical evaluation of the
request would impose a significant burden on the Authority's
technical resources, the Authority may deny the exemption
on that basis;

(c) a determination of whether a grant of the exemption would
contravene these Regulations; and

(d) a recommendation based on the preceding elements, of
whether the request should be granted or denied, and of any
conditions or limitations that should be part of the
exemption.

(2) The Authority shall notify the applicant in writing of, the
decision to grant or deny the request and publish a detailed summary of
its evaluation and decision.

(3) The summary referred to in sub-regulation (2) shall specify
the duration of the exemption and any conditions or limitations of the
exemption.

(4) If the exemption affects a significant population of the
aviation community of Kenya, the Authority shall publish the summary
in aeronautical information circular.

Pnnr VI-GTNERAL PROVISIoNS

55. (1) Any person who performs any function prescribed by
these Regulations directly or by contract under the provisions of these
Regulations may be tested for drug or alcohol usage.

(2) A person who-
(a) refuses to submit to a test to indicate the percentage by

weight of alcohol in the blood; or

(b) refuses to submit to a test to indicate the presence of narcotic
drugs, marijuana, or depressant or stimulant drugs or
substances in the body, when requested by a law
enforcement officer or the Authority, or refuses to furnish or
to authorise the release of the test results requested by the
Authority shall-
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(i) be denied any licence, certificate, rating, qualification, or
authorisation issued under these Regulations for a period
of up to one year from the date of that refusal; or

(iD have therr licence, certificate, ratrng, qualification, or
authorisation 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 drugs,
marijuana, or depressant or stimulant drugs or substances, shall-

(a) be denied any license, certificate, rating, qualification, or
authorisation issued under these Regulations for a period of up to one
year after the date of conviclion; or

(b) have their licence, certrficate, rating. qualification, or
authorisation issued under these Regulations suspended or revoked.

56. (l) An ANSP holder of a certificate issued under these
Regulations may apply to the Authority for-

(a) replacement of the certificate if lost or destroyed;

(b) change of name on the certificate; or

(c) an endorsement on the certrficate.

(2) When applying under paragraph (l), the holder of a

certificate shall submit to the Authority-

(a) the original certrficate or a copy thereof in case of loss; and

(b) a court order, or other legal document verifying the name
change.

(3) The Authority shall return to the holder of a cenificate, with
the appropriate changes applied for, if any, the originals specified under
paragraph (2) and, where necessary, retain copies thereof.

57. (l) A holder of an ANSP certificate issued under these
Regulations shall notify the Authority of the change in the physical and
mailing address within fourteen days of such change.

(2) A person who does not notify the Authority of the change in
the physical and mailing address within the time frame specified in
sub-regulation (l) shall not exercise the privileges of the certificate.

58. A person may apply to the Authority in the prescribed form
for replacement of documents issued under these Regulations if such
documents are lost or destroyed.

59. (l) A person shall not-
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(a) use any certificate or exemption issued or required by or
under these Regulations which has been forged, altered,
cancelled, or suspended, or to which he is not entitled;

(b) forge or alter any certificate or exemption issued or required
by or under these Regulations;

(c) lend any certificate or exemption issued or required by or
under these Regulations to any other person;

(d) make any false representation for the purpose of procuring
for himself or any other person the grant, issue, renewal or
variation of any such certificate or exemption; or

(e) mutilate, alter, render illegible or destroy any records, or any
entry made therein, required by or under these Regulations to
be maintained, or knowingly make, or procure or assist in the
making of, any false entry in any such record, or wilfully
omit to make a material entry in such record.

(2) All records required to be maintained by or under these
Regulations shall be recorded in a permanent and indelible material.

(3) A person shall not issue any certificate or exemption under
these Regulations unless he is authorised to do so by the Authority.

(4) A person shall not issue any certificate referred to in sub-
regulation (3) unless he has satisfied himself that all statements in the
cenificate are correct, and that the applicant is qualified to hold that
certificate.

60. (l) Any person who knows of a violation of the Act, or any
Regulations, rules, or orders issued thereunder, shall report the
violation to the Authority.

(2) The Authority may determine the nature and type of
investigation or enforcement action that need to be taken.

61. 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.

62. (l) 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 required by, or for the
purpose of these Regulations any orders, notices or proclamations made
there under.

(2) Upon an application being made in connection with which
any fee is chargeable in accordance with the provisions of sub-
regulation (l), the applicant shall be required, before the application is
accepted, to pay the fee so chargeable.

(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 shall not refund the payment made.
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PART VII_OFFENCES AND PENALTIES

63. A person who contravenes any provision of these
Regulations may have his certificate or exemption cancelled or
suspended.

64. (1) A person who contravenes any provision of these
Regulations shall, upon conviction, be liable to a fine not exceeding
one million shillings or to imprisonment for a term not more than six
months or both, and in the case of a continuing contravention, each day
of the contravention shall constitute a separate offence.

(2) If it is proved that an act or omission of any person, which
would otherwise have been a contravention by that person of a
provision of these Regulations, orders, notices or proclamations made
there under was due to any cause not avoidable by the exercise of
reasonable care by that person, the act or omission shall be deemed not
to be a contravention by that person of that provision.

65. Where any person is aggrieved by any order made under
these Regulations the person may, within twenty-one days of such
order being made, appeal against the order to the Tribunal.

66. (l) A license, certificate, approval or any other document
issued to an operator prior to the commencement of these Regulations
shall continue in force as if it was issued under these Regulations until
it expires or is cancelled by the Authority.

(2) Notwithstanding any other provision of these Regulations, a

person who at the commencement of these Regulations. is carrying out
any acts, duties or operations affected by these Regulations shall,
within one (l) year from the date of commencement, or within such
longer time that the Cabinet Secretary may, by notice in the Gazette
prescribe, comply with the requirements of these Regulations or cease
to carry out such acts, duties or operations.

Contravention of
Regulations

Penalties

Appeals to the
Tribuna[.

Transition
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FIRST SCHEDULE

SPECIFICATION FoR PRECISION APPROACH AND SURVEILLANCE RADAR SYSTEM
(regulations 24 & 25)

The precision approach radar element (PAR)

Coverage

The PAR shall be capable of detecting and indicating the position of an aircraft
of l5 m'echoing area or larger, which is within a space bounded by a 20-degree
azimuth sector and a7-degree elevation sector, to a distance of at least 16.7 km
(9 NM) from its respective antenna.

For guidance in determining the significance of the echoing areas of aircraft, the
following shall included:

a) private flyer (single-engined): 5 to l0 m2;

b) small twin-engined aircraft: from 15 m2;

c) medium twin-engined aircraft: from 25 m2;

d) four-engined aircraft: from 50 to 100 mr.

Sitittg

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 I degree to plus 6
degrees in elevation.

Accuracy

Azimuth accuracy - Azinuth information shall be displayed in such a manner
that left-right deviation from the on-course line shall be easily observable. The
maximum permissible error with respect to the deviation from the on-course line
shall be either 0.6 per cent of the distance from the PAR antenna plus 10 per
cent of the deviation from the on-course line or 9 m (30 ft), whichever is greater.
The equipment shall be so sited that the error at the touchdown shall not exceed
9 m (30 ft). 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. It shall
be possible to resolve the positions of two aircraft which are at 1.2 degrees in
azimuth of one another.

Elevation accuracy - Elevation information shall be displayed in such a manner
that up-down deviation from the descent path for which the equipment is set
shall be easily 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 l0 per cent of the actual linear displacement from the chosen
descent path or 6 m (20 ft), whichever is greater. The equipment shall be so sited
that the error at the touchdown shall not exceed 6 m (20 ft). The equipment shall
be so aligned and adjusted that the displayed error at the touchdown shall be a

minimum and shall not exceed 0.2 per cent of the distance from the PAR
antenna or 3 m (10 ft), whichever is greater. It shall be possible to resolve the
positions of two aircraft that are at 0.6 degree in elevation of one another.

Distance accuracy - The error in indication of the distance from the touchdown
shall not exceed 30 m (100 ft) plus 3 per cent of the distance from the

1 .1 .3.2

1.1.3.3
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touchdown. It shall be possible to resolve the positions of two aircraft which are
at 120 m (400 ft) of one another on the same azimuth.

Information shall be made available to permit the position of the controlled
aircraft to be established with respect to other aircraft and obstructions.
Indications shall also permit appreciation of ground speed and rate of departure
from or approach to the desired flight path.

Information shall be completely renewed at least once every second.

The surveillance radar element (SRE)

Coverage

The SRE shall be capable ofdetecting aircraft of l5 m2 echoing area and larger,
which are in line of sight of the antenna within a volume described as follows:
The rotation through 360 degrees about the antenna of a vertical plane surface
bounded by a line at an angle of 1.5 degrees above the horizontal plane of the
antenna, extending from the antenna to 37 km (20 NM); by a vertical line at 37
km (20 NM) from the intersection with the 1.5-degree line up to 2 400 m (8 000
ft) above the level of the antenna; by a horizontal line at 2 400 m (8 000 ft) from
37 km (20 NM) back towards the antenna to the intersection with a line from the
antenna at 20 degrees above the horizontal plane of the antenna, and by a 20-
degree line from the intersection with the 2 400 m (8 000 ft) line to the antenna.

Efforts shall be made in development to increase the coverage on an aircraft of
l5 m2 echoing area to at least the volume obtained by amending l.2.l.t with the
following substitutions:

(l) for 1.5 degrees, read 0.5 degree;

(2) for 37 km (20 NM), read46.3 km (25 NM);

(3) for 2 400 m (8 000 ft), read 3 000 m (10 000 ft);

(4) for20 degrees, read 30 degrees.

Accuracy

Azimuth accuracy. The indication of position in azimuth shall be within plus or
minus 2 degrees of the true position. It shall be possible to resolve the positions
of two aircraft which are at 4 degrees of azimuth of one another.

Distance accuracy. The error in distance indication shall not exceed 5 per cent
of true distance or 150 m (500 ft), whichever is the greater. It shall be possible to
resolve the positions of two aircraft that are separated by a distance of I per cent
of the true distance from the point ofobservation or 230 m (750 ft), whichever is
the greater.

1.1.5

1.2

1.2.1

t.2.t.t

1.1.4

t.2.1 .2

1.2.2

r.2.2.t

1.2.2.2

1.2.2.2.lThe error in distance indication shall not exceed 3 per cent of the true distance
or 150 m (500 ft), whichever is the greater.

1.2.3 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 4 seconds.

1.2.4 Efforts shall be made to reduce, as far as possible, the disturbance caused by
ground echoes or echoes from clouds and precipitation.
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SgcoNo SCHEDULE

SPECIFICATIoNS FoR VHF LoCALIZER AND ASSOCIATED MONNOR- (REGI,JLATIONS 32 AND 35)

2.0 Specifications for VHF localizer and associated monitor

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

2.1 General

2.1 .l 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. 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.

2.1 .2 When an observer faces the localizer from the approach end of a runway, the
depth of modulation of the radio frequency carrier due to the 150 Hz tone shall
predominate on the observer's right hand and that due to the 90 Hz tone shall
predominate on the observer's left hand.

2.1 .3 All horizontal angles employed in specifying the localizer field patterns shall
originate from the centre of the localizer antenna system which provides the
signals used in the front course sector.

2.2 Radio frequency

2.2.1 The localizer shall operate in the band 108 MHz to 111.975 MHz. Where a

single radio frequency carrier is used, the frequency tolerance shall not exceed
plus or minus 0.005 per cent. Where two radio frequency carriers are used, the
frequency tolerance shall not exceed 0.002 per cent and the nominal band
occupied by the carriers shall be symmetrical about the assigned frequency.
With all tolerances applied, the frequency separation between the carriers shall
not be less than 5 kHz nor more than l4 kHz.

2.2.2 The emission from the localizer shall be horizontally polarized. The vertically
polarized component of the radiation on the course line shall not exceed that
which corresponds to a DDM error of 0.016 when an aircraft is positioned on
the course line and is in a roll attitude of 20 degrees from the horizontal.

2.2.2.1 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 eror of 0.008 when an aircraft is positioned on the
course line and is in a roll attitude of 20 degrees from the horizontal.

2.2.2.2 For Facility Performance Category III 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 roll attitude of 20 degrees from the horizontal.
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For Facility Performance Category III locahzers, signals emanating from the
transmitter shall contain no components which result in an apparent course line
fluctuation of more than 0.005 DDM peak to peak in the frequency band 0.01
Hz to 10 Hz.

Coverage

The localizer shall provide signals sufficient to allow satisfactory operation of a

typical aircraft installation within the localizer and glide path coverage sectors.
The localizer coverage sector shall extend from the centre of the localizer
antenna system to distances of:

(1) 46.3 km (25 NM) withrn plus or minus l0 degrees from the front course line;

(2) 3l .5 km ( 17 NM) between l0 degrees and 35 degrees from the front course line;

(3) 18.5 km (10 NM) outside of plus or minus 35 degrees if coverage is provided;

except that, where topographical features dictate or operational requirements permit, the
limits may be reduced to 33.3 km (18 NM) within the plus or minus l0-degree sector and
18.5 km (10 NM) within the remainder of the coverage when alternative navigational
facilities provide satisfactory coverage within the intermediate approach area. The
localizer signals shall be receivable at the distances specified at and above a height of 600
m (2 000 ft) above the elevation of the threshold, or 300 m (l 000 ft) above the elevation
of the highest point within the intermediate and final approach areas, whichever is the
higher. Such signals shall be receivable, to the distances specified, up to a surface
extending outward from the localizer antenna and inclined at 7 degrees above the
horizontal.

2.3.2 In all parts of the coverage volume specified in 2.3.1 other than as specified in
2.3.2.1 ,2.3.2.2 and2.3.2.3, the field strength shall be not less than 40 microvolts
per metre (minus I 14 dBW/m2). This minimum field strength shall be required
to permit satisfactory operational usage of ILS localizer facilities.

2.3.2.1 For Facility Performance Category I localizers, the minimum field strength on
the ILS glide path and within the localizer course sector from a distance of 18.5
km (10 NM) to a height of 60 m (200 ft) above the horizontal plane containing
the threshold shall be not less than 90 pv per metre (minus 107 dBW/m2).

2.3.2.2 For Facrlity Performance Category II localizers, the minimum field strength on
the ILS glide path and within the localizer course sector shall be not less than
100 pv per metre (minus 106 dBWm2) at a distance of 18.5 km (10 NM)
increasing to not less than 200 lv per metre (minus 100 dBWm2) at a height of
l5 m (50 ft) above the horizontal plane containing the threshold.

2.3.2.3 For Facility Performance Category III localizers, the minimum field strength on
the ILS glide path and within the localizer course sector shall be not less than
100 pv per metre (minus 106 dBW/m2) at a distance of 18.5 km (10 NM),
increasing to not less than 200 lv per metre (minus 100 dBW/m2) at 6 m (20 ft)
above the horizontal plane containing the threshold. From this point to a further
point 4 m (12 ft) above the runway centre line, and 300 m (l 000 ft) from the
threshold in the direction of the localizer, and thereafter at a height of 4 m ( I 2 ft)
along the length of the runway in the direction of the localizer, the field strength
shall be not less than 100 pv per metre (minus 106 dBW/m2).
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When coverage is achieved by a localizer using two radio frequency carriers,
one carrier providing a radiation field pattern in the front course sector and the
other providing a radiation field pattern outside that sector, the ratio of the two
carrier signal strengths in space within the front course sector to the coverage
limits specified at2.3.l shall not be less than 10 dB.

For Facility Performance Category III localizers, the ratio of the two carrier
signal strengths in space within the front course sector shall not be less than 16

dB.

Course structure

For Facility Performance Category I localizers, bends in the course line shall not
have amplitudes which exceed the following:

For Facility Performance Categories II and III localizers, bends in the course
line shall not have amplitudes which exceed the following:

And for Category III only:

2.4

2.4.1

2.4.2

Zone Amplitude (DDM)

(95% probabiliry)

Outer limit of coverage to ILS Point 0.031

ILS Point "A" to ILS Point "B" 0.031 at ILS Point "A" decreasing at a
linear rate to 0.015 at ILS Point "B"

ILS Point "B" to ILS Point "C"" 0.015

Zone Amplitude (DDM)

(95Vo probability)

Outer limit of coverage to ILS Point
'A"

0.031

ILS Point "A" to ILS Point "B" 0.031 at ILS Point "A" decreasing at a
linear rate to 0.005 at ILS Point "B"

ILS Point "B" to the ILS reference
datum

0.00s

Zone Amplitude (DDM)

(95Vo probability)

ILS reference datum to ILS Point "D" 0.005

ILS Point "D" to ILS Point "E" 0.005 at ILS Point "D" increasing at a linear
rate to 0.010 at ILS Point "E'
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Carrier modulatiort

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.

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.

The following tolerances shall be applied to the frequencies of the modulating
tones:

a) the modulating tones shall be 90 Hz and l50 Hz within plus or minus 2.5
per cent;

b) the modulating tones shall be 90 Hz and 150 Hz within plus or minus I .5
per cent for Facility Performance Category II installations;

c) the modulating tones shall be 90 Hz and 150 Hz within plus or minus I per
cent for Facility Performance Category III installations;

d) the total harmonic content of the 90 Hz tone shall not exceed 10 per centl
additionally, for Facility Performance Category III localizers, the second
harmonic of the 90 Hz tone shall not exceed 5 per cent;

e) the total harmonic content of the I 50 Hz tone shall not exceed I 0 per cent.

For Facility Performance Category I - ILS, the modulating tones shall be 90
Hz and 150 Hz within plus or minus 1.5 per cent..

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

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:

a) for Facility Performance Categories I and II localizers: 20 degrees; and

b) for Facility Performance Category III localizers: l0 degrees, of phase

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

With two-frequency localizer systems,2.5.3.3 shall apply to each carrier. 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 direction within:

a) for Categories I and II localizers: 20 degrees; and

b) for Category III localizers: l0 degrees, of phase relative to 90 Hz. Similarly,
the 150 Hz tones of the two carriers shall be phase-locked so that the
demodulated rvave forms pass through zero in the same direction within:

2.5

2.5.1

2.5.2

2.5.3

2.5.3.1

2.5.3.2

2.5.3.3

2.5.3.4
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l) for Categories I and II localizers: 20 degrees; and

2) for Category III localizers: l0 degrees, of phase relative to 150 Hz

2.5.3.5 Alternative two-frequency localizer systems that employ audio phasing different
from the normal in-phase conditions described in 2.5.3.4 shall be permitted. In
this alternative system, 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 in2.5.3.4

2.5.3.6 The sum of the modulation depths of the radio frequency carrier due to the 90
Hz and 150 Hz tones shall not exceed 60 per cent or be less than 30 per cent
within the required coverage.

2.5.3.6.1For equipment first installed after 1 January 2000, the sum of the modulation
depths of the radio frequency carrier due to the 90 Hz and 150 Hz tones shall not
exceed 60 per cent or be less than 30 per cent within the required coverage.

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

2.6 Course alignment accuracy

2.6.1 The mean course line shall be adjusted and maintained within limits equivalent
to the following displacements from the runway centre line at the ILS reference
datum:

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

b) for Facility Performance Category II localizers: plus or minus 7.5 m (25 ft);

c) for Facility Performance Category III localizers: plus or minus 3 m (10 ft).

2.6.2 For Facility Performance Category II localizers, the mean course line shall be
adjusted and maintained within limits equivalent to plus or minus 4.5 m (15 ft)
displacement from runway centre line at the ILS reference datum.

2.7 Displacement sensitivity

2.7.1 The nominal displacement sensitivity within the half course sector shall be the
equivalent of 0.00145 DDM/m (0.00044 DDM/fQ 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. For Facility Performance Category I localizers on
runway codes I and 2, the nominal displacement sensitivity shall be achieved at
the ILS Point "B". The maximum course sector angle shall not exceed six
degrees.

2.7.2 The lateral displacement sensitivity shall be adjusted and maintained within the
limits of plus or minus:

a) l7 per cent of the nominal value for Facility Performance Categories I and
II;
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b) l0 per cent of the nominal value for Facility Performance Category III.

For Facility Performance Category II - ILS, displacement sensitivity shall be
adjusted and maintained within the limits of plus or minus 10 per cent.

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. From that angle to
plus or minus l0 degrees, the DDM shall not be less than 0.180. From plus or
minus l0 degrees to plus or minus 35 degrees, the DDM shall not be less than
0.155. Where coverage is required outside of the plus or minus 35 degrees
sector, the DDM in the area of the coverage, except in the back course sector,
shall not be less than 0.155.

Voice

Facility Performance Categories I and II localizers may provide a ground-to-air
radiotelephone communication channel to be operated simultaneously with the
navigation and identification signals, provided that such operation shall not
interfere in any way with the basic localizer function.

Category III localizers shall not provide such a channel, except where extreme
care has been taken in the design and operation of the facility to ensure that
there is no possibility of interference with the navigational guidance.

If the 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 horizontally polarized. Where
two carriers are modulated with speech, the relative phases of the modulations
on the two carriers shall be such as to avoid the occurrence of nulls within the
coverage of the localizer.

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:

a) the ratio ofpeak modulation depth due to the radiotelephone
communications to that due to the identification signal is approximately 9: l;

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

The audio frequency characteristics of the radiotelephone channel shall be flat to
within 3 dB relative to the level at I 000 Hz over the range 300 Hz to 3 000 Hz.

Identification

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

The identification signal shall be produced by Class A2A modulation of the
radio frequency carrier or carriers using a modulation tone of 1 020 Hz within

2.7.3

2.7.4

2.8

2.8.t

2.8.2

2.8.4

2.8.4.1

2.8.3

2.8.3.r

2.9

2.9.1

2.9.2
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plus or minus 50 Hz. The depth of modulation shall be between the limits of 5

and 15 per cent except that, where a radiotelephone communication channel is
provided, the depth of modulation shall be adjusted so that the ratio of peak
modulation depth due to radiotelephone communications to that due to the
identification signal modulation is approximately 9: I (see 2.8 .3.2). The
emissions carrying the identification signal shall be horizontally polarized.
Where two carriers are modulated with identification signals, the relative phase

of the modulations shall be such as to avoid the occurrence of nulls within the
coverage of the localizer.

The identification signal shall employ the International Morse Code and consist
of two or three letters. It may be preceded by the International Morse Code
signal of the letter "I", followed by a short pause where it is necessary to
distinguish the ILS facility from other navigational facilities in the immediate
area.

The identitication signal shall be transmitted by dots and dashes at a speed
corresponding to approximately n seven words per minute, and shall be repeated
at approximately equal intervals, not less than six times per minute, at all times
during which the localizer is available for operational use. When the
transmissions of the localizer are not available for operational use, as, for
example, after removal of navigation components, or during maintenance or test
transmissions, the identification signal shall be suppressed. The dots shall have a

duration of 0.1 second to 0.160 second. The dash duration shall 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 minus l0 per cent. The interval between letters
shall not be less than the duration of three dots.

Sitting

For Facility Performance Categories II and III, the localizer antenna system shall
be located on the extension on the centre line of the runway at the stop end, and
the equipment shall be adjusted so that the course lines will be in a vertical plane
containing the centre line of the runway served. The antenna height and location
shall be consistent with safe obstruction clearance practices.

For Facility Performance Category I, the localizer antenna system shall be
located and adjusted as in 2.10.1, unless site constraints dictate that the antenna
be offset from the centre line ofthe runway.

The off'set localizer system shall be located and adjusted in accordance with the
offset ILS provisions of the ICAO Procedures for Air Navigation Services -
Aircraft Operatictns (PANS-OPS) (Doc 8168), Volume II, and the localizer
standards shall be referenced to the associated fictitious threshold point.

Monitoring

The automatic monitor system shall provide a warning to the designated control
points and cause one of the following to occur, within the period specified in
2.1I .3 .1, if any of the conditions stated in 2. I I .2 persist:

a) radiation to cease; and

b) removal of the navigation and identification components from the carrier.

2.t0

2.to.1

2.10.2

2.r0.2.1

2.11

2.1t.t
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2.11.2 The conditions requiring initiation of monitor action shall be the following:

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

datum;

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

c) for Facility Performance Category III localizers, a shift of the mean course

line from the runway centre line equivalent to more than 6 m (20 ft) at the

ILS reference datum;

d) in the case of localizers in which the basic functions are provided by the use

of a single-frequency system, a reduction of power output to a level such that
any of the requirements of 2.3,2.4 or 2.5 are no longer satisfied, or to a level
that is less than 50 per cent of the normal level (whichever occurs first);

e) in the case of localizers in which the basic functions are provided by the use

of a two-frequency system, a reduction of power output for either carrier to
less than 80 per cent of normal, except that a greater reduction to between 80
per cent and 50 per cent of normal may be permitted, provided the localizer
continues to meet the requirements of 2.3 , 2.4 and 2.5;

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

2.11.2.1 In the case of localizers in which the basic functions are provided by the use of a

two-frequency system, the conditions requiring initiation of monitor action shall
include the case when the DDM in the required coverage beyond plus or minus
l0 degrees from the front course line, except in the back course sector, decreases

below 0.155.

2.11.2.2 The total period of radiation, including period(s) of zero radiation, outside the

performance limits specified in a), b), c), d), e) and f) of 2.11.2 shall be as short
as practicable, consistent with the need for avoiding interruptions of the
navigation service provided by the localizer.

2.11.2.2.1 The total period referred to under 2.11.3 shall not exceed under any

circumstances: l0 seconds for Category I localizers; 5 seconds for Category
II localizers; 2 seconds for Category III localizers.

2.11.2.2.2 The total period under 2.11.2.2.1 shall be reduced so as not to exceed two
seconds for Category II localizers and one second for Category III
localizers.

2.11.2.3 Design and operation of the monitor system shall be consistent with the
requirement that navigation guidance and identification will be removed and a

warning provided at the designated remote control points in the event of failure
of the monitor system itself.
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2.12 Integrity and continuity of service requirements

2.12.1 The probability of not radiating false guidance signals shall not be less than I -
0s x 10-e in any one landing for Facility Performance Categories II and III
localizers.

2.12.2 The probability of not radiating false guidance signals shall not be less than I -
r'0 x l0-? in any one landing for Facility Performance Category I localizers.

2.12.3 The probability of not losing the radiated guidance signal shall be greater than:

a) l-2 x l0{ in any period of l5 seconds for Facility Performance Category II localizers
or localizers intended to be used for Category III A operations (equivalent to 2 000 hours
mean time between outages); and b) I -2 x l0{ in any period of 30 seconds for Facility
Performance Category III localizers intended to be used for the full range ofCategory III
operations (equivalent to 4 000 hours mean time between outages).

2.12.4 The probability of not losing the radiated guidance signal shall exceed 1-a x l0{
in any period of 15 seconds for Facility Performance Category I localizers
(equivalent to 1 000 hours mean time between outages).

2.13 Interference immunity performance for ILS localizer receiving systems

2.13.1 The ILS localizer receiving system shall provide adequate immunity to
interference from two-signal, third order inter modulation products caused by
VHF FM broadcast signals having levels in accordance with the following:

.!iYr+n"r+ l)SU

for VHF FNI sound broadcasting signals in the range 107 .7 - 108.0 MHz

alld

2N, +N, *l Iz+-zo rog{ ]\ 0.4/
<0

for VHF FM sound broadcasting signals below 107.7 MHz, where the frequencies of the
two VHF FM sound broadcasting signals produce, within the receiver, a two-signal,
third-order inter modulation product on the desired ILS localizer frequency. Nl and N2
are the levels (dBm) of the two VHF FM sound broadcasting signals at the ILS localizer
receiver input. Neither level shall exceed the desensitization criteria set forth in2.1,3.2 Lf
= 108.1 - fl , where fl is the frequency of Nl, the VHF FM sound broadcasting signal
closerto 108.1 MHz.

2.13.2 The ILS localizer receiving system shall not be desensitized in the presence of
VHF FM broadcast signals having levels in accordance with the following table:
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Maximum level of unwanted Frequency signal at receiver input

Maximwn lerel oJ urnrailted
Frequenct' .tignal at receiter irtput
(MH:) dBm)

88-102
104

106

107.9

+15
+10
+5

-10
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THIRD SCHEDULE

3.0 VHF marker beacons ( regulation 29 and j7)

3.1 General

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

a particular site.

b) The marker beacons shall conform to the requirements contained in 4.0. When
the installation comprises only two marker beacons, the requirements applicable
to the middle marker and to the outer marker shall be complied with. When the
installation comprises only one marker beacon, the requirements applicable to
either the middle or the outer marker shall be complied with. If marker beacons
are replaced by DME, the requirements of 4.6.5 shall apply.

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

3.1.1 When a marker beacon is used in conjunction with the back course of a

localizer, it shall conform with the marker beacon characteristics specified in
4.0.

3.1.2 Identification signals of marker beacons used in conjunction with the back
course of a localizer shall be clearly distinguishable from the inner, middle and
outer marker beacon identifications, as contained in 4.5.1.

3.2 Radio frequency

3.2.1 The marker beacons shall operate at75 MHz with a frequency tolerance of plus
or minus 0.005 per cent and shall utilize horizontal polarization.

3.3 Coverage

3.3.1 The marker beacon system shall be adjusted to provide coverage over the
following distances, measured on the ILS glide path and localizer course line:

a) inner marker: 150 m plus or minus 50 m (500 ft plus or minus 160 ft);

b) middle marker:300 m plus or minus 100 m (1 000 ft plus or minus 325 ft);

c) outer marker : 600 m plus or minus 200 m (2 000 ft plus or minus 650 f0.

3.3.2 The field strength at the limits of coverage specified in 4.3.1 shall be 1.5

millivolts per metre (minus 82 dBW/m2). In addition, the field strength within
the coverage area shall rise to at least 3.0 millivolts per metre (minus 76
dBW/m2).

3.4 Modularion

3.4.1 The modulation frequencies shall be as follows:

a) inner marker:3 000 Hz;

b) middle marker: I 300 Hz;
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c) outer marker: 400 Hz.

The frequency tolerance ofthe above frequencies shall be plus or minus 2.5 per cent, and

the total harmonic content ofeach ofthe frequencies shall not exceed 15 per cent.

3.4.2 The depth of modulation of the markers shall be 95 per cent plus or minus 4 per
cent.

3.5 ldentification

3.5.1 The carrier energy shall not be interrupted. The audio frequency modulation
shall be keyed as follows:

a) inner marker:6 dots per second continuously;

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

c) outer marker:2 dashes per second continuously. These keying rates shall be

maintained to within plus or minus 15 per cent.

3.6 Sirins

3.6.1 The inner marker shall be located so as to indicate in low visibility conditions
the imminence of arrival at the runway threshold.

3.6. I . I If the radiation pattern is vertical, the inner marker shall be located between 75
m (250 ft) and 450 m (l 500 ft) from the threshold and at not more than 30 m
(100 f0 from the extended centre line ofthe runway.

3.6.1.2 If the radiation pattern is other than vertical, the equipment shall be located so as

to produce a field within the course sector and ILS glide path sector that is
substantially similar to that produced by an antenna radiating a vertical pattern
and located as provided in 4.6.1.1.

3.6.2 The middle marker shall be located so as to indicate the imminence, in low
visibility conditions, of visual approach guidance.

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

3.6.2.2 If the radiation pattern is other than vertical, the equipment shall be located so as

to produce a field within the course sector and ILS glide path sector that is
substantially similar to that produced by an antenna radiating a vertical pattern
and located as contained in 4.6.2.1.

3.6.3 The outer marker shall be located so as to provide height, distance and
equipment functioning checks to aircraft on intermediate and final approach.

3.6.3.1 The outer marker shall be located 7.2km (3.9 NM) from the threshold except
that, where for topographical or operational reasons this distance is not
practicable, the outer marker may be located between 6.5 and I 1 .l km (3.5 and 6
NM) from the threshold.
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If the radiation pattern is vertical, the outer marker shall be not more than 75 m
(250 f0 from the extended centre line of the runway. If the radiation pattern is
other than vertical, the equipment shall be located so as to produce a field within
the course sector and ILS glide path sector that is substantially similar to that
produced by an antenna radiating a vertical pattern.

The positions of marker beacons, or where applicable, the equivalent distance(s)
indicated by the DME when used as an alternative to part or all of the marker
beacon component of the ILS, shall be published in accordance with the
provisions of the Civil Aviation (Aeronautical hlformation Services)
Regulations 2017.

3. When so used, the DME shall provide distance information operationally
equivalent to that furnished by marker beacon(s).

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
information.

The DME in 4.6.5 shall conform to the specification in 7.0

Monitoring

Suitable equipment shall provide signals for the operation of an automatic
monitor. The monitor shall transmit a rvarning to a control point if either of the
following conditions arise:

a) failure of the modulation or keying;

b) reduction ofporver output to less than 50 per cent of normal.

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

Integrity and contiruity of service for an ILS ground eEipment

Introductiort

This material is intended to provide clarification of the integrity and continuity
of service objectives of ILS localizer and glide path ground equipment and to
provide guidance on engineering design and system characteristics of this
equipment. Integrity is needed to ensure that an aircraft on approach will have a
low probability of receiving false guidance; continuity of service is needed to
ensure that an aircraft in the final stages of approach will have a low probability
of being deprived of a guidance signal. Integrity and continuity of service are

both key safety factors during the critical phase of approach and landing. The
integrity and continuity of service must of necessity be known from an

operational viewpoint in order to decide the operational application which an

ILS could support.

It is generally accepted, irrespective of the operational objective, that the
average rate of a fatal accident during landing, due to failures or shortcomings in
the whole system, comprising the ground equipment, the aircraft and the pilot,
should not exceed I x l0-7. This criterion is frequently referred to as the global
risk factor.

3.6.5.3

5.t

3.7 .t

3.7.2

3.8

3.8.1

3.8.1.1

3.8.1.2
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In the case of Category I operations, responsibility for assuring that the above

objective is not exceeded is vested more or less completely in the pilot. In
Category III operations, the same objective is required but must now be inherent
in the whole system. In this context it is of the utmost importance to endeavour
to achieve the highest level of integrity and continuity of service of the ground
equipment.

The requirements for integrity and high continuity of service require highly
reliable systems to minimize the probability of failure which may affect any
characteristic of the total signal-in-space. It is suggested that Kenya endeavours
to achieve reliability with as large a margin as is technically and economically
reasonable. Reliability of equipment is governed by basic construction and
operating environment. Equipment design should employ the most suitable
engineering techniques, materials and components, and rigorous inspection
should be applied in manufacture. Equipment should be operated in
environmental conditions appropriate to the manufacturers' design criteria.

Achieventent and retention ol integrity service levels

An integrity failure can occur if radiation of a signal which is outside specified
tolerances is either unrecognized by the monitoring equipment or the control
circuits fail to remove the faulty signal. Such a failure might constitute ahazard
if it results in a gross error.

Clearly not all integrity failures are hazardous in all phases ofthe approach. For
example, during the critical stages of the approach, undetected failures
producing gross errors in course width or course line shifts are of special
significance whereas an undetected change of modulation depth, or loss of
localizer and glide slope clearance and localizer identification would not
necessarily produce a hazardous situation. The criterion in assessing which
failure modes are relevant must however include all those deleterious fault
conditions which are not unquestionably obvious to the automatic flight system
or pilot.

The highest order of protection is required against the risk of undetected failures
in the monitoring and associated control system. This would be achieved by
careful design to reduce the probability of such occurrences to a low level and
provide fail-safe operations compliant with 2.11.2.3 and 3.7.4,and by carrying
out maintenance checks on the monitor system performance at intervals which
are determined by a design analysis.

A design analysis can be used to calculate the level of integrity of the system in
any one landing. The following formula applies to certain types of ILS and
provides an example of the determination of system integrity, /, from a

calculation of the probability of transmission of undetected effoneous radiation,
P-

3.8.1.3

3.8.1.4

3.8.2

3.8.2.1

3.8.2.2

3.8.2.3

3.8.2.4
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Since the probability of occurrence of an unsafe failure within the monitoring or
control equipment is extremely remote, to establish the required integrity level
with a high degree of confidence would necessitate an evaluation period many
times that needed to establish the equipment MTBF. Such a protracted period is
unacceptable and therefore the required integrity level can only be predicted by
rigorous design analysis of the equipment.

Protection of the integrity of the signal-in-space against degradation which can
arise from extraneous radio interference falling within the ILS frequency band
or from re-radiation of ILS signals must also be considered. With regard to radio
interference it may be necessary to confirm periodically that the level of
interference does not constitute a hazard.

I otsgrty

fo fobrUlity of r comrrrent fif,m E raruitu ud umitor syreos nf,lthg in rrouo's

o&tecodndmon

trusoittr nru be htwea fiilunr ftfIEF)

MEF oft[e umitsng ud esociated couol spno

I = aho of th nn of fiihm il fie rusuius nsuttiE ir fu ndidim of u uooeus dgd to fu nc of
Cl

illrasittrfiihms

I = nb of fu rib of 6thm u hr umnuug ad usodrhd cutol sysun resnthg i! iubility to derett0I u enouetnrs siEul b fo rae of dlumirong aod Biociihd cotol ryrum fiilunr

It = penodofmr(uhous)hhreot-rnsuitncimls

I! = puiod of tnr (ir h0E5)htweetr cbdc u fu nmituhg ud usmiiled c06ol ryrt€u

[tna Ir I I: tn uooirr s]:no chr! uy also h colidmd a muroitta cla*. h 6ic clsa, frcnfmr 11 = Ir d &
fumlarouUh:

P

wtore

P

Yr

M

(2) P

3.8.2.5

3.8.2.6

3.8.2.7 In general, monitoring equipment design is based on the principle of
continuously monitoring the radiated signals-in-space at specific points within

/
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the coverage volume to ensure their compliance with the Standards specified at

2.11 and 3.7. Although such monitoring provides to some extent an indication
that the signal-in-space at all other points in the coverage volume is similarly
within tolerance, this is largely inferred. It is essential therefore to carry out
rigorous flight and ground inspections at periodic intervals to ensure the

integrity of the signal-in-space throughout the coverage volume.

Achievement and retention of continuity oJ service levels

A design analysis should be used to predict the MTBF and continuity of service
of the ILS equipment. Before assignment of a level of continuity of service and
introduction into Category II or III service, however, the mean time between

outages (MTBO) of the ILS should be confirmed by evaluation in an operational
environment. In this evaluation, an outage is defined as any unanticipated
cessation of signal-in-space. This evaluation takes into account the impact of
operational factors, i.e. airport environment, inclement weather conditions,
power availability, quality and frequency of maintenance. MTBO is related to
MTBF, but is not equivalent, as some equiprnent failures, such as a failure of a

transmitter resulting in the immediate transfer to a standby transmitter may not
necessarily result in an outage. For continuity of service Level 2,3 or 4, the
evaluation period should be sufficient to determine achievement of the required
level with a high degree of confidence. One method to demonstrate that
continuity standards are met is the sequential test method. If this method is used,
the following considerations apply:

the minimum acceptable confidence level is 60 per cent. To achieve the

confidence level of 60 per cent, the evaluation period has to be longer than the

required MTBO hours. Typically, these minimal evaluation periods for new and

subsequent installations are for Level 2, I 600 operating hours, for Level 3, 3

200 hours and for Level 4, 6 400 hours. To assess the seasonal influence of the

environment, a minimal evaluation period of one year is typically required for a

new type of installation in a particular environment. It may be possible to reduce

this period in cases where the operating environment is well controlled and

similar to other proven installations. Where several identical systems are being

operated under similar conditions, it may be possible to base the assessment on

the cumulative operating hours of all the systems; this will result in a reduced

evaluation period. Once a higher confidence level is obtained for a type of
installation, subsequent installation of the same type of equipment under similar

operational and environmental conditions may follow shorter evaluation periods;

during the evaluation period, it should be decided for each outage if it is caused

by a design failure or if it is caused by a failure of a component due to its normal

failure rate. Design failures are, for instance, operating components beyond their
specification (overheating, overcurrent, overvoltage, etc. conditions). These

design failures should be dealt with such that the operating condition is brought

back to the normal operating condition of the component or that the component

is replaced with a part suitable for the operating conditions. If the design failure

is treated in this way, the evaluation may continue and this outage is not

counted, assuming that there is a high probability that this design failure will not

3.8.3

3.8.3.l

a)

b)
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3.8.4

3.8.4.1

3.8.4.2

3.8.4.3

3.8.4.4

3.8.4.5
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occur again. The same applies to outages due to any causes which can be

mitigated by permanent changes to the operating conditions.

An assigned continuity of service level should not be subject to frequent change.
A suitable method to assess the behaviour of a particular installation is to keep
the records and calculate the average MTBO over the last five to eight failures
of the equipment. This weighs the MTBO for continuity of service purposes to
be more relevant to the next approach, rather than computing MTBO over the

lifetime of the equipment. If continuity of service deteriorates, the assigned
designation should be reduced until improvements in performance can be

effected.

The follorving configuration is an example of a redundant equipment
arrangement that is likely to meet the objectives for integrity and continuity of
service Levels 3 and 4. The localizer and glide path facilities each consist of two
continuously operating transmitters, one connected to the antenna and the

standby connected to a dummy load. With these transmitters is associated a

monitor system performing the following functions:

a) confirming proper operation within the specified limits of the main
transmitter and antenna system by means of majority voting among redundant
monitors;

b) confirming operation of the standby equipment.

Whenever the monitor system rejects one of the equipments the facility
continuity of service level will be reduced because the probability of cessation

of signal consequent on failure of other equipment will be increased. This
change of performance must be automatically indicated at remote locations.

An identical monitoring arrangement to the localizer is used for the glide path

facility.

To reduce mutual interference between the main and standby transmitters any

stray radiation from the latter is at least 50 dB below the carrier level of the main
transmitter measured at the antenna system.

In the above example, the equipment would include provision to facilitate
monitoring system checks at intervals specified by the manufacturer, consequent
to the design analysis, to ensure attainment of the required integrity level. Such
checks, which can be manual or automatic, provide the means to verify correct
operation of the monitoring system including the control circuitry and

changeover switching system. The advantage of adopting an automatic monitor
integrity test is that no interruption to the operational service provided by the

localizer or glide path is necessary. It is important when using this technique to
ensure that the total duration of the check cycle is short enough not to exceed the

total period specified in2.11.2.3 or 3.7.4

Interruption of facility operation due to primary power failures is avoided by
the provision of suitable standby supplies, such as batteries or "no-break"
generators. Under these conditions, the facility should be capable of continuing
in operation over the period when an aircraft may be in the critical stages of the

I
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approach. Therefore the standby supply should have adequate capacity to sustain
service for at least two minutes.

3.8.4.6 Warnings of failures of critical parts of the system, such as the failure of the
primary power supply, must be given at the designated control points.

3.8.4.7 In order to reduce failure of equipment that may be operating near its monitor
tolerance limits, it is useful for the monitor system to include provision to
generate a pre-alarm warning signal to the designated control point when the
monitored parameters reach a limit equal to a value in the order of 75 per cent of
the monitor alarm limit.

3.8.4.8 An equipment arrangement similar to that at 4.8.4, but with no transmitter
redundancy, would normally be expected to achieve the objectives for continuity
of service l-evel2.

3 .8.5

3.8.5.1

3.8.5.2

3.8.s.3

3.8.s.3

Guidance relating to localizer far field monitors is given below.

Far field monitors are provided to monitor course alignment but may also be
used to monitor course sensitivity. A far field monitor operates independently
from integral and near field monitors. Its primary purpose is to protect against
the risk of erroneous setting-up of the localizer, or faults in the near field or
integral monitors. In addition, the far field monitor system rvill enhance the
ability of the combined monitor system to respond to the effects of physical
modification of the radiating elements or variations in the ground reflection
characteristics. Moreover, multipath effects and runway area disturbances not
seen by near field and integral monitors, and some occLlrrences of radio
interferences may be substantially monitored by using a far field monitoring
system built around a suitable receiver(s), installed under the approach path.

A far field monitor is generally considered essential for Category III operations,
while for Category II it is generally considered to be desirable. Also for
Category I installations, a far field monitor has proved to be a valuable tool to
supplement the conventional monitor system.

The signal received by the far field monitor will suffer short-term interference
effects caused by aircraft movements on or in the vicinity of the runway and
experience has shown that it is not practical to use the far field monitor as an

executive monitor. When used as a passive monitor, means must be adopted to
minimize such temporary interference effects and to reduce the occurrence of
nuisance downgrade indications; some methods of achieving this are covered in
4.8.5.4. The response of the far field monitor to interference effects offers the
possibility of indicating to the air traffic control point when temporary
disturbance of the localizer signal is present. However, experience has shown
that disturbances due to aircraft movements may be present along the runway,
including the touchdown zone, and not always be observed at the far field
monitor. It must not be assumed, therefore, that a far field monitor can provide
comprehensive surveillance of aircraft movements on the runway.

1 Additional possible applications of the far field monitor are as follows:

a) it can be a useful maintenance aid to verify course or course deviation

sensitivity in lieu of a portable far field monitor;
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b) it may be used to provide a continuous recording of far field signal

performance showing the quality of the far field signal and the extent of
signal disturbance.

Possible methods ofreducing the occurrence of nuisance downgrade indications
include:

a) incorporation of a time delay within the system adjustable from 30 to 240

seconds;

b) the use of a validation technique to ensure that only indications not affected

by transitory disturbances are transmitted to the control system;

c) use of low pass filtering.

A typical far field monitor consists of an antenna, VHF receiver and associated
monitoring units which provide indications of DDM, modulation sum, and RF
signal level. The receiving antenna is usually of a directional type to minimize
unwanted interference and should be at the greatest height compatible with
obstacle clearance limits. For course line monitoring, the antenna is usually
positioned along the extended runway centre line. Where it is desired to also
monitor displacement sensitivity, an additional receiver and monitor are

installed with antenna suitably positioned to one side of the extended runway
centre line. Some systems utilize a number of spatially separated antennas.

/
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FoURTH SCHEDULE

4.0 UHF glide path equipment and associated monitor(XD) (regulations 36 and 37)

4.1 General

4.1.1

4.1.2

4.r.2.t

4.t.3

4.t.4

4.t.5

4.t.6

The radiation from the UHF glide path antenna system shall produce a
composite field pattern which is amplitude modulated by a 90 Hz and a 150 Hz
tone. The pattern shall be arranged to provide a straight line descent path in the
vertical plane containing the centre line of the runway, with the 150 Hz tone
predominating below the path and the 90 Hz tone predominating above the path
to at least an angle equal to 1.75 0

The ILS glide path angle shall be 3 degrees. ILS glide path angles in excess of3
degrees shall not be used except where alternative means of satisfying
obstruction clearance requirements are impracticable.

The glide path angle shall be adjusted and maintained within:

a) 0.075 e from 0 for Facility Performance Categories I and II - ILS glide
paths;

b) 0.04 0 from 0 for Facility Performance Category III - ILS glide paths.

The downward extended straight portion ofthe 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 runway served.

The height of the ILS reference datum for Facility Performance Categories II
and III - ILS shall be 15 m (50 ft). A tolerance ofplus 3 m (10 ft) is permitted.

The height of the ILS reference datum for Facility Performance Category I -
ILS shall be 15 m (50 f0. A tolerance of plus 3 m (10 ft) is permitted.

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

Radio frequency

The glide path equipment shall operate in the band 328.6MH2 to 335.4 MHz.
Where a single radio frequency carrier is used, the frequency tolerance shall not
exceed 0.005 per cent. Where two carrier glide path systems are used, the
frequency tolerance shall not exceed 0.002 per cent and the nominal band
occupied by the carriers shall be symmetrical about the assigned frequency.
With all tolerances applied, the frequency separation between the carriers shall
not be less than 4 kHz nor more than 32 kHz.

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

For Facility Performance Category III - ILS glide path equipment, signals
emanating from the transmitter shall contain no components which result in
apparent glide path fluctuations of more than 0.02 DDM peak to peak in the
frequency band 0.01 Hz to l0 Hz.

4.2

4.2.1

4.2.2

4.2.3
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4.3 Coverage

4.3.1 The glide path equipment shall provide signals sufficient to allow satisfactory
operation of a typical aircraft installation in sectors of 8 degrees in azimuth on
each side of the centre line of the ILS glide path, to a distance of at least18.5 km
(10 NM) up to 1.75 0 and down to 0.45 0 above the horizontal or to such lower
angle, down to 0.30 0, as required to safeguard the promulgated glide path
intercept procedure.

4.3.2 In order to provide the coverage for glide path performance specified in 3.3.1,
the minimum field strength within this coverage sector shall be 400 microvolts
per metre (minus 95 dBWm2). For Facility Performance Category I glide paths,
this field strength shall be provided down to a height of 30 m (100 f0 above the
horizontal plane containing the threshold. For Facility Performance Categories II
and III glide paths, this field strength shall be provided down to a height of 15 m
(50 ft) above the horizontal plane containing the threshold.

4.4 ILS glide path structure

4.4.1 For Facility Performance Category I - ILS glide paths, bends in the glide path
shall not have amplitudes which exceed the following:

Zone Amplitude (DDM) (95Vo probability)

Outer limit of coverage

to ILS Point "C" 0.035

4.4.2 For Facility Performance Categories II and III - ILS glide paths, bends in the
glide path shall not have amplitudes which exceed the following:

ZoneAmplitude ( DDM) ( 95?o probability )

Outer limit of coverage

to ILS Point "A" 0.035

ILS Point "A" to 0.035 at ILS Point "A"

ILS Point "B" decreasing at a linear rate to -

0.023 at ILS Point "B"

ILS Point "B" to the ILS reference datum OA23

4.5 Carrier modulation

4.5.1 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. The
depth of modulation shall not deviate outside the limits of 37.5 per cent to 425
per cent.

4.5.2 The following tolerances shall be applied to the frequencies of the modulating
tones:

a) the modulating tones shall be 90 Hz and 150 Hz within 2.5 per cent for
Facility Performance Category I - ILS:

b) the modulating tones shall be 90 Hz and 150 Hz within 1.5 per cent for
Facility Performance Category II - [S;
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c) the modulating tones shall be 90 Hz and 150 Hz within I per cent for
Facility Performance Category III - ILS;

d) the total harmonic content ofthe 90 Hz tone shall not exceed l0 percent:
additionally, for Facility Performance

Category III equipment, the second harmonic of the 90 Hz tone shall not
exceed 5 per cent;

e) the total harmonic content of the I 50 Hz tone shall not exceed l0 per cent.

For Facility Performance Category I - ILS, the modulating tones shall be 90
Hz and 150 Hz within plus or minus 1.5 per cent.

For Facility Performance Category III glide path equipment, the depth of
amplitude modulation of the radio frequency carrier at the power supply
frequency or harmonics, or at other noise frequencies, shall not exceed I per
cent.

The modulation shall be phase-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 within:

a) for Facility Performance Categories I and II - ILS glide paths: 20 degrees;

b) for Facility Performance Category III - ILS glide paths: l0 degrees, of
phase relative to the 150 Hz component, every half cycle of the combined
90 Hz and 150 Hz wave form.

With two-frequency glide path systems,3.5.3 shall apply to each carrier. 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 direction within:

a) for Categories I and II - ILS glide paths: 20 degrees;

b) for Category III - ILS glide paths: 10 degrees, ofphase relative to 90 Hz.
Similarly, the 150 Hz tones of the two carriers shall be phase-locked so that
the demodulated wave forms pass through zero in the same direction,
within:

l) for Categories I and II - LS glide paths: 20 degrees;

2) for Category III - ILS glide paths: l0 degrees, of phase relative to 150

Hz.

Alternative two-frequency glide path systems that employ audio phasing
different from the normal in-phase condition described in 3.5.3.1 shall be
permitted. In these alternative systems, 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 3.5.3. I

Undesired frequency and phase modulation on ILS glide path radio frequency
carriers that can affect the displayed DDM values in glide path receivers shall be

minimized to the extent practical.

4.5.2.t

4.5.2.2

4.5.3

4.5.3.1

4.5.3.2

4.5.4
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4.6.6

4.6.7

4.6.8

4.6

4.6.1

4.7

4.7 .1
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D i splac e me nt s e ns it iv ity

For Facility Performance Category I - ILS glide paths, the nominal angular
displacement sensitivity shall correspond to a DDM of 0.0875 at angular
displacements above and below the glide path between 0.07 0 and 0.14 0.

For Facility Performance Category I - ILS glide paths, the nominal angular
displacement sensitivity shall correspond to a DDM of 0.0875 at an angular
displacement below the glide path of 0.12 0 with a tolerance of plus or minus
0.02 e. The upper and lower sectors shall be as symmetrical as practicable
within the limits specified in 3.6.1.

For Facility Performance Category II - LS glide paths, the angular
displacement sensitivity shall be as symmetrical as practicable. The nominal
angular displacement sensitivity shall correspond to a DDM of 0.0875 at an

angular displacement of:

a) 0. I 2 0 below path with a tolerance of plus or minus 0.02 0;

b) 0.12 0 above path with a tolerance of plus 0.02 0 and minus 0.05 0

For Facility Performance Category III - ILS glide paths, the nominal angular
displacement sensitivity shall correspond to a DDM of 0.0875 at angular
displacements above and below the glide path of 0.12 0 with a tolerance of plus
or minus 0.02 0.

The DDM below the ILS glide path shall increase smoothly for decreasing angle
until a value of 0.22 DDM is reached. This value shall be achieved at an angle
not less than 0.30 0 above the horizontal. However, if it is achieved at an angle
above 0.45 0, the DDM value shall not be less than022 at least down to 0.45 0
or to such lower angle, down to 0.30 0, as required to safeguard the promulgated
glide path intercept procedure.

For Facility Performance Category I - ILS glide paths, the angular
displacement sensitivity shall be adjusted and maintained within plus or minus
25 per cent of the nominal value selected.

For Facility Performance Category II - ILS glide paths, the angular
displacement sensitivity shall be adjusted and maintained within plus or minus
20 per cent of the nominal value selected.

For Facility Performance Category III - ILS glide paths, the angular
displacement sensitivity shall be adjusted and maintained within plus or minus
15 per cent of the nominal value selected.

Monitoring

The automatic monitor system shall provide a warning to the designated control
points and cause radiation to cease within the periods specified in 3.7.3.1 if any
of the following conditions persist:

a) shift of the mean ILS glide path angle equivalent to more than minus 0.075
0 to plus 0.10 0 from 0;

b) in the case of ILS glide paths in which the basic functions are provided by
the use of a single-frequency system, a reduction of power output to less

than 50 per cent of normal, provided the glide path continues to meet the
requirements of 3 .3 , 3 .4 and 3 .51
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c) in the case of ILS glide paths in which the basic functions are provided by
the use of two-frequency systems, a reduction of power output 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 meet the requirements of 3 .3 , 3.4 and 3.5;

d) for Facility Performance Category I - 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 0.0875 is realized by more than the
greater of:

i) Plus or minus 0.0375 0; or

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

e) for Facility Performance Categories II and III - ILS glide paths, a change
of displacement sensitivity to a value differing by more than 25 per cent
from the nominal value;

0 lowering of the line beneath the ILS glide path at which a DDM of 0.0875
is realized to less than 0.1475 0 from horizontal;

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

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

The total period of radiation, including period(s) of zero radiation, outside the
performance limits specified in 3.7.1 shall be as short as practicable, consistent
with the need for avoiding interruptions of the navigation service provided by
the ILS glide path.

The total period referred to under 3.7.3 shall not exceed under any
circumstances:

6 seconds for Category I - ILS glide paths;

2 seconds for Categories II and III - ILS glide paths.

The total period specified under 3.7.3.1 for Categories II and III - ILS glide
paths shall not exceed I second.

Design 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
itself.

Integrity and continuity of service requirements

The probability of not radiating false guidance signals shall not be less than 1-
05x10-ein any one landing for Facility Performance Categories II and III glide
paths.

The probability of not radiating false guidance signals shall not be less than 1-
r'0x l0-7 in any one landing for Facility Performance Category I glide paths.

4.7.2

4.7.3

4.7.3.1

4.7.3.2

4.7.4

4.8

4.8.1

4.8.2
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The probability of not losing the radiated guidance signal shall be greater than l-
2 x10{ in any period of l5 seconds for Facility Performance Categories II and III
glide paths (equivalent to 2 000 hours mean time between outages).

The probability ofnot losing the radiated guidance signal shall exceed l-a x 10{
in any period of 15 seconds for Facility Performance Category I glide paths
(equivalent to I 000 hours mean time between outages).

l,ocalizer and glide pathfrequency pairing

The pairing of the runway localizer and glide path transmitter frequencies of an
instrument landing system shall be taken from the following list:

l-occtli:et' C;lide pc:ttl,
(.ll{.H=) (l{H=)

4.9

4.9.1

loa.t
roa.r5

334-7
334.55
_334.1
3_33.95
329.9
329.75
330.-s
-3 _30-3 5
329-3
329. I 5
331.4
33 L "25
332.O
331.45
332.6
3_32.45
333.2
3_3_3.O5
3_3_3,8
333.65
334.4
334-25
_3_35.O
334.45
3?9-6
329.45
-3-30.2
-330.O5
330.4
330.65
_3_3 1.7
33 r._s5
332-3
332. r 5
332.9
332-75
333.5
333,3 5
331.r
330-95

I Oa.3
I Oa._35
I 08.-s
I 08.-s-s
104.7
t oB.7-s
I Oa.9
10a.9_s
109,1
I09-l-s
I 09.-3
I 09.3-5
I 09.5
109.-s-s
la9-7
I 09.7-s
I 09.9
109-9_s
l ro-t
lro.l5
L lo.3
I lo.3-s
I I O.-s
I I O"-s-5
I ta.7
1 I O-7-s
I ro.9
I I O-9_s
rll.l
1ll.l_s
I I 1.3
IIl-35
I I 1.5
111.5-s
ttt.7
I I 1.7-s
111.9
LlI.9-s
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4.9.1.1 In those regions where the requirements for runway localizer and glide path

transmitter frequencies of an instrument landing system do not justify more than
20 pairs, they shall be selected sequentially, as required, from the following list:

Sequence

ilunrbet'

I
2

3

4

5

6

7

8

9

l0
ll
l2
t3
l4
l5
l6
l7
l8
l9
20

Locali:er
(MH:t

110.3

109.9

r09.5

110.1

109.7

109.3

109.1

110.9

110.7

110.5

108. I

108.3

108.5

108.7

108.9

111.1

1l 1.3

111.5

111.7

1l 1.9

Glide path
(MH:)

335.0

333.8

332.6

334.4

333.2

332.0

331.4

330.8

330.2

329.6

331.7

334. I
329.9

330.5

329.3

33t.7
332.3

332.9

333.5

331.1

4.9.2

4.9.3

Where existing ILS localizers meeting national requirements are operating on
frequencies ending in even tenths of a megahertz, they shall be reassigned
frequencies, conforming with 3.9.1 or 3.9.1.1 as soon as practicable and may
continue operating on their present assignments only until this reassignment can
be effected.

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 except where, by
regional agreement, general use may be made of any of the channels listed in
3 .9.1 .
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FIFTH SCHEDULE

5.0 Specification for VHF Onmi directional Rang,e (VOR) - (regulation 39)

5.1 General

5.1.1

5.t.2

5.1 .3

2129

5.2

5.2.1

5.3

5.3. r

5.2.2

5.2.3

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

The VOR shall radiate a radio frequency carrier with which are associated two
separate 30 Hz modulations. One of these modulations shall be such that its
phase is independent of the azimuth of the point of observation (reference
phase). The other modulation (variable phase) shall be such that its phase at the
point of observation differs from that of the reference phase by an angle equal to
the bearing of the point of observation with respect to the VOR.

The reference and variable phase modulations shall be in phase along the
reference magnetic meridian through the station.

Radio Jrequency

The VOR shall operate in the band lll.975 MHz to 117.975 MHz except that
frequencies in the band 108 MHz to lll.975 MHz may be used when, in
accordance with the provisions of Civil Aviation (Radio Frequency Spectrum
Utilization) Regulations 2017, the use of such frequencies is acceptable. The
highest assignable frequency shall be 117.950 MHz. The channel separation
shall be in increments of 50 kHz referred to the highest assignable frequency. In
areas where 100 kHz or 200 kHz channel spacing is in general use, the
frequency tolerance of the radio frequency carrier shall be plus or minus 0.005
per cent.

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

In areas where new VOR installations are implemented and are assigned
frequencies spaced at 50 kHz from existing VORs in the same area, 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.

Polarization and pattern accuracy

The emission from the VOR shall be horizontally polarized. The vertically
polarized component of the radiation shall be as small as possible.

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

5.3.2
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5.4 Coverage

5.4.1 The VOR shall provide signals such as to permit satisfactory operation of a

typical aircraft installation at the levels and distances required for operational
reasons, and up to an elevation angle of 40 degrees.

5.4.2 The field strength or power density in space of VOR signals required to permit
satisfactory operation of a typical aircraft installation at the minimum service
level at the maximum specified service radius shall be 90 microvolts per metre
or minus 107 dBW/m2.

5.5 Modulations of navigation signals

5.5.1 The radio frequency carrier as observed at any point in space shall be amplitude
modulated by two signals as follows:

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

l) for the conventional VOR, 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 I (i.e. 15 to l7);

2) for the Doppler VOR, the phase of the 30 Hz component varies with azimuth
and is termed the "variable phase" and shall have a deviation ratio of l6 plus or
minus I (i.e. 15 to 17) when observed at any angle of elevation up to 5 degrees,
with a minimum deviation ratio of I I when observed at any angle of elevation
above 5 degrees and up to 40 degrees;

b) a 30 Hz amplitude modulation component:

l) for the conventional VOR, this component results from a rotating field
pattern. the phase of which varies with azimuth, and is termed the "variable
phase";

2) for the Doppler VOR, this component, of constant phase with relation to
azimuth and constant amplitude, is radiated omni-directionally and is termed the
"reference phase".

5.5.2 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.

5.5.3 The depth of modulation of the radio frequency carrier due to the 30 Hz signal,
as observed at any angle of elevation up to 5 degrees, shall be within the limits
of 25 to 35 per cent. The depth of modulation of the radio frequency carrier due
to the 9 96O Hz signal, as observed at any angle of elevation up to 5 degrees,
shall be within the limits of 20 to 55 per cent on facilities without voice
modulation, and within the limits of 20 to 35 per cent on facilities with voice
modulation.

5.5.4 The variable and reference phase modulation frequencies shall be 30 Hz within
plus or minus I per cent.

5.5.5 The subcarrier modulation mid-frequency shall be 9 960 Hz within plus or
minus I percent.

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

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

Subarrter lnvel

I960 Hz
Znd humontc
3rd harmonlc
4th harmontc and above

0 dB reference

-30 dB
-50 dB
-60 dB

Voice and identification

If the VOR provides a simultaneous communication channel ground-to-air, it
shall be on the same radio frequency carrier as used for the navigational
function. The radiation on this channel shall be horizontally polarized.

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

The audio frequency characteristics of the speech channel shall be within 3 dB
relative to the level at I 000 Hz over the range 300 Hz to 3 000 Hz.

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. The identification signal radiation shall be horizontally
polarized.

The identification signal shall employ the International Morse Code and consist
of two or three letters. It shall be sent at a speed corresponding to approximately
7 words per minute. The signal shall be repeated at least once every 30 seconds
and the modulation tone shall be I 020 Hz within plus or minus 50 Hz.

The identification signal shall be transmitted at least three times each 30
seconds, spaced equally within that time period. One of these identification
signals will take the form of a voice identification.

The depth to which the radio frequency carrier is modulated by the code
identification signal shall be close to, but not in excess of l0 per cent except
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.

If the VOR provides a simultaneous communication channel groundto-air, the
modulation depth of the code identification signal shall be 5 plus or minus I per
cent in order to provide a satisfactory voice quality.
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The transmission of speech shall not interfere in any way with the basic
navigational function. When speech is being radiated, the code identification
shall not be suppressed.

The VOR receiving function shall permit positive identification of the wanted
signal under the signal conditions encountered within the specified coverage
limits, and with the modulation parameters specified at 5.6.5,5.6.6 and 5.6.7.

Monitoring

Suitable equipment located in the radiation field shall provide signals for the
operation of an automatic monitor. The monitor shall transmit a waming to a

control point, and either remove the identification and navigation components
from the carrier or cause radiation to cease if any one or a combination of the
following deviations from established conditions arises:

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

b) a reduction of 15 per cent in the modulation components of the radio
frequency signals voltage level at the monitor ofeither the subcarrier, or 30 Hz
amplitude modulation signals, or both.

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.

lnterference immunity performance Jor VOR receiving systems

The VOR receiving system shall provide adequate immunity to interference
from two signal, third-order intermodulation products caused by VHF FM
broadcast signals having levels in accordance with the following:

2M+ Nz+72<0

for VHF FM sound broadcasttng slgnals ln the range 1il7.7 - 108.0 MHz

5.6.7

5.6.8

5.7

5.1 .t

5.7.2

5.8

5.8.1

and

2N1+ N2* 
{zr 

- zo ru# j. ,
for VHF FM sound broadcasting signals below 107.7 MHz,

where the frequencies of the two VHF FM sound broadcasting signals produce, within
the receiver, a two signal, third-order inter modulation product on the desired VOR
frequency.

Nl and N2 are the levels (dBm) of the two VHF FM sound broadcasting signals at the
VOR receiver input. Neither level shall exceed the desensitization criteria set forth in
5.8.2.
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Af = 108.1 - fl , where fl is the frequency of Nl, the VHF FM sound broadcasting signal
closerto 108.1 MHz.

5.8.2 The VOR receiving system shall not be desensitized in the presence of VHF FM
broadcast signals having levels in accordance with the following table:

Freguerrcy

MHz)

Maxlmum levelof
mwantd slgfial at

recdwr lnpd
(dBm)

+15
+10
+5
-10

88-102
104

106

107.9
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SIXTH SCHEDULE

6.0 Specification for non-directional radio beacon (NDB)- ( regulation 40)

6.1 Coverage

6.1.1 The minimum value of field strength in the rated coverage of an NDB shall be
T0omicrovolts per metre.

6.1 .2 All notifications or promulgations of NDBs shall be based upon the average
radius of the rated coverage.

6.1.3 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. Where it is desirable to classify an NDB in such a manner,
the number of sectors shall be kept to a minimum and preferably shall not exceed two.

6.2 Limitations in radiated power

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

6.3 Radio frequencies

6.3.1 The radio frequencies assigned to NDBs shall be selected from those available in
that portion of the spectrum between 190 kHz and I 750 kHz.

6.3.2 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 1 606.5 kHz and
above, the tolerance shall be 0.005 per cent.

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

6.3.4 Where locators associated with ILS facilities serving opposite ends of a single
nrnway are assigned a common frequency, provision shall be made to ensure
that the facility not in operational use cannot radiate.

6.4 ldentification

6.4.1 Each NDB shall be individually identified by a two- or three-letter International
Morse Code group transmitted at a rate corresponding to approximately 7 words
per minute.

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

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

The frequency of the modulating tone used for identification shall be | 020 Hz
plus or minus 50 Hz or 4OO Hz plus or minus 25 Hz.

C harac te r i stic s of e ntis s ions

Except as provided in 6.5.1.1, all NDBs shall radiate an uninterrupted carrier
and be identified by on/off keying of an amplitude modulating tone
(NON/A2A).

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

a) radio interference from radio stations;

b) high atmospheric noisel

c) local conditions

For each 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.

For each NDB identified by on/off keying of an audio modulating
tone, the characteristics of emission during identification shall be such as to
ensure satisfactory identification at the limit of its rated coverage.

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 will be accepted.

Unwanted audio frequency modulations shall total less than 5 per cent of the
amplitude of the carrier.

The bandwidth of emissions and the level of spurious emissions shall be kept at

the lowest value that the state of technique and the nature of the service permit.

Siting of locators

Where locators are used as a supplement to the ILS, they shall be located at the
sites of the outer and middle marker beacons. 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. Where locators are employed as an aid to final approach in
the absence of an ILS, equivalent locations to those applying when an ILS is
installed shall be selected, taking into account the relevant obstacle clearance
provisions of the Civil Aviation (Construction of Visual and Instrument Flight
Procedures) Regulations 20 17.
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Where locators are installed at both the middle and outer marker positions, they
shall be located, where practicable, on the same side ofthe 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.

Monitoring

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

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

b) failure to transmit the identification signal;

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

When an NDB is operated from a power source having a frequency which is
close to airborne ADF equipment switching frequencies, and where the design
of the NDB is such that the power supply frequency is likely to appear as a

modulation product on the emission, the means of monitoring shall be capable
of detecting such power supply modulation on the carrier in excess of 5 per cent.

During the hours of service of a locator, the means of monitoring shall provide
for a continuous check on the functioning of the locator as provided in 6.7 . I a),
b) and c).

During the hours of service of an NDB other than a locator, the means of
monitoring shall provide for a continuous check on the functioning of the NDB
as contained in 6.7.1 a), b) and c).

6.6.2

6;7

6.7.l

6.7.2

6.7.3

6;7.4
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SEVENTH SCHEDULE

7.0 SpecificationforUHFdistancemeasuring,equipment(DME)-(regulation43)

7.1 Ceneral

7 .1 .l The DME system shall provide for continuous and accurate indication in the
cockpit of the slant range distance of an equipped aircraft from an equipped
ground reference point.

7.1 .2 The system shall comprise two basic components, one fitted in the aircraft, the
other installed on the ground. The aircraft component shall be referred to as the
interrogator and the ground component as the transponder.

7.1 .3 In operation, interrogators shall interrogate transponders which shall, in turn,
transmit to the interrogator replies synchronized with the interrogations, thus
providing means for accurate measurement of distance.

7 .1 .4 DME/P shall have two operating modes, IA and FA.

7.1 .5 When a DME is associated with an ILS, MLS or VOR for the purpose of
constituting a single facility, they shall:

a) be operated on a standard frequency pairing in accordance with7.2.3.4;

b) be collocated within the limits for associated facilities described in 7.1.6; and

c) comply with the identification provisions of 7.2.6.4

7.1 .6 Collocation limits for a DME facility associated with an ILS, MLS or VOR

facility
7.1.6.1 Associated VOR and DME facilities shall be collocated in accordance with the

following:

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

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

7.1.6.2 Use of DME or other standard radio navipation aids as an alternative to ILS
marker beacons

'7.1 .6.2.1 When DME is used as an alternative to ILS marker beacons, the DME should
be located on the airport so that the zero range indication will be a point near
the runway. If the DME associated with ILS uses a zero range offset, this
facility has to be excluded from RNAV solutions.

7.1.6.2.2 In order to reduce the triangulation error, the DME should be sited to ensure
a small angle (e.g. less than 2Odegrees) between the approach path and the
direction to the DME at the points where the distance information is required.

7.1 .6.2.3 The use of DME as an alternative to the middle marker beacon assumes a

DME system accuracy of 0.37 km (0.2 NM) or better and a resolution of the
airborne indication such as to allow this accuracy to be attained.

7.1 .6.2.4 While it is not specifically required that DME be frequency paired with the
localizer when it is used as an alternative for the outer marker, frequency
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pairing is preferred wherever DME is used with ILS to simplify pilot
operation and to enable aircraft with two ILS receivers to use both receivers
on the ILS channel

When the DME is frequency paired with the localizer, the DME transponder
identification should be obtained by the "associated" signal from the
frequency-paired localizer

In some locations, the Competent Authority may authorize the use of other
means to provide fixes, such as NDB, VOR or GNSS. This may be useful in
particular in locations where aircraft user equipage with DME is low, or if the
DME is out of service.

The Standards in 7.2, 7.3 and 7.4 denoted by { shall apply only to DME
equipment first installed after I January 1989.

System c haracter istic s

Performance

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.

Coverage

When associated with a VOR, DME/N coverage shall be at least that of the
VOR to the extent practicable.

When associated with either an ILS or an MLS, DME/N coverage shall be at

least that of the respective ILS or of the MLS azimuth angle guidance
coverage sectors.

Accuracy

System accuracy. The accuracy standards specified in 7 .2.1.4,7 .3.5 and'l .4.5

shall be met on a 95 per cent probability basis.

DME/P accuracy

Error components. 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. The control motion noise (CMN) shall
be comprised of those frequency components of the DME/P error at the
output of the interrogator which lie between 0.5 rad/s and l0 rad/s.

Errors on the extended runway centre line shall not exceed the values given
in the ANS Technical Standards, Part II Vol. l.
In the approach sector, away from the extended runway centre line, the
allowable PFE for both standard I and standard 2 shall be permitted to
increase linearly with angle up to plus or minus 40 degrees MLS azimuth
angle where the permitted error is l 5 times that on the extended runway
centre line at the same distance. The allowable CMN shall not increase with
angle. There shall be no degradation of either PFE or CMN with elevation
angle.

7.r.6.2.5

7.t.6.2.6

7 .r.7

't.2

7.2.r

7.2.t.1

7.2.1.2

't .2.t.2.r

7.2.t.2.2

7 .2.1.3

7.2.1.3.1

7.2.1.4

7 .2.1.4.1

'7.2.t.4.2

7.2.t.4.3
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Radio Jrequencies and polarization. The system shall operate with vertical
polarization in the frequency band 960 MHz to I 215 MHz. The interrogation
and reply frequencies shall be assigned with lMHz spacing between channels.

Channelling

DME operating channels shall be formed by pairing interogation and reply
frequencies and by pulse coding on the paired frequencies.

Pulse coding. DME/P channels shall have two different interrogation pulse
codes as shown in the table in7.3.4.1. One shall be used in the initial approach
(IA) mode; the other shall be used in the final approach (FA) mode.

DME operating channels shall be chosen from Table (provided in ANS
Technical Standards, Part ll-Volume l). of 352 channels in which the channel
numbers, frequencies, and pulse codes are assigned.

Channel pairing. When a DME transponder is intended to operate in association
with a single VHF navigation facility in the 108 MHz to 117.95 MHz frequency
band or an MLS angle facility in the 5 03 1.0 MHz to 5 090.7 MHz frequency
band, the DME operating channel shall be paired with the VHF channel or MLS
angle frequency as given in Table (provided in ANS Technical Standards, Part
Il-Volume l).

Interrogation Pulse repetition ft'equency.

DMEIN. 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.

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

DME/N. After l5 000 pairs of pulses 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 successful search is
completed.

DMEIN. When, after a time period of 30 seconds, tracking has not been
established, the pulse pair repetition frequency shall not exceed 30 pulse pairs
per second thereafter.

DME/P. The interrogator pulse repetition frequency shall not exceed the
following number of pulse pairs per second:

a) Search 40

b) aircraft on the ground 5

c) initial approach mode track 16

final approach mode track 40

Aircraft handling capacity of the system

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

Where the peak traffic in an area exceeds 100 aircraft, the transponder shall be

capable of handling that peak traffic.

7.2.4

'7.2.4.1

7.2.4.2

7.2.4.3

7.2.4.4

7.2.4.5

d)

'1.2.5

7 .2.5.1

7.2.5.2



2t40 Kenya Sub sidi aty Le gi s lation, 20 I 8

7.2.6 Transponder identification

7.2.6.1 All transponders shall transmit an identification signal in one of the following
forms as required by 7 .2.6.5:

a) an "independent" identification consisting of coded (International Morse
Code) identity pulses which can be used with all transponders;

b) an "associated" signal which can be used for transponders specifically
associated with a VHF navigation or an MLS angle guidance facility which
itself transmits an identification signal.

7.2.6.2 Both systems of identification shall use signals, which shall consist of the
transmission for an appropriate period of a series of paired pulses transmitted
at a repetition rate of 1 350 pulse pairs per second, and shall temporarily
replace all reply pulses that would normally occur at that time except as in
7.2.6.2.2. These pulses shall have similar characteristics to the other pulses of
the reply signals.

7.2.6.2.1 DME/N. Reply pulses shall be transmitted between key dorvn times.

7.2.6.2.2 DME/N.Ifitisdesiredtopreserveaconstantdutycycle,anequalizingpairof
pulses, having the same characteristics as the identification pulse pairs, shall be
transmitted 100 microseconds plus or minus l0 microseconds after each
identity pair.

7.2.6.2.3 DME/P. Reply pulses shall be transmitted between key down times.

7 .2.6.2.4 For the DME/P transponder, reply pulse pairs to valid FA mode interrogations
shall also be transmitted during key down times and have priority over
identification pulse pairs.

7 .2.6.2.5 The DME/P transponder shall not employ the equalizing pair of pulses of
7.2.6.2.2.

7.2.6.3 The characteristics of the "independent" identification signal shall be as

follows:

a) the identity signal shall consist of the transmission of the beacon code in the
form of dots and dashes (lnternational Morse Code) of identity pulses at
least once every 40 seconds, at a rate of at least 6 words per minute; and

b) the identification code characteristic and letter rate for the DME
transponder shall conform to the following to ensure that the maximum total
key down time does not exceed 5 seconds per identification code group.
The dots shall be a time duration of 0.1 second to 0.160 second. The dashes
shall be typically 3 times the duration of the dots.

The duration between dots or dashes shall be equal to that of one dot plus or minus I 0 per
cent. The time duration between letters or numerals shall not be less than three dots. The
total period for transmission of an identification code group shall not exceed 10 seconds.

7.2.6.4 The characteristics of the "associated" signal shall be as follows:

a) when associated with a VHF or an MLS angle facility, the identification
shall be transmitted in the form of dots and dashes (lnternational Morse
Code) as in 7.2.6.3 and shall be synchronized with the VHF facility
identification code:
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b) each 40-second interval shall be divided into four or more equal periods,
with the transponder identification transmitted during one period only and
the associated VHF and MLS angle facility identification, where these are
provided, transmitted during the remaining periods;

c) for a DME transponder associated with an MLS, the identification shall be
the last three letters of the MLS angle facility identification.

7.2.6.5 ldentification implementation

7 .2.6.5.LThe "independent" identification code shall be employed wherever a
transponder is not specifically associated with a VHF navigational facility or an
MLS facility.

7.2.6.5.2Wherever a transponder is specifically associated with a VHF navigational
facility or an MLS facility, identification shall be provided by the "associated"
code.

7.2.6.5.3When voice communications are being radiated on an associated VHF
navigational facility, an "associated" signal from the transponder shall not be
suppressed.

7.2.7 DME/P mode transition

7.2.7.1 The DME/P interrogator for standard I accuracy shall change from IA mode
track to FA mode track at 13 km (7 NM) from the transponder when
approaching the transponder, or any other situation when within l3 km (7 NM)

7.2.7.2 For standard 1 accuracy, the transition from IA mode to FA mode track
operation may be initiated within 14.8 m (8 NM) from the transponder. Outside
14.8 km (8 NM), the interrogator shall not interrogate in the FA mode.

7 .2.8 System efficiency. The DME/P system accuracy of 1 .2.1.4 shall be achieved with
a system efficiency of 50 per cent or more.

7 .3 Detailed technical characteristics of transponder and associated monitor

7 .3.1 Transmitter

7.3.1.1 Frequency of operation. The transponder shall transmit on the reply frequency
appropriate to the assigned DME channel (see 7 .2.3).

7.3.1.2 Frequency stability. The radio frequency of operation shall not vary more than
plus or minus 0.002 per cent from the assigned frequency.

7.3.1.3 Pulse shape and spectrum. The following shall apply to all radiated pulses:

a) Pulse rise time.

l) DME|N. Pulse rise time shall not exceed 3 microseconds.

2) DME/P. Pulse rise time shall not exceed 1.6 microseconds. For the FA mode,
the pulse shall have a partial rise time of 0.25 plus or minus 0.05 microsecond.
With respect to the FA mode and accuracy standard l, the slope of the pulse in
the partial rise time shall not vary by more than plus or minus 20 per cent. For
accuracy standard 2, the slope shall not vary by more than plus or minus l0 per
cent.

b) Pulse duration shall be 3.5 microseconds plus or minus 0.5 microsecond.
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c) Pulse decay time shall nominally be 2.5 microseconds but shall nol exceed
3.5 microseconds.

d) The 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 pulse.

e) For DME/N and DME/P: the spectrum of the pulse 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 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 2MHz above and 2 MHz below the
nominal channel frequency in each case shall not exceed 2 mW. The EIRP
contained within any 0.5 MHz band shall decrease monotonically as the
band centre frequency moves away from the nominal channel frequency.

O To ensure proper operation of the thresholding 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. Initiation of the turn-on process shall not commence sooner than
I microsecond prior to the virtual origin.

7.3.1.4 Pulse spacing

7.3.1 .4.1 The spacing of the constituent pulses of transmitted pulse pairs shall be as

given in the table in'l .3.4.1 .

7.3.1 .4.2 DME/N. The tolerance on the pulse spacing shall be plus or minus 0.25
microsecond.

7.3.1 .4.3 DME/N. The tolerance on the DME/N pulse spacing shall be plus or minus
0.10 microsecond.

7.3.1 .4.4 DMEIP. The tolerance on the pulse spacing shall be plus or minus 0.10
microsecond.

7.3.1 .4.5 The pulse spacings shall be measured between the half voltage points on the
leading edges of the pulses.

7.3.1.5 Peak power output

7.3.1 .5.1 DME/N. The peak EIRP shall not be less than that required to ensure a peak
pulse power density of approximately minus 83 dBW/m2 at the maximum
specified service range and level.

7 .3.1 .5.2 DME/N. The peak equivalent isotropically radiated power shall not be less than
that required to ensure a peak pulse power density of minus 89 dBW/m2 under
all operational weather conditions at any point within coverage specified in
7.2.1.2.

7.3.1.5.3 DME/P. The peak equivalent isotropically radiated power shall not be less than
that required to ensure the following peak pulse power densities under all
operational weather conditions:

a) minus 89 dBW/m2 at any point within the coverage specified in 7 .2.1 .2 at

ranges greater than l3 km (7 NM) from the transponder antenna;
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b) minus 75 dBW/m2 at any point within the coverage specified in 7 .2.1.2 al
ranges less than l3 km (7 NM) from the transponder antenna;

c) minus 70 dBW/m2 at the MLS approach reference datum;

d) minus 79 dBWm2 at 2.5 m (8 ft) above the runway surface, at the MLS
datum point, or at the farthest point on the runway centre line which is in
line of sight of the DME transponder antenna.

The peak power of the constituent pulses of any pair of pulses shall not differ
by more than I dB.

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

The transmitter shall operate at a transmission rate, including randomly
distributed pulse pairs and distance reply pulse pairs, of not less than 700 pulse
pairs per second except during identity. The minimum transmission rate shall
be as close as practicable to 700 pulse pairs per second. For DME/P, in no case

shall it exceed I 200 pulse pairs per second.

Spurious radiation. During intervals between transmission of individual
pulses, the spurious power received and measured in a receiver having the
same characteristics as a transponder receiver, but tuned to any DME
interrogation or reply frequency, shall be 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. This provision
refers to all spurious transmissions, including modulator and electrical
interference.

DME|N. The spurious power level specified in 7.3.1.6 shall be more than 80
dB below the peak pulse power level.

DME/P. The spurious power level specified in 7.3.1.6 shall be more than 80
dB below the peak pulse power level.

Out-of-band spurious radiation. At all frequencies from 10 to I 800 MHz, but
excluding the band of frequencies from 960 to I 215 MHz, the spurious output
of the DME transponder transmitter shall not exceed minus 40 dBm in any one
kHz of receiver bandwidth.

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

Receiver

Frequency of operation. The receiver centre frequency shall be the
interrogation frequency appropriate to the assigned DME operating channel
(see 7.2.3).

Frequency stability. The centre frequency of the receiver shall not vary more
than plus or minus 0.002 percent from the assigned frequency.

Trans p o nde r s e ns it i v i ty

In the absence of all interrogation pulse pairs, with the exception of those
necessary to perform the sensitivity measurement, interrogation pulse pairs
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with the correct spacing and nominal frequency shall trigger the transponder if
the peak power density at the transponder antenna is at least:

a) minus 103 dBWm2 for DME/i{ with coverage range greater than 56 km
(30 NM);

b) minus 93 dBWm2 for DME/i{ with coverage range not greater than 56 km
(30 NM);

c) minus 86 dBWm2 for DME/P IA mode;

d) minus 75 dBW/m2 for DME/P FA mode.

7 .3 .2.3 .2"lhe minimum power densities specified in 'l .3 .2.3 .l shall cause the transponder
to reply with an efficiency ofat least:

a) 70 per cent for DME/N;

b) 70 per cent for DME/P IA mode;

c) 80 per cent for DME/P FA mode.

7 .3 .2.3 .3 DME/N dynamic range . 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 7.3.2.3.1 up to a maximum of
minus 22 dBW/m2 when installed with ILS or MLS and minus 35 dBW/m2
when installed for other applications.

7 .3 .2.3 .4 DMEIP dynamic range. 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 7 .3.2.3.1 up to a maximum of
minus 22 dBW/m2.

7.3.2.3.5The transponder sensitivity level shall not vary by more than 1 dB for
transponder loadings between 0 and 90 per cent of its maximum transmission
rate.

7 .3.2.3.6DME|N. When the spacing of an interrogator pulse pair varies from the nominal
value by up to plus or minus I microsecond, the receiver sensitivity shall not be
reduced by more than I dB.

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

7.3.2.4 Load limiting
'l .3.2.4.1DM8/N. When transponder loading exceeds 90 per cent of the maximum

transmission rate, the receiver sensitivity shall be automatically reduced in order
to limit the transponder replies, so as to ensure that the maximum permissible
transmission rate is not exceeded. (The available range of sensitivity reduction
shall be at least 50 dB.)

7.3.2.4.2DME/P. To prevent transponder overloading the transponder shall automatically
limit its replies, so as to ensure that the maximum transmission rate is not
exceeded. If the receiver sensitivity reduction is implemented to meet this
requirement, it shall be applied to the IA mode only and shall not affect the FA
mode.

7.3.2.5 Noise. When the receiver is interrogated at the power densities specified in
'l .3.2.3.1 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.
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7.3.2.6 Bandwidrh

7.3.2.6.1The minimum permissible bandwidth of the receiver shall be such that the
transponder sensitivity level shall 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.

7.3.2.6.2DME/N. The receiver bandwidth shall be sufficient to allow compliance with
7 .4. I .3 when the input signals are those specified in 7 .4 .l .3

1.3.2.6.3DME/P - IA mode. The receiver bandwidth shall be sufficient to allow
compliance with 7.4. I .3 when the input signals are those specified in 7.4. I .3 The
12 dB bandwidth shall not exceed 2MHz and the 60 dB bandwidth shall not
exceed l0 MHz.

'7.3.2.6.4DME1P - FA mode. The receiver bandwidth shall be sufficient to allow
compliance with 7.4.1.3when the input signals are those specified in 7.4.1.3. The
12 dB bandwidth shall not exceed 6 MHz and the 60 dB bandwidth shall not
exceed 20 MHz.

7.3.2.6.5Signals greater than 900 kHz removed from the desired channel nominal
frequency and having power densities up to the values specified in7.3.2.3.3 for
DME/N and 7.3.2.3.4 for DME/P shall not trigger the transponder. Signals
arriving at the intermediate frequency shall be suppressed at least 80 dB. All
other spurious response or signals within the 960 MHz to I 215 MHz band and
image frequencies shall be suppressed at least 75 dB.

7 .3.2.7 Recovery time . Within 8 microseconds of the reception of a signal between 0 dB
and 60 dB above minimum sensitivity level, the minimum sensitivity level of
the transponder to a desired signal shall be within 3 dB of the value obtained in
the absence of signals. This requirement shall be met with echo suppression
circuits, if any, rendered inoperative. The 8 microseconds are to be measured
between the half voltage points on the leading edges of the two signals, both of
which conform in shape, with the specifications in 7 .4.1 .3.

7.3.2.8 Spurious radiations. Radiation from any part of the receiver or allied circuits
shall meet the requirements stated in'7.3.1.6.

7.3.2.9 CW and echo suppression

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

7.3.2.10 Protection against interjerence

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

7 .3.3 Decoding

7 .3.3.1 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 7 .4 .l .3 and 7 .4 .l .4.

7.3.3.2 The decoding circuit performance shall not be affected by signals arriving
before, between, or after, the constituent pulses ofa pair ofthe correct spacing.

7.3.3.3 DME/N - Decoder rejection. An interrogation pulse pair with a spacing of plus
or minus 2 microseconds, or more, from the nominal value and with any signal
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level up to the value specified in 7.3.2.3.3 shall be rejected such that the
transmission rate does not exceed the value obtained when interrogations are

absent.

7.3.3.4 DMEIP - Decoder rejection. An interrogation pulse pair with a spacing of plus
or minus 2 microseconds, or more, from the nominal value and with any signal
level up to the value specified in 7.3.2.3.4 shall be rejected such that the
transmission rate does not exceed the value obtained when interrogations are

absent.

7.3.4 Time delay

7.3.4.1 When a DME is associated only with a VHF facility, the time delay shall be the
interval from the half voltage point on the leading edge of the second constituent
pulse of the interrogation pair and the half voltage point on the leading edge of
the second constituent pulse of the reply transmission. This delay shall be
consistent with the following table, when it is desired that aircraft interrogators
are to indicate distance from the transponder site.

Table 7- I : Time delay

rutse Pat
spacing (ps)

Opemtingmode Intarrogation Reply

DMEN
DIUE/PIA M
DME/PFAM

DME/N
DME/PIA M
DIUED TA M

t2
t2
l8

t2
l2
l2

Time delay (ps)

lst pulse 2nd ptlse
timing timing
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50

56
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56
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50

56
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30

30

30

24

24
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30

Y

v/

36
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42

DMEAI
DME/P IA M
DME"/PFAM

DME/N
DME/P tA M 2I 15

DME/P FA M 27 15

W and X are multiplexed on the same frequency

Z and Y are multiplexed on the same frequency.

7.3.4.2 When a DME is associated with an MLS angle facility, the time delay shall be

the interval from the half voltage point on the leading edge of the first
constituent pulse of the interrogation pair and the half voltage point on the
leading edge of the first constituent pulse of the reply transmission. This delay

z

a)

b)
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shall be 50 microseconds for mode X channels and 56 microseconds for mode Y
channels, when it is desired that aircraft interrogators are to indicate distance
from the transponder site.

7.3.4.2.lFor DME/P transponders, no time delay adjustment shall be permitted.

7.3.4.3 For the DME/N the transponder time delay shall be capable of being set to an
appropriate value between the nominal value of the time delay minus 15

microseconds and the nominal value of the time delay, to permit aircraft
interrogators to indicate zero distance at a specific point remote from the
transponder site.

7.3.4.3.1 DME/N. The time delay shall be the interval from the half voltage point on the
leading edge of the first constituent pulse of the interrogation pair and the half
voltage point on the leading edge of the first constituent pulse of the reply
transmission.

7.3.4.3.2DME/P - IAmode.The timedelayshallbetheintervalfromthehalf voltage
point on the leading edge of the first constituent pulse of the interrogation pulse
pair to the half voltage point on the leading edge of the first constituent pulse of
the reply pulse pair.

7.3.4.3.3DME/P - FA mode.The time delay shall be the interval from the virtual origin
of the first constituent pulse of the interrogation pulse pair to the virtual origin of
the first constituent pulse of the reply pulse pair. The time of arrival
measurement points shall be within the partial rise time of the first constituent
pulse ofthe pulse pair in each case.

7.3.4.4 DMEIN. Transponders shall be sited as near to the point at which zero indication
is required as is practicable.

7 .3.5 Accuracy

7.3.5.1 DMEIN. The transponder shall not contribute more than plus or minus I
microsecond (150 m (500 f0) to the overall system error.

7 .3 .5.1 .l DMEIN The contribution to the total system error due to the combination of the
transponder errors, transponder location coordinate errors, propagation effects
and random pulse interference effects shall be not greater than plus or minus 340
m (0.183 NM) plus 1.25 per cent of distance measure.

7.3.5.1 .2DME/N. The combination of the transponder errors, transponder location
coordinate errors, propagation effects and random pulse interference effects
shall not contribute more than plus or minus 185 m (0.1 NM) to the overall
system erTor.

7.3.5.2 DMEIN.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 error.

7.3.5.3 DME/P - FA mode

7.3.5.3.lAccuracy standard 1. The transponder shall not contribute more than plus or
minus l0 m (plus or minus 33 ft) PFE and plus or minus 8 m (plus or minus 26
ft) CMN to the overall system error.

7.3.5.3.2Accuracy standard 2. The transponder shall not contribute more than plus or
minus 5 m (plus or minus 16 f0 PFE and plus or minus 5 m (plus or minus l6 ft)
CMN to the overall system error.
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7.3.5.4 DME/P - IA mode. The transponder shall not contribute more than plus or
minus 15 m (plus or minus 50 f0 PFE and plus or minus 10 m (plus or minus 33
f0 CMN to the overall system error.

'l .3.6 Eficiency

7.3.6.1 The transponder reply efficiency shall be at least 70 per cent for DME/N and
DME/P (IA mode) and 80 per cent for DME/P (FA mode) at all values of
transponder loading up to the loading corresponding to 7.2.5 and at the
minimum sensitivity level specified in'l .3.2.3.1 and7.3.2.3.5.

7.3.6.2 Transponder dead time. The transponder shall be rendered inoperative for a

period normally not to exceed 60 microseconds after a valid interrogation
decode has occurred. In extreme cases when the geographical site of the
transponder is such as to produce undesirable reflection problems, the dead time
may be increased but only by the minimum amount necessary to allow the
suppression of echoes for DMEA.{ and DME/P IA mode.

7.3.6.2.1f,xr?y"rt the IA mode dead time shall not blank the FA mode channel and vice

'l .3.7 Monitoring and control

7.3.7.1 Means shall be provided at each transponder site for the automatic monitoring
and control of the transponder in use.

7.3.7.2 DME/N monitoring action

7.3.7.2.lln the event that any of the conditions specified in7.3.7.2.2 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 transponder shall be automatically switched off; and

c) the standby transponder, if provided, shall be automatically placed in
operation.

7 .3 .7 .2.2The monitor shall cause the actions specified in 7 .3.7 .2.1 if:

a) the transponder delay differs from the assigned value by 1 microsecond
(150 m (500 f0) or more; tb) in the case of a DME/N associated with a

landing aid, the transponder delay differs from the assigned value by 0.5
microsecond (75 m (250 ft)) or more.

7 .3.7 .2.3The monitor shall cause the actions specified in 7 .3.7 .2.1 if the spacing between
the first and second pulse of the transponder pulse pair differs from the nominal
value specified in the table following 1 .3.4.1 by I microsecond or more..

7.3.7.2.4The monitor shall also cause a suitable indication to be given at a control point if
any of the following conditions arise:

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

b) a fall of 6 dB or more in the minimum transponder receiver sensitivity
(provided that this is not due to the action of the receiver automatic gain
reduction circuits);
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c) the spacing between the first and second pulse of the transponder reply
pulse pair differs from the normal value specified in 7.3 . I .4 by I
microsecond or more;

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

7.3.7.2.5Means shall be provided so that any of the conditions and malfunctioning
enumerated in 7 .3 .7 .2.2,7 .3 .7 .2.3 and 7 .3 .7 .2.4 which are monitored can persist
for a certain period before the monitor takes action. This period shall be as low
as practicable, but shall not exceed 10 seconds, consistent with the need for
avoiding interruption, due to transient effects, of the service provided by the
transponder.

7 .3 .7 .2.6The transponder shall not be triggered more than I 20 times per second for either
monitoring or automatic frequency control purposes, or both.

7.3.7.3 DMEIP monitoring action

'l .3.7 .3 .lThe monitor system shall cause the transponder radiation to cease and provide a
warning at a control point if any of the following conditions persist for longer
than the period specified:

a) there is a change in transponder PFE that exceeds the limits specified in
either 7.3.5.3 or7.3.5.4 for more than one second. If the FA mode limit is
exceeded, but the IA mode limit is maintained, the IA mode may remain
operative:

b) there is a reduction in the EIRP to less than that necessary to satisfy the
requirements specified in 7.3.1.5.3 for a period of more than one second;

c) there is a reduction of 3 dB or more in the transponder sensitivity necessary
to satisfy the requirements specified in'l .3.2.3 for a period of more than five
seconds in FA mode and ten seconds in IA mode (provided that this is not
due to the action of the receiver automatic sensitivity reduction circuits);

d) the spacing between the first and second pulse of the transponder reply
pulse pair differs from the value specified in the table in7.3.4.1 by 0.25
microsecond or more for a period of more than one second.

7.3.7.3.2The monitor shall cause a suitable indication to be given at a control point if
there is an increase above 0.3 microseconds or a decrease below 0.2
microseconds of the reply pulse partial rise time which persists for more than
one second.

7.3.7.3.3The period during which erroneous guidance information is radiated shall not
exceed the periods specified in7.3.7.3.1. Attempts to clear a fault by resetting
the primary ground equipment or by switching to standby ground equipment, if
fitted, shall be completed within this time. If the fault is not cleared within the
time allowed, the radiation shall cease. After shutdown, no attempt shall be
made to restore service until a period of 20 seconds has elapsed.

'7.3.7.3.4The transponder shall not be triggered for monitoring purposes more than 120

times per second in the IA mode and 150 times per second in the FA mode.
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7.3.7.3.5 DME|N and DME/P monitorfailure. Failure of any part of the monitor itself
shall automatically produce the same results as the malfunctioning of the
element being monitored.

7.4 Technicalcharacteristicsofinterrogator

7 .4.1 Transmitter

7.4.1.1 Frequency of operation. The interrogator shall transmit on the interrogation
frequency appropriate to the assigned DME channel (see7.2.3).

7.4.1.2 Frequency stability. The radio frequency of operation shall not vary more than
plus or minus 100 kHz from the assigned value.

7.4.1.3 Pulse shape and spectum. The following shall apply to all radiated pulses:

a) Pulse rise time.

l) DMEIN. Pulse rise time shall not exceed 3 microseconds.

2) DME/P. Pulse rise time shall not exceed 1.6 microseconds. For the FA
mode, the pulse shall have a partial rise time of 0.25 plus or minus 0.05
microsecond. With respect to the FA mode and accuracy standard l, the
slope of the pulse in the partial rise time shall not vary by more than plus
or minus 20 per cent. For accuracy standard 2 the slope shall not vary by
more than plus or minus l0 per cent.

b) Pulse duration shall be 3.5 microseconds plus or minus 0.5 microsecond.

c) Pulse decay time shall nominally be 2.5 microseconds, but shall not exceed
3.5 microseconds.

d) The 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 pulse.

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

f) To ensure proper operation of the thresholding 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. Initiation of the turn-on process shall not commence sooner than
I microsecond prior to the virtual origin.

7 .4.1.4 Pulse spacing

7.4.1.4.1 The spacing of the constituent pulses of transmitted pulse pairs shall be as

given in the table in 7 .3 .4.1

7.4.1 .4.2 DMEIN. The tolerance on the pulse spacing shall be plus or minus 0.5
microsecond.

7.4.1 .4.3 DMEIN. The tolerance on the pulse spacing shall be plus or minus 0.25
microsecond.
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7.4.1 .4.4 DMEIP. The tolerance on the pulse spacing shall be plus or minus 0.25
microsecond.

'l .4.1 .4.5 The pulse spacing shall be measured between the half voltage points on the
leading edges of the pulses.

7 .4.1.5 Pulse repetition frequency

7 .4.1 .5 .l The pulse repetition frequency shall be as specified in 7 .2 .4

7.4.1.5.2 The variation in time between successive pairs of interrogation pulses shall be
sufficient to prevent false lock-on.

7.4.1 .5.3 DME/P. In order to achieve the system accuracy specified in 7.2.1.4, the
variation in time between successive pairs of interrogation pulses shall be
sufficiently random to decorrelate high frequency multipath errors.

7.4.1.6 Spurious radiatiotr. 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 50 dB below the peak
pulse power received and measured in the same receiver tuned to the
interrogation frequency in use during the transmission of the required pulses.
This provision 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).

7.4.1.7 The spurious pulse power received and measured under the conditions stated in
'7 .4.1 .6 above shall be 80 dB below the required peak pulse power received.

7.4.1.8 DMEIP. The peak EIRP shall not be less than that required to ensure the power
densities in 7 .3 .2 .3 .l under all operational weather conditions.

Time delay

The time delay shall be consistent with the table in 7.3.4.1

7.4.2.3

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

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

DME/P - IA ntode. The time delay shall be the interval between the time of the
half voltage point on the leading edge of the first constituent interrogation pulse
and the time at which the distance circuits reach the condition corresponding to
zero distance indication.

7.4.2.5 DME/P - FA mode. The time delay shall be the interval between the virtual
origin of the leading edge of the first constituent interrogation pulse and the time
at which the distance circuits reach the condition corresponding to zero distance
indication. The time of arrival shall be measured within the partial rise time of
the pulse.

7.4.2

7.4.2.1

7.4.2.2

7.4.2.4
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Receiver

Frequency of operution. The receiver centre frequency shall be the transponder
frequency appropriate to the assigned DME operating channel (see'7.2.3.3).

Receiver sensitiviry

DME/N. The airborne equipment sensitivity shall be sufficient to acquire and
provide distance information to the accuracy specified in 7.4.4 for the signal
power density specified in 7 .3 .l .5 .2.

DME/P. The airborne equipment sensitivity shall be sufficient to acquire and
provide distance information to the accuracy specified in 7.4.4.2 and 7.4.4.3
for the signal power densities specified in 7.3.1.5.3.

DME/N. 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 7.3.1.5 and a maximum of minusl8 dBW/m2.

DME/P. 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 7.3.1.5 and a maximum of minus l8 dBW/m2.

Bandwidth

DMEIN. The receiver bandwidth shall be sufficient to allow compliance with
7.2.1.3, when the input signals are those specified in 7.3.1.3

DME|P - IA mode. The receiver bandwidth shall be sufficient to allow
compliance with 7.2.1.3 when the input signals are those specified in 7.3.1.3.
The l2-dB bandwidth shall not exceed 2 MHz and the 60-dB bandwidth shall
not exceed l0 MHz.

DME/P - FA ntode. The receiver bandwidth shall be sufficient to allow
compliance with 7.2.1.3 when the input signals are those specified 7.4.1.3. The
l2-dB bandwidth shall not exceed 6 MHz and the 60-dB bandwidth shall not
exceed 20 MHz.

Interfe re nce r ejec t ion

When 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.

DME/N. DME signals greater than 900 kHz removed from the desired channel
nominal frequency and having amplitudes up to 42 dB above the threshold
sensitivity shall be rejected.

DME|P. DME signals greater than 900 kHz removed from the desired channel
nominal frequency and having amplitudes up to 42 dB above the threshold
sensitivity shall be rejected.

Decoding

The interrogator shall include a decoding circuit such that the receiver can be

triggered only by pairs of received pulses having pulse duration and pulse
spacings appropriate to transponder signals as described in7 .3.1 .4

7.4.3

7.4.3.t

7 .4.3.2

7.4.3.2.t

7.4.3.2.2

7 .4.3.2.3

7.4.3.2.4

7 .4.3.3

7 .4.3.3.t

7.4.3.3.2

7.4.3.3.3

7.4.3.4

'7.4.3.4.1

7.4.3.4.2

7.4.3.4.3

7.4.3.5

'7.4.3.5.t
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DME|N - Decoder rejection. A reply pulse pair with a spacing of plus or
minus 2 microseconds, or more, from the nominal value and with any signal
level up to 42 dB above the receiver sensitivity shall be rejected.

DME/P - Decoder rejecrion. A reply pulse pair with a spacing of plus or
minus 2 microseconds, or more, from the nominal value and with any signal
level up to 42 dB above the receiver sensitivity shall be rejected.

Accuracy

DME|N. The interrogator shall not contribute more than plus or minus 315 m
(plus or minus 0.17 NM) or 0.25 per cent of indicated range, whichever is
greater, to the overall system error.

7.4.4.2 DME|P - IA mode. The interrogator shall not contribute more than plus or
minus 30 m (plus or minus 100 ft) to the overall system PFE and not more than
plus or minus 15 m (plus or minus 50 ft) to the overall system CMN.

7.4.4.3

7.4.4.3.1

DME/P - FA mode

Accuracy standard 1. The interrogator shall not contribute more than plus or
minus 15 m (plus or minus 50 ft) to the overall system PFE and not more than
plus or minus l0 m (plus or minus 33 ft) to the overall system CMN.

'l .4.4.3.2 Accuracy standard 2. The interrogator shall not contribute more than plus or
minus 7 m (plus or minus 23 ft) to the overall system PFE and not more than
plus or minus 7 m (plus or minus 23 ft) to the overall system CMN.

7.4.4.4 DME|P. The interrogator shall achieve the accuracy specified in7.2.1.4 with a

system efficiency of 50 percent or more.

t
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EIGHTH SCHEDULE

8.0 Specification for en-route VHF marker beacons 175 MHz)- (regulation 44)

8.1 Equipment

8.1.1 Frequencies. The emissions of an en-route VHF marker beacon shall have a

radio frequency of 75 MHz plus or minus 0.005 per cent.

8.1.2

8.1.2.1

8.1.2.2

8.t.2.3

8.1.2.4

C haracte ri stics of emis sions

.l 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. The total harmonic
content of the modulation shall not exceed 15 per cent.

The frequency of the modulating tone shall be 3 000 Hz plus or minus 75 Hz.

The radiation shall be horizontally polarized.

Identification.If a coded identification is required at a radio marker beacon, the
modulating tone shall be keyed so as to transmit dots or dashes or both in an

appropriate sequence. The mode of keying shall be such as to provide a dot-and-
dash duration together with spacing intervals corresponding to transmission at a
rate equivalent to approximately six to ten words per minute. The carrier shall
not be intenupted during identification.

8.1.2.5 Determination of coverage. The limits of coverage of marker beacons shall be
determined on the basis of the field strength specified in 4.2.3 .

8.1.2.6 Radiation pattern.

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

8.l.3 Monitoring.

For each marker beacon, suitable monitoring equipment shall be provided which will
show at an appropriate location:

a) a decrease in radiated carrier power below 50 per cent ofnormal;

b) a decrease of modulation depth below 70 per cent;

c) a failure of keying.
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NINTH SCHEDULE

9.0 Requirements for the Global Navigation Satellite System (GNSS)- (regulations 45,
48,49 and 50)

9.1 Table 9-l Signal in space performance requirements
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NOTES._
l. The 95th percentile values for GNSS position errors are those required for the
intended operation at the lowest height above threshold (HAT), if applicable.

2.The definition of the integrity requirement includes an alert limit against which the
requirement can be assessed. For Category I precision approach, a vertical alert limit
(VAL) greater than l0 m for a specific system design may only be used iJ a systetn-
specific safety analysis has been completed. These alert limits are:
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3. The accuracy and time-to-alert requirements include the nominal performance of a

fault-free receiver.

4 . Ranges of values are given for the continuity requirement for en-route , terminal, initial
approach, NPA and departure operalions, as this requirement is dependent upon several

factors including the intended operation, taffic density, complexity of airspace and
availability of alternative navigation aids. The lower value given is the ntinimum
requirementfor areas with low tffic density and airspace complexity.The higher value
given is appropriate for areas with high trffic density and airspace complexity.
Continuiry requirements for APV and Category I operations apply to the average risk
(over time) of loss of service, normalized to a lS-second exposure time.

5. A range of values is givenfor the availability requirements as these requirements are
dependent upon the operational need which is based upon several factors including the

trequency of operations, weather environments, the size and duration of the outages,

availability of altennte navigation aids, radar coveroge, trffic density and reversionary
operational procedures. The lower values given are the minimum availabilities for which
a system is considered to be practical but are not adequate to replace non-GNSS

navigation aids. For en-route navigation, the higher values given are adequate for GNSS
to be the only navigation aid provided in an area. For approach and departure, the

higher values given are based upon the availability requirements at airports with a large
amount of traffic assuming that operations to or from multiple runways are affected but
reversionary operational procedures ensure the safety of the operation.

6. A range of values is specifiedfor Category I precision approach.The 4.0 m (13 feet)
requirement is based upon ILS specifications and represents a conservative derivation

from these specifications.
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7. GNSS performance requirements for Category II and III precision approach
operations are under review and will be included at a later date.

8. The terms APV-I and APV-il refer to two levels of GNSS approach and landing
operations with vertical guidance (APV) and these terms are not necessarily intended to
be used operationally.

9.2 GNSS elements specifications

9.2.1 GPS Standard Positioning Service (SPS) (Ll)

9.2.1.1 Space and control segment accuracy

9.2.l.l.lPositioning accuracy. The GPS SPS position errors shall not exceed the
following limits:

9.2.1.1.2 Time transfer accuracy. The GPS SPS time transfer errors shall not exceed 40
nanoseconds 95 per cent of the time.

9.2.1.1.3 Range domain accuracy. The range domain error shall not exceed the
following limits:

a) range error of any satellite - 30 m (100 f0 with reliability specified in9.2.1 .3;

b) 95th percentile range rate error of any satellite - 0.006 m (0O02 ft) per second
(global average);

c) 95th percentile range acceleration error of any satellite - 0.002 m (0.006 ft) per
second-squared (global average) and

d) 95th percentile range error for any satellites over all time differences between

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

9.2.1.2 Availability.The GPS SPS availability shall be as follows:

>99 per cent horizontal service availability, average location (17 m 95 per cent threshold)
>99 per cent vertical service availability, average location (37 m 95 per cent threshold)
>90 per cent horizontal service availability, worst-case location (17 m 95 per cent
threshold) >90 per cent vertical service availability, worst-case location (37 m 95 per cent
threshold)

Global average
957o of
the time

Worst site
95Vo of
the time

Horizontal position error 9 m (30ft) 17 m (56ft)

Vertical position error 15 m (49ft) 37 m (l2lft)
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9.2.1.3 Reliability. The GPS SPS reliability shall be within the following limits:
a) reliability - at least 99.94 per cent (global average); and

b) reliability - at least 99.19 per cent (worst single point average).

9.2.1.4

9.2.t .5

9.2.1.6

9.2.1.7

9.2.r.7 .l

9.2.t.9

9.2.t.t0

Carrier frequency. Each GPS satellite shall broadcast an SPS signal at the
carrier frequency of 1575.42 MHz (GPS Ll) using code division multiple
access (CDMA).

9.2.1 .7.2 Signal spectrun. The GPS SPS signal power shalt be contained within a tl2
MHz band (1563.42 - 158'1 .42 MHz) centred on the Ll frequency.

9.2.1 .7.3 Polarization. The transmitted RF signal shall be right-hand (clockwise)
circularly polarized.

9.2.1 .'l .4 Signal power level. Each GPS satellite shall broadcast SPS navigation signals
with sufficient power such that, at all unobstructed locations near the ground
from which the satellite is observed at an elevation angle of 5 degrees or
higher, the level of the received RF signal at the antenna port of a 3 dBi
linearly-polarized antenna is within the range of -158.5 dBW to -153 dBW for
all antenna orientations orthogonal to the direction of propagation.

9.2.1.7.5 Modulation. The SPS Ll signal shall be bipolar phase shift key (BPSK)
modulated with a pseudo random noise (PRN) 1.023 MHz coarse/acquisition
(C/A) code. The C/A code sequence shall be repeated each millisecond. The
transmitted PRN code sequence shall be the Modulo-2 addition of 50 bits per

second navigation message and the C/A code.

9.2.1.8 GPS time. GPS time shall be referenced to UTC (as maintained by the U.S
Naval Observatory).

Probability of major service failure. 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 satellite without an alert received at

the user receiver antenna within l0 seconds shall not exceed I x 10-5per hour.

Continuity. The probability of losing GPS SPS signal-in-space (SIS)
availability from a slot of the nominal 24-slot constellation due to unscheduled
intemrption shall not exceed 2x10{ per hour.

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

Radi o fr e que ncy ( RF ) c harac t e r i s t ic s

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

Navigation information. The navigation data transmitted by the satellites shall
include the necessary information to determine:
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9.2.2

a) satellite time of transmission;

b) satellite position;

c) satellite health;

d) satellite clock correction;

e) propagation delay effects;

f) time transfer to UTC; and

g) constellation status.

GLONASS Channel oJ Standard Accuracy (CSA) (Ll )

9.2.2.1 Space and control segment accuracy

9.2.2.l.lPositioning accuracy. The GLONASS CSA position errors shall not exceed the
following limits:

9.2.2.1.2 Time tansfer accuracy. The GLONASS CSA time transfer errors shall not
exceed 700 nanoseconds 95 per cent ofthe time.

9.2.2.1 .3 Range domain accuracy. The range domain error shall not exceed the
following limits:

a) range error of any satellite - I 8 m (59 .7 tt);

b) range rate error of any satellite - 0.02 m (0.07 ft) per second;

c) range acceleration error of any satellite - 0.007 m (0.023 ft) per second

squared;

d) root-mean-square range error over all satellites - 6 m (19.9 ft).

9.2.2.2 Availability.The GLONASS CSA availability shall be as follows:

a) >99 per cent horizontal service availability, average location (12 m,95 per
cent threshold);

b) >99 per cent vertical service availability, average location (25 m, 95 per cent
threshold);

c) >90 per cent horizontal service availability, worst-case location (12 m,95 per

cent threshold);

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

9.2.2.3 Reliability. The GLONASS CSA reliability shall be within the following limits:

Global average
957a of the time

Worst site
957o of the time

Horizontal position error 5 m (17 ft) 12 m (40 ft)
Vertical position error 9 m (29 ft) 25 m(97 ft)
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a) frequency of a major service failure - not more than three per year for the
constellation (global average); and

b) reliability - at least 99.1 per cent (global average).

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

Coordinate system. The GLONASS coordinate system shall bePZ-90

Navigation information. The navigation data transmitted by the satellite shall
include the necessary information to determine:

a) satellite time of transmission;

b) satellite position;

9.2.2.s

9.2.2.5.1

RF characteristics

Carrier frequency.Each GLONASS satellite shall broadcast CSA navigation
signal at its own carrier frequency in the Ll (1.6 GHz) frequency band using
frequency division multiple access (FDMA).

9.2.2.5.2 Signal spectrum. GLONASS CSA signal power shall be contained within a

+5.75 MHz band centred on each GLONASS carier frequency.

9.2.2.5.3 Polarization. The transmitted RF signal shall be right-hand circularly
polarized.

9.2.2.5.4 Signal power level.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 -155.2 dBW
for all antenna orientations orthogonal to the direction of propagation.

9.2.2.5.5 Modulation
9.2.2.5.5.1 Each GLONASS satellite shall transmit at its carrier frequency the navigation

RF signal using a BPSK modulated binary train. The phase shift keying of
the carrier shall be performed at ,l-radians with the maximum error t0.2
radian. The pseudo-random code sequence shall be repeated each
millisecond.

9.2.2.5.5.2 The modulating navigation signal shall be generated by the Modulo-2
addition of the following three binary signals:
a) ranging code transmitted at 5l I kbits/s;

b) navigation message transmitted at 50 bits/s; and

c) 100 Hz auxiliary meander sequence.

9.2.2.6 GLONASS rine. GLONASS time shall be referenced to UTC (SU) (as

maintained by the National Time Service of Russia).

9.2.2.4

9.2.2.7

9.2.2.8
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c) satellite health;

d) satellite clock correction;

e) time transfer to UTC; and

f) constellation status.

Airc raJt -base d augmentat ion sy stem ( AB AS )

Perjormance. The ABAS function combined with one or more of the other
GNSS elements and both a fault free GNSS receiver and fault-free aircraft
system used for the ABAS function shall meet the requirements for accuracy,
integrity, continuity and availability as stated in 9.0.

Satellite-based augmentation system ( SBAS)

Performance. SBAS combined with one or more of the other GNSS elements
and a fault-free receiver shall meet the requirements for system accuracy,
integrity, continuity and availability for the intended operation as stated in 9.0.

9.2.4.2 Funclions. SBAS shall perform one or more of the following functions:

(a) ranging: provide an additional pseudo-range signal with an accuracy

indicator from an SBAS satellite;

(b) GNSS satellite status: determine and transmit the GNSS satellite health

status;

(c) basic differential correction: provide GNSS satellite ephemeris and clock
corrections (fast and long-term) to be applied to the pseudo-range

measurements from satellites: and

(d) precise differential correction: determine and transmit the ionospheric
corrections.

9.2.4.2.1 Ranging

9.2.3

9.2.3.t

9.2.4

9.2.4.1

9.2.4.2

9.2.4.2

9.2.4.2

9.2.4.2

9.2.4.2

9.2.4.3

l.l

1.2

1.3

1.4

1.5

Excluding atmospheric effects, the range error for the ranging signal from
SBAS satellites shall not exceed 25 m (82 ft) (95 per cent).

The probability that the range error exceeds 150 m (490 ft) in any hour shall
not exceed 10-5.

The probability of unscheduled outages of the ranging function from an
SBAS satellite in any hour shall not exceed l0-r.

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

The range acceleration error shall not exceed 0.019 m (0.06 ft) per second-
squared.

Service area. The SBAS service area shall be a defined area within an
SBAS coverage area where SBAS meets the requirements of 9.0 and
supports the corresponding approved operations.
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9.2.4.4.1

9.2.4.4.2
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RF characteristics

C arrier lrequency. The carrier frequency shall be I 57 5.42 MHz

Signal spectrum. At least 95 per cent of the broadcast power shall be

contained within a x.lZ MHz band centred on the Ll frequency. The
bandwidth of the signal transmitted by an SBAS satellite shall be atleast2.2
MHz.

9.2.4.4.3 SBAS satellite signal power level

9.2.4.4.3.1 Each SBAS satellite placed in orbit before I January 2014 shall broadcast
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 -l6l
dBW to -153 dBW for all antenna orientations orthogonal to the direction of
propagation.

9.2.4.4.3.2 Each SBAS satellite placed in orbit after 31 December 2013 shall comply
with the following requirements:

a) The satellite shall broadcast navigation signals with sufficient power
such that, at all unobstructed locations near the ground from which the
satellite is observed at or above the minimum elevation angle for which
a trackable GEO signal needs to be provided, the level of the received
RF signal at the antenna port of the antenna specified in tables 9-l and

9-2, is at least -164.0 dBW.

Table 9- I . Interference thresholds for pulsed interference

GPS and SBAS GLONASS
Frequency range I 57 5 .42 MHz t l0 MHz I 592.9525 MHz to I
609.36 MHz
Interference threshold -20 dBW 20 dBW
(Pulse peak power)
Pulse width <125 ps <250 ps

Pulse duty cycle sl%o <lVo

Table 9-2. Minimum antenna gain - GPS, GLONASS and SBAS

Elevation ansle desrees \aiunqursgai! jBa
-7
-5.5
4
_2.5

0
5

l0
15 to 90

Note .- The -5.5 dBic gain at 5 degrees elevation angle is appropriate for an Ll
antenna. A higher gain may be required in the future for GNSS signals in the L5/E5
band.
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(b) Minimum elevation angle.The minimum elevation angle used to determine
GEO coverage shall not be less than 5 degrees for a user near the ground.

(c) The level of a received SBAS RF signal at the antenna port of a 0 dBic
antenna located near the ground shall not exceed -152.5 dBW.

(d) The ellipticity of the broadcast signal shall be no worse than 2 dB for the

angular range of *9.1o from boresight.

9.2.4.4.4 Polarization. The broadcast signal shall be right-hand circularly polarized.

9.2.4.4.5 Modulation. The transmitted sequence shall be the Modulo-2 addition of the

navigation message at a rate of 500 symbols per second and the I 023 bit
pseudo-random noise code. It shall then be BPSK-modulated onto the carrier at

a rate of 1.023 megachips per second.

9.2.4.5 SBAS nerwork time (SNT). The difference between SNT and GPS time shall
not exceed 50 nanoseconds.

9.2.4.6 Navigation information. The navigation data transmitted by the satellites shall
include the necessary information to determine:

a) SBAS satellite time of transmission;

b) SBAS satellite position;

c) corrected satellite time for all satellites;

d) corrected satellite position for all satellites;

e) ionospheric propagation delay effects;

f; user position integrity;

g) time transfer to UTC; and

h) service level status.

9.2.5 Ground-based augmentation system (GBAS) and ground-based regional
augmentation system ( GRAS )

9.2.5.1 Performance. 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 9.0.

9.2.5.2 Functions. GBAS shall perform the following functions:

a) provide locally relevant pseudo-range correctionsl

b) provide GBAS-rElated data;

c) provide final approach segment data when supporting precision approach;

d) provide predicted ranging source availability data; and

e) provide integrity monitoring for GNSS ranging sources.
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Coverage

Modulation. GBAS data shall be transmitted as 3-bit symbols, modulating the
data broadcast carrier by D8PSK, at a rate of l0 500 symbols per second.
Data broadca$ RF rteU strength and polarization

9.2.5.4.4.t GBAS|H

9.2.5.4.4.1.1 A horizontally polarized signal shall be broadcast.

2164

Category I precision approach and approach with vertical guidance. The
GBAS coverage to support each Category I precision approach or approach
with vertical guidance shall be as follows, except where topographical features
dictate and operational requirements permit:

a) laterally, beginning at 140 m (450 f0 each side of the landing threshold
point/fictitious threshold point (LTP/FTP) and projecting out t35 degrees
either side of the final approach path to 28 km (15 NM) and tlO degrees
either side of the final approach path to 37 km (20 NM); and

b) vertically, within the lateral region, up to the greater of 7 degrees or 1.75
promulgated glide path angle (GPA) above the horizontal with an origin at

the glide path interception point (GPIP) 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. This coverage
applies between 30 m (100 ft) and 3 000 m (10 000 ft) height above
threshold (HAT).

9.2.5.3.1.1 For Category I precision approach, the data broadcast as specified in9.2.5.4
shall extend down to 3.7 m(12 ft) above the runway surface.

9.2.5.3.1.2 The data broadcast shall be omni-directional when required to support the
intended applications.

9.2.5.3.2 GBAS positioning service. The GBAS positioning service area shall be that
area where the data broadcast can be received and the positioning service
meets the requirements of 9.0 and supports the corresponding approved
operations.

9.2.5.4

9.2.5.4.1

Data broadcas t c harac ter istic s

Carrier frequency. The data broadcast radio frequencies used shall be
selected from the radio frequencies in the band 108 to ll'1 .975 MHz. The
lowest assignable frequency shall be 108.025 MHz and the highest assignable
frequency shall be I17.950 MHz. The separation between assignable
frequencies (channel spacing) shall be 25kHz.

9.2.5.4.2 Access technique. A time division multiple access (TDMA) technique shall
be used with a fixed frame structure. The data broadcast shall be assigned one
to eight slots.

9.2.5.3

9.2.5.3.1

9.2.5.4.3

9.2.5.4.4
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9.2.5.4.4.1.2

9.2.5.4.4.2

9.2.s.4.4.2.1

9.2.5.4.4.2.2

9.2.5.4.5

The effective radiated power (ERP) shall provide for a horizontally
polarized signal with a minimum field strength of 215 microvolts per
metre (-99 dBW/m2) and a maximum field strength of 0.350 volts per
metre (-35 dBWm2) within the GBAS coverage volume. The field
strength shall be measured as an average over the period of the
synchronization and ambiguity resolution field of the burst. The RF
phase offset between the HPOL and any VPOL components shall be
such that the minimum signal power is achieved for HPOL users
throughout the coverage volume.

GBAS/E

An elliptically polarized signal shall be broadcast whenever practical

When an elliptically polarized signal is broadcast, the horizontally
polarized component shall meet the requirements in 9.2.5.4.4.1 .2, and the
effective radiated power (ERP) shall provide for a vertically polarized
signal with a minimum field strength of 136 microvolts per metre (-103
dBWm2) and a maximum field strength of 0.221 volts per metre (-39
dBWm2) within the GBAS coverage volume. The field strenBth shall be
measured as an average over the period of the synchronization and
ambiguity resolution field of the burst. The RF phase offset between the
HPOL and VPOL components, shall be such that the minimum signal
power is achieved for HPOL and VPOL users throughout the coverage
volume.

Power transmitted in adjacent channels. The amount of power during
transmission under all operating conditions when measured over a 25
kHz bandwidth centred on the i'h adjacent channel shall not exceed the
values shown in Table 9.2.5.4-l .

Table9.2.5.4.5-l GBAS broadcast power transmitted in adjacent channels

lst adjacent
2nd adjacent
4th adjacent
8th adjacent
l6th adjacent
32nd adjacent
64th adjacent
76th adjacent and beyond

-40 dBc

-65 dBc

-74 dBc
-88.5 dBc

-101.5 dBc

-105 dBc

-1 13 dBc

-l 15 dBc

12 dBm

-13 dBm

-22dBm
-36.5 dBm
-49.5 dBm

-53 dBm
-61 dBm

-63 dBm

NOTES._
1 . The maximum power applies if the authorized transmitter power exceeds I 50 W.

2.The relationship is linear between single adjacent points designated by the adjacent
channels identified above.
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9.2.5.4.6 Unwanted emissions. Unwanted emissions, including spurious and out-of-band
emissions, shall be compliant with the levels shown in Table 9.2.5.4.6-2.The
total power in any VDB harmonic or discrete signal shall not be greater than -
53 dBm.

Table 9.2.5.4.6-2 GBAS broadcast unwanted emissions

Freqreoq'

Rrtrthe um'amd
snssin l€rel

(NoE:)

Itfiinl'mulrwsded
emrssrm l€srl

(:.IoE l)

l0 [!llz to 106.1]5 ]rfHz
106.415 [[Hz
l0?.!15 [!rrz
t0?.615 LffIz
l0?.8t5 Lfrrz
l0? 915 N[Hz

107.9615 lvlHz
l0? 915 LfHz
I 18.000 IIIIz

I I8 .0115 illtlz
1 18 050 lrfllz
I I 8. I 50 LIIIz
I I 8.3 50 I\[Hz
118 750 LIHz
I 19.550 IIIIz

119.S50h{Hzto I GHz
lGHztol?GHz

9IEz to 150 IHz

150 kHz to 30 lvIHz

-93 dBc
(Note 3)

-l0l dBc
(tlote l)
-l 15 dBc

-l 13 dBc

-105 dBc

-101.5 dBc

-88.5 dB<

-74 dBc

_?I dB(

-65 dBc

i5 dBc

-?I dBC

-7{ dBc

-88.5 dBc

-10t.5 dBc

-I05 dBc

-l l3 dBc

-l 15 dBc

-1 l5 dBc

-i5 dBm,'l kllz
(Note 3)

-55 dBm/10 IIiIz
(Note 3)

-5i dB[lrl00 kHz

-55 dBm,'IO0 kHz

--4i dBarrl00 kHz

-51.5 dBu.rl0 kllz
-{0.5 dBurrl0 k}Iz

-36 dBm"l tHz

-33 dBE,'l lHz
-l? dBE'l tHr
-:? dBE:l LHz

-13 dBm,'l kHz

-36 dBnr,'l kHz

-10.5 dBuil0kllz

-53.5 dBu.,l0kHz
--47 dBm,'100 L.Hz

-55 dBErrloo kHz

-57 dB[rrl0o tHz
-:l? dBrll MlIz

NOTES._

1 . The maximum unwanted emission level (absolute power) applies if the authorized
transntitter power exceeds 150 W.

2. The relative unwanted emission level is to be computed usitrg the same bandwidthfor
desired and unwanted signals. This may require conversion of the measurement for
unwanted sig,nals done using the bandwidth indicated in the maximum unwanted
emission level column of rhis table.

3. This value is driven by measurement limitations. Actual performance is expected to
be better.

4. The relationship is linear bebveen single adjacent points designated by the adjacent
channels identified above.

9.2.5.5 Navigation information. The navigation data transmitted by GBAS shall include
the following information:



9.2.6

9.2.6.1

9.3

9.3.1
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(a) pseudo-range corrections, reference time and integrity data;

(b) GBAS-related data;

(c) final approach segment data when supporting precision approach; and

(d) predicted ranging source availability data.

Aircraft GNSS receiver

The aircraft GNSS receiver shall process the signals of those GNSS elements
that it intends to use.

Resistance to interference

GNSS shall comply with performance requirements defined in 9.0 in the
presence of the interference environment.

9.4

9.4.1

Database

Aircraft GNSS equipment that uses a database shall provide a means to:

(a) update the electronic navigation database; and

(b) determine the Aeronautical Information Regulation and Control (AIRAC)
effective dates of the aeronautical database.

9.5 Global Positioning System (GPS)

Standard Positioning Service (SPS) (Ll )

9.5.1 NON-AIRCRAFTELEMENTS

9.5.I.I RADIO FREQUENCY (RF) CHARACTERISTICS

9.5.1.1.1 Carrier phase noise. The carrier phase noise spectral density of the
unmodulated carrier shall be such that a phase locked loop of l0 Hz one-sided
noise bandwidth is able to track the carrier to an accuracy of 0.1 radian (1

sigma).

9.5.1.1.2 Spurious emissions.In-band spurious emissions shall be at least 40 dB below
the unmodulated Ll carrier over the allocated channel bandwidth.

9.5.1.1.3 Correlation /oss. The loss in the recovered signal power due to imperfections
in the signal modulation and waveform distortion shall not exceed I dB.

Note.- The loss in signal power is the dffirence between the broadcast power in a 2.046
MHz bandwidth and the signal power recovered by a noise-free,loss-free receiver with
l-chip correlator spacing and a 2.046 MHz bandwidth

9.5.1.1.4 Coarselacquisition (CIA) code generation and tining.Each C/A code pattern
Gi(| shall be formed by the Modulo-2 sum of two I 023-bit linear patterns, Gl
and G2i. The G2i sequence shall be formed by effectively delaying the G2
sequence by an integer number of chips to produce one of 36 unique Gi(t)
patterns defined in Table B- I . The G I and G2 sequences shall be generated by
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1O-stage shift registers having the following polynomials as referred to in the
shift register input:

a) Gl:Xro+X3+l;and

b) G2: Xro+Xe+Xt+X6+X3+X2+ 1

The initialization vector for the Gl and G2 sequences shall be "l I l l l I I I11". The code
phase assignments shall be as shown in Table B-1. The Gl 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- I .*

9.s.1.2 Data stucture. The navigation message shall be formatted as shown in Figure
B-2. Each page, as shown in Figure 8-6, shall utilize a basic format of a I 500-
bit-long frame with up to 5 subframes, each of 300 bits in length. All words
shall be transmitted most significant bit (MSB) first.

9.5.1 .2.1 Subframe structure. Each subframe or page of a subframe shall start with a

telemetry (TLM) word followed by a handover word (HOW). The HOW shall
be followed by 8 data words. Each word in each frame shall contain 6 parity
bits. The TLM word and HOW formats shall be as shown in Figures B-3 and
B-4, respectively.

9.5.1 .2.2 End/start of week. At the end/start of week

a) the cyclic paging of subframes 1 through 5 shall restart with subframe I
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 restart with page I 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
boundaries (i.e. Modulo 30 seconds relative to the end./start of week).

Note.- New data in subframes 4 and 5 may start to be transmitted with any of the 25
pages of these subframes.

9.5.r.2.3 Data parity. Words 1 through l0 of subframes I through 5 shall each contain
6 parity bits as their least significant bits (LSBs). In addition, two non-
information bearing bits shall be provided as bits 23 and 24 of words 2 and
l0 for parity computation purposes.

9.5.1.2.4 Telemetry OLM) word. Each TLM word shall be 30 bits long, occur every 6
seconds in the data frame and be the first word in each subframe. The TLM
format shall be as shown in Figure B-3. Each TLM word shall begin with a
preamble, followed by 16 reserved bits and 6 parity bits.

9.5.1.2.5 Handover word (HOW). The HOW shall be 30 bits long and shall be the
second word in each subframe/page, immediately following the TLM word.
A HOW shall occur every 6 seconds in the data frame. The HOW format and
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content shall be as shown in Figure B-4. The full time-of-week (TOW) count
shall consist of the 19 LSBs of the 29-bitZ-count(9.5.1.2.6). The HOW shall
begin with the 17 MSBs of the TOW count. These 17 bits shall correspond to
the TOW count at the 1.5-second epoch that occurs at the start (leading edge)
of the next following subframe.

Bit l8.On satellites designed by configuration code 001, bit 18 shall be an
"alert" flag. When this flag is raised (bit 18 is a "1"), it shall indicate to the
user that the satellite user range accuracy (URA) may be worse than indicated
in subframe I and that use of the satellite is at the user's risk.

Table B-l Code phase assignments

S.t lUte ID
--t+q

9.5.1.2.5.1

GPS
PRNsiul

G2 &lay
(cbiF)

Firr lO chiF
etrl'

I
2
3

4
5

6
7
8
9
10
It
t2
l3
t4
IJ
l6
t7
l8
l9
2A
2t
22
2t
24
?5
26

I
2
3
4
5

6

I
9
to
ll
t2
l3
14
l5
16
t7
l8
l9
20
2t
22
23
24
25
26
27
28
29
30
3l
12
33

14.,
15
36

J7..

5
6
7
8
L7
l8

139
t4
l4l
251
252
254
255
256
257
258
469
470
47t
472
473
474
509
512
513
514
515
516
859
860
861
462
863
950
947
948
950

1440
t620
lTlo
1744
I 133
1455
I 131
1454
t626
I 504
tilz
I 750
t7a
1772
1775
t776
I t56
t467
t633
1715
1746
t763
1063
1706
1743
t76t
1770
1774
tt27
1453
t625
t7L2
t745
I 713
I 134
r456
t7tl

28
29
30

27

3t
32

* In the octal notation for the first l0 chips of the C/A code as shown in this column, the
first digit represents a
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"1" for the first chip and the last three digits are the conventional octal representation of
the remaining

9 chips (e.g. the first l0 chips of the C/A code for pseudo-random noise (PRN) signal
assembly I are:

I 100100000).

** C/A codes 34 and 37 are common

*** PRN signal assemblies 33 through 37 are reserved for other uses (e.g. ground
transmitters).

9.5.1 .2.5.2 Bir 19. Bit l9 shall be reserved.

9.5 .t .2.5 .3 Bits 20, 2l 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 ID code shall be as defined below:

ID Code
1 001
2 0r0
3 0ll
4 100

5 l0l

9.5.1.2.6 Satellite Z-count. Each satellite shall internally derive a 1.5-second epoch
that shall contain a convenient unit for precisely counting and
communicating time. Time stated in this manner shall be referred lo as aZ-
count. The Z-count shall be provided to the user as a 29-bit binary number
consisting of two parts as follows.

9.5.r.2.6.r Time-of-week (TOW) count. The binary number represented by the l9 LSBs
of the Z-count shall be referred to as the TOW count and is defined as being
equal to the number of l.5-second epochs that 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 0 to 403 199 l.5-second epochs
(equalling one week) and shall be reset to zero at the end of each week. The
TOW count's zero state shall be the l.S-second epoch that is coincident
with the start of the present week. A truncated version of the TOW count,
consisting of its 17 MSBs, shall be contained in the HOW of the Ll
downlink data stream. The relationship between the actual TOW count and

its truncated HOW version shall be as indicated in Figure B-5.

Note.- The above-mentioned epoch occurs at (approximately) midnight Saturday
nightlSunday morning, where midnight is defined as 0000 hours on the UTC scale which
is nominally referenced to the Greenwich Meridian.

9 .5 .t .2.6.2 Week count. The 10 MSBs of the Z-count shall be a binary representation of
the sequential number assigned to the present GPS week (Modulo 1024).

The range of this count shall be from 0 to I 023. Its zero state shall be that
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9.5.1.3

9.5.1.3.1

week which starts with the 1.5-second epoch occurring at (approximately)
the UTC zero time point (9.5.4). At the expiration of GPS week number I
023, the GPS week number shall roll over to zero. The previous I 024
weeks in conversions from GPS time to a calendar date shall be accounted
for by the user.

DATACONTENT

Subframe 1 - satellite clock and health data. The content of words 3

through 10 of subframe I shall contain the clock parameters and other data
as indicated in Table B-2. The parameters in a data set shall be valid during
the interval of time in which they are transmitted and shall remain valid for
an additional period of time after transmission of the next data set has

started.

9.5.1.3.1.1 Week number. The l0 MSBs of word 3 shall contain the l0 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 each end/start of week
epoch.

9.5.1.3.1.2 User range accuracy (URA). Bits l3 through 16 of word 3 shall provide the
predicted satellite URA as shown in Table B-3.

Note l.- The URA does not include error estimates due to inaccuracies of the single-

frequency ionospheric delay model.

Note 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.

Table B-2. Subframe I parameters

Parameter Number of bits** Scale factor (LSB)
Week number l0 I
Satellite accuracy 4
Satellite health 6 I
Too g,r. 2-31

IODC IO
24

2-5s

243

2-31

Effective range*** Units
weeks

t@

an

for

tu

16

8*
l6*
22"

604784

discretes
seconds

seconds
seconds/second2
seconds/second
seconds

* Parameters so indicated are two's complement, with the sign bit (+ or--) occupying the
MSB.

** See Figure B-6 for complete bit allocation.

*** Unless otherwise indicated in this column, effective range is the maximum range
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Table B-3 User range accurancy

URA

o
I
2
3
4
5
6
7
I
9
10
ll
t2
l3
l4
l5

Ac<rrlecy

2m
2.8 or
4rn

5.7 a,
8m

I1.3 ru
l6 or
32m
64 or
128 or
256 nt
512 rn

IO24m
?o48m
4O96m

Do not use

9.5.1.3.1.3 Health. The transmitting satellite 6-bit health indication shall be provided
by bits 17 through 22 of word 3.The MSB shall indicate a summary of the
health of the navigation data, where:

a) 0 = all navigation data are valid; and

b) I = some of the navigation data are not valid

The 5 LSBs shall indicate the health of the signal components in accordance with
9.5.1.3.3.4. The health indication shall be provided relative to the capabilities of each

satellite as designated by the configuration code in 9.5.1.3.3.5. Any satellite that does not
have a certain capability shall be indicated as "healthy" if the lack of this capability is
inherent in its design or it has been configured into a mode which is normal from a

receiver standpoint and does not require that capability. Additional health data shall be
given in subframes 4 and 5.

Note.- The data g,iven in subfrante I may dffir from that shown in subframes 4 or 5 of
other satellites since the latter may be updated at a dffirent time.

9 .5 .t .3.t .4 Issue of data, clock (IODC). Bits 23 and 24 of word 3 in subframe I shall
be the 2 MSBs of the lO-bit IODC term. Bits I through 8 of word 8 in
subframe I shall contain the 8 LSBs of the IODC. The IODC shall indicate
the issue number of data set. The transmitted IODC shall be different from
any value transmitted by the satellite during the preceding 7 days.
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Note.- The relationship between the IODC and the Issue oJ Data, Ephemeris (IODE)
terms is defined in 9.5.1 .3.2.2.

9.5.1.3.1.5 Estimated group delay dffirential. Bits 17 through 24 of word 7 shall
contain the correction term, TGD, to account for the effect of satellite group
delay differential.

Note.- TGD does not include any C/A to P(Y) code relative group delay error

9.5 .1 .3 .1 .6 Satellite clock correction parameters. Bits 9 through 24 of word 8, bits I
through 24 of word 9, and bits 1 through 22 of word 10 shall contain the
parameters needed by the users for apparent satellite clock correction (t*,
ar, an and a.).

9.5.1.3.1 .'l Reserved datafields. Reserved data fields shall be as indicated in Table B-
4. All reserved data fields shall support valid parity within their respective
words.

9.5.l.3.2Subframes 2 and 3 - satellite ephemeris data.Svbframes 2 and 3 shall contain

the ephemeris representation of the transmitting satellite.

9.5.1.3.2.1 Ephemeris parameters. The ephemeris parameters shall be as indicated in
Table B-5. For each parameter in subframe 2 and 3, the number of bits, the
scale factor of the LSB, the range, and the units shall be as specified in
Table 8-6.

9.5.r.3.2.2 Issue of data, ephemeris (IODE). The IODE shall be an 8-bit number equal
to the 8 LSBs of the 10-bit IODC of the same data set. The IODE shall be
provided in both subframes 2 and 3 for the purpose of comparison with the
8 LSBs of the IODC term in subframe l. 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 l). 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
boundaries except for the first data set of a new upload. Additionally, the
toe value, for at least the first data set transmitted by a satellite after an

upload, shall be different from that transmitted prior to the change (Note 2).

Table B-4. Subframe 1 reserved data fields

Word Bit

3

4
5

6
7

tt-t2
| -24
| -24
| -24
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PanM

Table B-6. Ephemeris

Parameters

}firg$ct
of br'ts"

Table B-5. Ephemeris data

Scrb ficbr
c-sB) note'rt tlnia

Efrcctrw

IODE
c.
Ao
1"6

c*
e

c-

',6L
Ci

iDOT

0.03

8

l6r
l6!
32.
16.
l2
16.
t2
t6
16.
32a

16.
32t
163

32t
24.
l4t

y5

)1,

Ttl
2-7e

2-1,

2-1e

z-te

t'
2-2e

2-rl
2-:e

2'tt
2-5

2-rl
2-1'

243

6M784

orltes
secr-circledscrod
scmr<ircles
radirrs
dim<ionless
radiffs
metreslz

secoods

radiars
semi<ircles
radians

semi-circles
Inctres

semr-crrcles

semr-circles/secood

seoi<ircles/sccoad

OMEGA{

OMEGADOT

c*
io

c"
(D

,* Parameters so indicated are two's complement, with the sign bit (+ or -) occupying
the MSB.

lv{o Meananomalyatrcferemetime

An Mean rctim differeuce from comprted r.alue

e kcentioty

,6 Squarerootof fu scoi-najoraxis

OMEGAO

t0

o
OIVIEGAIIT

iDOT

c-
cn

c,.

c"
c.
co

h
IODE

Lmg$r* of ascendmgoo& of abrtplane at wcekly epoch

Inclinatim aagle al refereoce lim
Argument ofpengee

Rate ofright ascensim

Rate of inclioation aagle

Arylinrde of tie cosioeharmonic conectiooterm to tte argrmtof htihr&
Arylinde of Sr sire hrruoric conecuou trm to fo argumt of htitude

Arylinrde of fu cosae harmmc cwecdotr tcrm b the qtrit radls

Anplinde of the she hrooric coneclim t€rn to ttre sbit radirs

Arylitrde of 6e cosoc harooolc cofieclioo tcrn to the angle of rmlinaton

Aopliude of ftr sinr humic conecuotr terE to the angle of inclnato
Refereocetrm, ahcris
Issue ofdata- eoheoens



Kenya Subsidiary Le gislation, 20 I 8 2175

** See Figure B-6 for complete bit allocation in subframe.

*** Unless otherwise indicated in this column, effective range is the maximum range
attainable with the indicated bit allocation and scale factor.

Note I.- The IODE/IODC terms provide the receiver with a means for detecting any
changes in the ephemeris/clock representation parameters.

Note 2.- The first data set may change (9.5.1 .2.2) at any time during the hour and
therefore may be transmitted by the satellite for less than I hour.

9.5.1.3.2.3 Reserved datay'elds. Within word 10, subframe 2, bits l7 through 22 shall be

reserved. Reserved data fields shall support the valid parity within their
respective words

9.5 .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 shall contain different data in words 3

through 10. The pages of subframe 4 shall use 6 different formats, and the
pages of subframe 5 shall use two different formats as indicated in Figure B-
6.

Pages of subframe 4 shall be as follows:

a) Pages 2, 3,4, 5,7,8,9 and l0: almanac data for satellites 25 through 32
respectively. If the 6-bit health status word of page 25 is set to 6 "ones"
(9.5.1.3.3.4) then the satellite ID of the page shall not have a value in the range
of 25 through 32;

Note .- These pages may be designed for other functions . The format and content for
each page is defined by the satellite ID of that page.

b) Page 17'. special messages;

c) Page 18: ionospheric and UTC data;

d) Page 25: satellite configurations for 32 satellites; and

e) Pages 1 , 6, 11 , 12, 1 3, 14, 1 5, 16, 19 ,20,21 ,22,23 and 24: reserved

Pages of subframe 5 shall be as follows:

a) Pages I through 24: almanac data for satellite I through 24; and

b) Page 25: satellite health data for satellite I through 24, the almanac reference
time and the almanac reference week number.

9.5.1 .3 .3 .1 Data ID. The two MSBs of word 3 in each page shall contain the data ID
that defines the applicable GPS navigation data structure. The data ID shall
be as indicated in Table B-7 in accordance with the following:
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a) for those pages which are assigned to contain 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 ID shall denote the data structure of the
transmitting satellitet and

c) data ID "1" (denoted by binary state 00) shall not be used.

9 .5.1 .3 .3.2 Satellite /D. The satellite ID shall be provided by bits 3 through 8 of word 3

in each page. The satellite IDs shall be utilized two ways:

a) for those pages which contain the almanac data of a given satellite, the
satellite ID shall be the same number that is assigned the PRN code
phase of that satellite in accordance with Table B- l ; and

b) for all other pages the satellite ID assigned in accordance with Table B-
7 shall serve as the "page ID". IDs I through 32 shall be assigned to
those pages which contain the almanac data of specific satellites (pages
I through 24 of subframe 5 and pages 2 through 5, and 7 through l0 of
subframe 4). The "0" ID (binary all zeros) shall be assigned to indicate
a dummy satellite, while IDs 5l through 63 shall be utilized for pages
containing other than almanac data for a specific satellite (Notes I and
2).

Note I .- Specitic IDs are reserved for each page of subframes 4 and 5; however, the
satellite ID ofpages 2,3,4,5,7,8,9 and 10 ofsubJrame 4 nny changefor each page ro
reflect the alternate contents for that page.

Note 2.- The remaining IDs ( jj through 50) are unassigned.
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Table B-7. Data IDs and satellite IDs in subframes 4 and 5

Subfrm4 StulJ
PeF DiIID Srtdlite ID' DrtrID SraliL ID'

I
2rfj,
3r.ra
4!.rr
Srrrt

6

7...r
8t..r
9.rr.
l0rr.r

lt
l2
l3
l4
l5
l6
17

l8
l9
20
2l
22

23

24
25

ltt

la
3t

tt
ta
t*
at
att
,*a
taa
aaa

aaa

ata
tta
tta
t*t
tt*
tla
llt
taa
tal
aat

58r.r.a

37

25

26
27
28
57

29
30
ll
32
57

62
52

53

54
57

55

56

57

59.rrrr

60rrrr.

tt
aa

at
ta

la
ta
aa

aa

tt
al
tl
tl
ta
tt
tt
tl
lt
It
tt
!l

tt
ttt

I
2

3

4
5

6
't

8

9
t0
1l
t2
13

l4
15

16

t7
l8
l9
20
?1

22

23

24

5l

6l
62

63

"0" indicates "dummy" satellite. When using "0" to indicate a dummy satellite,
the data ID of the transmitting satellite is used.

Data ID of that satellite whose satellite ID appears in that page.

Data ID of transmitting satellite.

Pages 2, 3,4,5,7 ,8, 9 and l0 of subframe 4 may contain almanac data for
satellites 25 through 32, respectively, or data for other functions as identified by a

different satellite ID from the value shown.

***x'* Satellite ID may vary

9.5.1.3.3.3 Almanac. Pages I through 24 of subframe 5, as well as pages 2 through 5

and 7 through l0 of subframe 4 shall contain the almanac data and a

satellite health status word (9.5.1.3.3.4) for up to 32 satellites. The almanac
data shall be a reduced-precision subset of the clock and ephemeris
parameters. The data shall occupy all bits of words 3 through 10 of each
page except the 8 MSBs of word 3 (data ID and satellite ID), bits 17

through 24 of 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
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almanac parameters shall be as indicated in Table B-8. The almanac

message for any dummy satellite shall contain alternating "ones" and
"zeros" with a valid parity.

9.5.1.3.3.3.1 Almanac reference time. The almanac reference time, toa, shall be a

multiple of 212 seconds occurring approximately 7O hours after the first
valid transmission time for this almanac data set. The almanac shall be
updated often enough to ensure that GPS time, t, will differ from toa by less

than 3.5 days during the transmission period. The almanac parameters shall
be updated at least once every 6 days during normal operations.

9.5.1 .3.3.3.2 Almanac time parameters. The almanac time parameters shall consist of an

I l-bit constant term (af0) and an I l-bit first order term (afl).

9.5.1.3.3.3.3 Almanac reference week. Bits 17 through 24 of word 3 in page 25 of
subframe 5 shall indicate the number of the week (WNa) to which the

almanac reference time (toa) is referenced. The WNa term shall consist of
the 8 LSBs of the full week number. Bits 9 through 16 of word 3 in page 25
of subframe 5 shall contain the value of toa that is referenced to this WNa.

9.5.1 .3.3.4 Health summary. Subframes 4 and 5 shall contain two types of satellite
health data:

a) each of the 32 pages that contain the clock/ephemeris related almanac

data shall provide an 8-bit satellite health

b) status word regarding the satellite whose almanac data they carry; and

the 25th pages of subframes 4 and 5 jointly shall contain 6-bit health
data for up to 32 satellites.

9.5.1.3.3.4. I The 8-bit health status words shall occupy bits 17 through24 of word 5 in
those 32 pages that contain the almanac data for individual satellites. 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.
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Table B-8. Almanac parameters

Prrcr.r
I,rid.,
ofbibrr

Scrlc ficbr
(rJ8)

Effccrrt
rtrgltr' Ih

e

t*
01

l6
8

l6*
16.

24.

24r
24j
24.
llI
ll.

rrl
212

2-to

T,,
2-ll

2-21

Trl
T2)

2-n

TN

w.12
dimcnsiooless

secoods

seui<ides
semi<ircles/sccond

rresl'2
scmi<ircles

seor<ides
semi<ircles

secoods

secmddsecond

OMEGADOT

OMEGAO

..E

o
M,
aO

061

,i Parameters so indicated are two's complement, with the sign bit (+ or -)
occupying the MSB.

See Figure 8-6 for complete bit allocation in subframe.

Unless otherwise indicated in this column, effective range is the maximum range
attainable with the indicated bit allocation and scale factor.

**** Relative to i0 = 0.30 semi-circles.

9.5.1.3.3.4.2 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 B-9. The 6-bit
words shall provide a 1-bit summary of the navigation data's health status
in the MSB position in accordance with 9.5.1.3.1.3. The 5 LSBs of both the
8-bit and the 6-bit health status words shall provide the health status of the
satellite's signal components in accordance with the code given in Table B-
10.
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Table B-9. Navigation data health indication

Btpaomioplgt

137 118 t39 Ilrhdm

0

I

0

0

0

I

0

0

0

AILDATAOK

PAXITY FAILtIRE - sm or rll prnty bad

ILMiIIOW FORMAT PR0tsLEilf - ny d@u! tm sto.kd f(ml
(e.g. pcroble orphced adq imnc), txcq for mwect Z<oo, r rqqted

nHOW

Z{OUNT rn HOW BAD - ray poblco vrth Z+qu rrfu oot rc0ctrog

acrual codr Sasc

SUBFRAMES l, 2, J - mc a nre ebmas ia wor& 3 tkmgh l0 of m u
mor subfrarcs ue bad

SUBFRAMES 4, 5 - me or me dcs in *,or& 3 tffit6 l0 of me or

mrc nrbframcs are bd

ALI UPLOADED DATA BAD - oa r roe elmrtr ir *udr 3 &ough l0
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0

0 0

0

0

Table B-10. Codes for health of satellite signal components

}{SB tsB hduio

0

0

0

1

0

I

0

I

O AIISIGNAIJOK

0 SATIu.m IS TEI,TPORAXILY OUT - do Dor u$ fris eiellite
fuitrgcuntdprt_

I SAIIIJ.IIEWII,LBEIEdPORARILYOUT-u*wi6cruim

O SPARE

I MOR.E llIAN Ot'lE OOTvIBINATION WOULD BE REQIJIRED TO

DESCREE A}.IOMAUES, E(CEM IHOSE I,IARKED BY 

-SATEIIIIE EOERIEICI}IG ODE I{ODIJI.ANON ANDOR
$GMt POVER LEVET IRAI.ISTi,IESION PROBI.ET,TS. T}C USC'

ory oecrkocc hmitufi u-r*iog FSkG if sddtiE is rqued

0

Allofucmtfuntimr

9.5.1.3.3.4.3 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 shall
indicate that "the satellite which has that ID is not available and there may
be no data regarding that satellite in the page of subframe 4 or 5 that is
assigned to normally contain the almanac data of that satellite".

Note.- This special meaning applies to the 25th pages of subframes 4 and 5 only. There

may be data regarding another satellite in the almanac page reJerred to above as defined
in 9.5 .l .3 .3 .3 .
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9.5.1.3.3.4.4 The health indication shall be provided relative to the capabilities of each
satellite as designated by the configuration code in 9.5.1.3.3.5.
Accordingly, any satellite that does not have a certain capability shall be
indicated as "healthy" if the lack of this capability is inherent in its design
or it has been configured into a mode which is normal from a receiver
standpoint and does not require that capability. The predicted health data
shall be updated at the time of upload.

Note I .- The transmitted health data may not correspond to the actual health oJ the
transmitting satellite or other satellites in the constellation.

Note 2.- The data given in subframes I , 4 and 5 of the other satellites may dffir ftom
that shown in subframes 4 or 5 since the latter may be updated at a different time.

9.5.1.3.3.5 Satellite 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 satellite. These 4-bit terms shall occupy bits 9 through 24 of words 3,
the 24 MSBs of words 4 through 7, and the 16 MSBs of word 8, all in page
25 of subframe 4. The MSB of each 4-bit term shall indicate whether anti-
spoofing is activated (MSB = l) or not activated (MSB = 0). The 3 LSBs
shall indicate the configuration ofeach satellite using the following code:

Code Satellite configuration
001 Block II/IIA/IIR satellite
010 Block IIR-M satellite
l1 Block IIF satellite

9.5.1.3.3.6 UTC parameters. Page l8 of subframe 4 shall include:
a) the parameters needed to relate GPS time to UTC time; and

b) notice to the user regarding the scheduled future or past (relative to navigation
message upload) value of the delta time due to leap seconds (tLSF), together
with the week number (WNLSF) and the 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 the WNLSF value consists of the 8 LSBs of the full
week number. The absolute value of the difference between the untruncated WN
and WNLSF values shall not exceed 127.

Note.- The user is expected to account for the truncated nature of this parameter as well
as truncation of WN, WNt and WNLSF due to rollover of the full week number
(9.s.1.2,6.2).

9.5.1.3.3.6.1 The 24 MSBs of words 6 through 9, and the 8 MSBs of word l0 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 parameters shall be as specified in Table B-
11.

9.5.1.3.3.'7 lonospheric parameters. The ionospheric parameters that allow the GPS
SPS user to utilize the ionospheric model for computation of the
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ionospheric delay shall be contained in page l8 of subframe 4 as specified
in Table B-12.

9.5.1.3.3.8 Special message. Page 17 of subframe 4 shall be reserved for special
messages.

Table B-l l. UTC parameters

lfrder
Prruht oftiE't

Scehfict6
(tsB)

Efhrctirt
Etgt"r

12.
24.
8.
8

8

8

8rt.
8t

.{"
A1

Atrs

t"t

wN,
wNLsF

DN
Atrsr

UrG

fi2n2

secoods

sccoods/secod

scco[ds

scconds

weeks

wceks

rhin
secm&

* Parameters so indicated are two's complement, with the sign bit (+ or -) occupying
the MSB.

+'t See Figure B-6 for complete bit allocation in subframe.
*'t':t Unless otherwise indicated in this column, effective range is the maximum range

attainable with the indicated bit allocation and scale factor.
,r,*** Right justified.

Table B-l 2. Ionospheric parameters
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8.
8.
8.
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C3
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Fr

h
0,

Lhit!

sccoods

sccooddseu<ircle

secondJsemi-circlel

secooddseori<ircles

seconds

seconddscmidrcle

scconddscmi*irclc2

sccmddsenri<irclel

Parameters so indicated are two's complement, with the sign bit (+ or -) occupying
the MSB.

See Figure 8-6 for complete bit allocation in subframe.

Unless otherwise indicated in this column, effective range is the maximum range
attainable with the indicated bit allocation and scale factor.
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2tl
2t1

216

216
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9.5.1.3.3.9 Reserved datafields. trll bits of words 3 through 10, except the 58 bits used
for data ID, satellite (page) ID, parity (six LSBs of each word) and parity
computation (bits 23 and 24 of. word 10) of pages I , 6, I I , 12, 13, 14, L5,
16, 19, 20, 21, 22, 23 and 24 of subframe 4, and those almanac pages
assigned satellite ID of zero shall be designated as reserved.

Other reserved bits in subframes 4 and 5 shall be as shown in Table B-13. Rcserved bit
positions of each word shall contain a pattern of alternating ones and zeros with a valid
word parity.

9.5,2 DEFINITIONS OF PROTOCOLS FOR DATA APPLICATION

Note.- This section defines the inter-relationships of the data broadcast message
porameters. It provides definitions of parameters that are not ffansmitted, but are used
by either or both non-aircrafi and aircrafi elements, and that define terms applied to
determine the navigation solution and its integrity.

Table B-13 Reserved bits in subframes 4 and 5

Shc hsr SIct XaandbilFrfioirm{

fi-n
9-n

t7- t8
t9-22
4-n

4

4

4

4

5
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I
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t8
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25

I
-=il,
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Table B-14 Parity encoding algorithms

Parity algorithm. GPS parity algorithms are defined as indicated in Table B-149.5.2.1

9.5.2.2

where

Satellite clock correction parameters . GPS system time r is defined as

t=tsv-(Atsv)Ll

t = GPS system time (corrected for beginning and end-of-week crossovers);

tsv = satellite time at transmission of the message;

(Atsv)Ll = the satellite PRN code phase offset;

(Atsv)Ll = am + afl(t-toc) + af2(t- toc)2 + Atr-TGD
Where

a0, afl and af2 and toc, are contained in subframe l; and

Atr = the relativistic correction term (seconds)

Arr = Fe /e sin ek
Where

e and A are contained in subframes 2 and 3;

Ek is defined in Table B-15; and
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r=- =
c

Where

p = WGS-84 universal gravitational parameter (3.986005 x 1014 m3/s2)

c = the speed of light in a vacuum (2.99792458 x 108 m/s)

Note.- The value of t is intended to account for the beginning or end-of-week crossovers,
That is, if the quantity tloc is greater than 302 400 seconds, subtract 604 800 seconds

lrom t. If the quantity t-toc is less than -302 400 seconds, add 604 800 seconds to t.

9.5.2.3 Satellite posbion.The current satellite position (Xk, Yk, Zk) is defined as shown
in Table B-15.

9.5.2.4 lonospheric correction. The ionospheric correction (Tiono) is defined as:

-2(F)r
4.4{Im?fi3florodm}t

,,*: I 
rx [s,ox ro-' + A,yrP (t-* **)] ,kl <1,57 

] 1.*o,,a,y
[rx (s,oxro-') + lxl >r,szJ

Il*"'€'
{seconds)

qAcrc

AMP:
AIrtP > O

riA"}tP{o, AILIP : 0

2r(t-s0{00), .,*:---E;-, (raollfls,

nnn:[I]ofuoil ?Err>7zooo]1""*r,a"1
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$, = fi+ 0.064 coa (L- I 617) (semi<ircles)

- trcnAl. =L+=(semi<ircles)
co50i

0i = h*ycos A (srmi-circles)

l'0,=6, si lfil<0.+to )
+,= 

J 
+,= * 0,415 si [, > 0.416, 

It,*,*n 
r.*)

\0i= -0.416 si S1 < -0.415/

U = *1 -0.022(semi+ircles)' E+0.11

= 4"12 * l0{ L + GPS tinn (seronds) where 0st { 86 4m,

therefme: if tZ 86 400 sec.onds, subtac 86 400 seconds; md

if t.:0 $coads, add 86 400 secods

E - satellite elnation aagle

9.5.2.4.lThe terms used in computation of ionospheric delay are as follows:

a) Satellite transmitted terms

on = the coefficients of a cubic equation representing the amplitude of the vertical
delay

(4 coefficients = 8 bits each)

0, = the coefficients of a cubic equation representing the period of the model (4

coefficients = 8 bits each)

b) Receiver generated terms

E = elevation angle between the user and satellite (semi-circles)

A = azimuth angle between the user and satellite, measured clockwise positive from
the true North (semi-circles)

Qu = user geodetic latitude (semi-circles) WGS-84
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).,= user geodetic longitude (semi-circles) WGS-84

GPS time = receiver computed system time

c) Computed terms

a = phase (radians)

F = obliquity factor (dimensionless)

t = local time (seconds)

Q, = leomagnetic latitude of the earth projection of the ionospheric intersection point

(mean ionospheric height assumed 350 km) (semi-circles)

l,i = geomagnctic longitude of the earth projection of the ionosphcric intcrsection point

(semi- circles)

Qi = geomagnctic latitude of thc earth projection of the ionosphcric inrcrsection point

(semi-circles)

$ = earth's central angle between user position and earth projection of ionosphcric

intersection point (semi-circles)
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Table B-15 Elements of coordinate
systems
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9.5.3 AIRCRAFT ELEMENTS

9.5.3.1 GNSS (GPS) RECETVER

9.5.3.1.1 Satellite exclusion. The receiver shall exclude any marginal or unhealthy
satellite.

Note.- Conditions indicating that a satellite is "healthy", "marginal" or "unhealthy"
can be Jound in the United States Department of Defense, Global Positioning System -
Standard Positioning Service - Performance Standard, 4th Edition, September 2008,
Section 2.3 .2 .

9.5.3.1 .2 Satellite tacking. The receiver shall provide the capability to continuously
track a minimum of four satellites and generate a position solution based upon
those measurements.

9.5.3.1.3 Doppler shiJt.The receiver shall be able to 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.

9.5.3.1.4 Resistance to interference. The receiver shall meet the requirements for
resistance to interference as specified in these Regulations.

9.5.3.1.5 Application of clock and ephemeris data. The receiver shall ensure that it is
using the correct ephemeris and clock data before providing any position
solution. The receiver shall monitor the IODC and IODE values, and to update
ephemeris and clock databased upon a detected change in one or both of these
values. The SPS receiver shall use clock and ephemeris data with
coresponding IODC and IODE values for a given satellite.

9.5.4 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 GPS time shall be I week, defined as 604 800
seconds. The GPS time scale shall be maintained to be within I microsecond of UTC
(Modulo I second) after correction for the integer number of leap seconds difference. The
navigation data shall contain the requisite data for relating GPS time to UTC.

9.6 Global navigation satellite system (GLONASS) channel of standard accuracy (CSA)
(Lr)

Note.- ln this section the ternt GLONASS refers to all satellites in the constellation
Standards relating only to GLONASS-M satellites are qualified accordingly.
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9.6.1 NON-AIRCRAFIELEMENTS

9.6.1.I RFCHARACTERISTICS

9.6.1.1.1 Carrier lrequencies.The nominal values of Ll carrier frequencies shall be as

defined by the following expressions:

f*,-fo,+kAf,

where

k = -7 ,..., 0, I , ..., 6 are carrier numbers (frequency channels) of the signals transmitted
by GLONASS satellites in the Ll sub-band;

fot = | 602 MHz; and
Af, = 6.5625 ,rr.

Carrier frequencies shall be coherently derived from a common on-board time/frequency
standard. The nominal value of frequency, as observed on the ground, shall be equal to
5.0 MHz. The carrier frequency of a GLONASS satellite shall be within t2 x l0-ll
relative to its nominal value ft.

Note l.- The nominal values of carrier frequencies for carrier numbers k are given in
Table B-16.

Note 2.- For GLONASS-M satellites, the L2 channel of standard accuracy (CSA)
navigation signals will occupy the I 242.9375 - I 251 .6875 MHz t4.5 I I MHz bandwidth
as defined by the following expressions:

fp=.foz+k/fr,

.foz = 1 246 MHz; lfz = 0.4375 MHl

For any givenvalue oJkthe ratio ofcaruier/requencies ofLl and L2 sub-bands will be

equal to:

_a

ifiz
f,
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Table B-16. Ll carrier frequencies

Csricrma$cr
I$.

(see 3-2.1"3.4)
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I 603.1250
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4

3

2

I

0

-l
-3

-3
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I

9.6.1.1.2 Carrier phase noise. The phase noise spectral density of the unmodulated carrier shall be

such that a phase locked loop of l0 Hz one-sided noise bandwidth provides the
accuracy of carrier phase tracking not worse than 0. I radian ( I sigma).

9.6.1.1.3 GLONASS pseudo-random code generation. The pseudo-random ranging code shall be a

sll-bit sequence that is sampled at the output ofthe seventh stage ofa 9-stage shift
register. The initialisation vector to generate this sequence shall be "lllll1l11". The
generating polynomial that corresponds to the 9-stage shift register shall be:

G(x) = I + x5+ xe'

9.6.1 .1.4 Spurious emissions. The power of the transmitted RF signal beyond the GLONASS
allocated bandwidth shall not be more than -40 dB relative to the power of the

unmodulated carrier.
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Note I.- GLONASS satellbes launched during 1998 to 2005 and beyond use filters
limiting out-of-band emissions to the harmful interference limtt contained in
Recommendation ITU-R RA.769 for the I 660 - I 670 MHz band.

Note 2.- GLONASS sarellites launched beyond 2005 use fihers limiting our-of-band
emissions to lhe harnful
interference limit contained in Recommendation ITU-R R4.769 for rhe 1 610.6 - I 613 .8

MHz and I 660 - I 670 MHz bands.

9.6.1.1.5 Correlation /oss. The loss in the recovered signal power due to imperfections in the
signal modulation and waveform distortion shall not exceed 0.8 dB.

Note.- The loss in signal power is the difference between the broadcast power in a 1.022
MHz bandwidth and the signal power recovered by a noise-free, loss-free receiver with
1-chip correlator spacing and a I .022 MHz bandwidth.

9.6.1.2 DATA STRUCTURE

9.6.t.2.t General. The navigation message shall be transmitted as a pattern of digital data which
are coded by Hamming code and transformed into relative code. Structurally, the data
pattern shall be generated as continuously repeating 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.

9.6.1-2.2 Superframe structure. The superframe shall have a 2.5-minute duration and shall consist
of 5 frames. Within each superframe a total content of non-immediate information
(almanac for 24 GLONASS satellites) shall be transmitted.

Note.- Superframe structure with indication of frame numbers in the super/rame and
string, numbers in the frames is shown in Figure B-7.

9.6.t.2.3 Frame structure.Each frame shall have a 30-second duration and shall consist of l5
strings. Within each frame the total content of immediate information (ephemeris and
time parameters) for given satellite and a part of non-immediate information (almanac)
shall be transmitted. The frames I through 4 shall contain the part of almanac for 20
satellites (5 satellites per frame) and frame 5 shall contain the remainder of almanac for
4 satellites. The almanac for one satellite shall occupy two strings.

Note.- Frame structures are shown in Figures B-8 and B-9.

9.6.l.2.4String structure. 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 string) 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:

I l I l 1000 l l0 l I 101010000100101 l0
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During the first 1.7 seconds within this 2-second interval (in the beginning of each string)
85 bits of data (each data bit of a20 milliseconds duration) shall be transmitted in bi-
binary format. The numbers of bits in the string shall be increased from right to left.
Along with information bits (bit positions 9 through 84) the check bits of Hamming code
(KX) (bit positions I through 8) shall be transmitted. The Hamming code shall have a

code length of 4. The data of one string shall be separated from the data of adjacent
strings by time mark (MB). The words of the data shall be registered by MSB ahead. In
each string bit position,85 shall be an idle chip ("0") and be transmitted first.

9.6.1.2.4.1 Strings I through 4. The information contained in strings 1 through 4 of
each frame shall correspond to the satellite from which it is transmitted.
This information shall not be changed within the superframe.

Strings 5 through 15. Strings 5 through 15 of each frame shall contain GLONASS
almanac for 4 or 5 satellites. The information contained in the fifth string shall be
repeated in each frame of the superframe.

Note.- String structure is given in Figure B-10

9.6.I.3 DATACONTENT

9.6.1.3.1 Ephemeris and time parameters. The ephemeris and time parameters shall be as

follows:

= the string number within the frame;

lk- the time referenced to the beginning of the frame within the current day. It is
calculated according to the satellite time scale. The integer number of hours
elapsed since the beginning of the current day is registered in the 5 MSBs. The
integer number of minutes elapsed since the beginning of the current hour is
registered in the next 6 bits. The number of 30-second intervals elapsed since the
beginning of the current minute is registered in the one LSB. The beginning of
the day according to the satellite time scale coincides with the beginning of the
recurrent superframe;

tr = the time interval within the current day according to UTC(SU) + 03 hours 00
min. The immediate data transmitted within the frame are referred to the middle
of to. Duration of the time interval and therefore the maximum value of to

depends on the value ofthe flag Pl;
y"(tb) = the relative deviation of predicted carrier frequency value of n-satellite from the
nominal value at the instant t., i.e.
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En = an indication of the "age" of the immediate information, i.e. a time interval
elapsed since the instant of its calculation (uploading) until the instant tb for n-satellite;

B, = the health flag. Values greater than 3 indicate the fact of malfunction of given
satellite;

Pl=
tb

a flag indicating the time interval between the current and previous value of the

parameters in minutes as shown:

Pl Time interval between adjacent values of to in minutes
0
I
l0
ll

0
30
45
60

P2 - a flag indicating whether the value of to is odd or even. A value of "1"
indicates a 30-minute interval of service information transmit (,0 = 1,3,5 ...), a value of
"0" indicates a 60-minute interval of service information transmit (tr = 2, 6, 10 ...);

P3 = aflag indicating the number of satellites for which an almanac is transmitted
within a given frame. "l" corresponds to 5 satellites and "0" corresponds to 4 satellites;
and
Aln = thg time difference between the navigation RF signal transmitted in L2 sub-band

and navigation RF signal transmitted in Ll sub-band by given satellite:

Atn=tr,-1r,
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where t's, tr2 are the equipment delays in L1 and L2 sub-bands respectively, expressed in
units of time.

9.6.1.3.2 Ephemeris and time parameters. The ephemeris and time parameters shall be
as indicated in Table B-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 "l" shall correspond to the "-" sign.

9.6.1.3.3 Arrangement of the ephemeris and time parameters. Arrangements of the
ephemeris and time parameters within a frame shall be as indicated in Table
B-18.

9.6.1.3.4 Almanac parameters. The almanac parameters shall be as follows

A = an index showing relation of this parameter with the almanac;

Mnn = an index of the modification of nA-satellite: "00" indicates GLONASS
satellite, and "01" indicates GLONASS-M satellite;

rc = the GLONASS time scale correction to UTC(SU) time. The correction rc is
given at the instant of day NA;

NA = the calendar day number within the 4-year period beginning since the leap
year. The correction rc and other almanac data (almanac of orbits and almanac
of phases) relate to this day number;

nA

H^n

tr^n

= the slot number occupied by n-satellite;

= the channel number of a carrier frequency ofnA-satellite (Table B-16);

= the longitude of the first (within the NA-day) ascending node of nA-satellite
orbit in PZ-90 coordinate system;

t*^n = the time of the first ascending node passage of nA-satellite within NA-day;
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Table B-17 Ephemeris and time frames
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Table B-18. Arrangements of the ephemeris and time parameters within the frame
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9.6.1 .3.SPartition and coding of almanac parameters. The GLONASS almanac,
transmitted within the superframe, shall be partitioned over the superframe,
as indicated in Table B-19. The numeric values of almanac parameters shall
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. The almanac parameters shall be coded as indicated in Table B-20.

9.6.1 .3.6 Anangement of the almanac parameters. Arrangement of the almanac words
within the frame shall be as indicated in Table B-21 .

9.6.1.4 CONTENT AND STRUCTURE OF ADDITIONAL DATA TRANSMITTED BY
GLONASS-M SATELLITES

9.6.1 .4.1 Letter designation of additional data. ln addition to the GLONASS data,
GLONASS-M satellites shall transmit the following additional data as

indicated in Table B-17-A:

n - an index of the satellite transmitting the given navigation signal: it corresponds to a

slot number within GLONASS constellation;

ln - health flag for n-th satellite: "0" indicates the n-th satellite is healthy, "l" indicates
the malfunction of the n-th satellite;

Bl - coefficient to determine AUTI: it is equal to the difference between UTI and UTC
at the beginning of the day (NA), expressed in seconds;

82 - coefficient to determine AUTl: it is equal to the daily change of the difference
AUTI (expressed in seconds for a mean sun day). These coefficients shall be used to
transform between UTC(SU) and UTI:
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AUTI= UTC(SU) - UTl,

Where

UTI - Universal Time referenced to the Mean Greenwich Meridian (taking
account of Pole motion),

UTC(SU) - Coordinated Universal Time of the Russian Federation State
Standard,

AUTI= Bl + 82 x (NT - NA),

KP - notification of a forthcoming leap second correction of UTC (tl s) as

shown
KP UTC second correction data
00 No UTC correction at the end ofthe curent quarter
0l UTC correction by plus I s at the end of the current quarter
I I UTC correction by minus I s at the end of the current quarter

Note.- GLONASS system timescale correction is usually performed once a year at
midnight 00 hours 00 minutes 00 seconds in accordance with the early notification of the
International Time Bureau (BIHIBIPM) at the end of a quarter:

from 3l December to I January - first quarter,

from 3l March to I April - second quarter,

Jrom j0 June to I July - third quarter,

from 30 September to I October - fourth quarter

NT - current date, calendar number of the day within the four-year interval starting
from I January in a leap year;

Note.- An example of NT transformation into the common form of current data
information (dd/mm/yy) is presented in ANS Technical Standards Part II, Vol I,
Attachment D - 4.2 .7 .1 .

N4 - four-year interval number starting from 1996;

FT - a parameter that provides the predicted satellite user range accuracy at time tb.
Coding is as indicated in Table B-17-B;

M - type of satellite transmitting the navigation signal. 00 refers to a GLONASS
satellite; 0l refers to a GLONASS-M satellite;

P4 - flag to show that updated ephemeris parameters are present. "l" indicates that an

updated ephemeris or frequency/time parameters have been uploaded by the control
segment;

Note.- Updated ephemeris or frequencyltime information is transmitted in the next
interval after the end of the current interval tb.
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P - technological parameter of control segment indicating the satellite operation mode
in respect of time parameters:

00 - rc parameter relayed from control segment, IGPS parameter relayed from
control segment;

01 - tc parameter relayed from control segment, IGPS parameter calculated
on-board the GLONASS- M satellite;

l0 - tc parameter calculated on-board the GLONASS-M satellite; IGPS
parameter relayed from control segment;

I I - tc parameter calculated on-board the GLONASS-M satellite; IGPS
parameter calculated on- board the GLONASS-M satellitei

IGPS - correction to GPS time relative to GLONASS time:

where

AT is the integer part, and IGPS is the fractional part of the difference between the
system timescales expressed in seconds.

Note.- The integer part LT is determinedfrom the GPS navigation message by the user
receiver.

MAn - type of satellite nA: coding "00" indicates a GLONASS satellite, coding "01"
indicates a GLONASS-M satellite.

9.6.l.4.2Additional data parameters. Additional data parameters are defined in Tables B-
l7-A to B-18-A.

9.6.1 .4.3 Location of addirional data words within GLONASS-M navigation message.The
required location of additional data words within the GLONASS-M
navigation message is defined in Table B-18-A.
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Table B-17-A. Additional data parameters
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2
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5

4

2
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2

n
2

o

t
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B2

KP
tlr
N{
Fr
M
P4

P

T{rs

Ils.

0b3l
0;l
10"9

(-4.5b3.r) x tft
0ro3

0rol16l
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0tol
0;l

00.0t.r0.1 I
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0b3

Ilmsioolor
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IXmfudes
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Dimsilbcr
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rtcodo
Dimriodcsr

Table 8-17-8. f"T word coding
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2
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4
5

7
t0
t2
l4
t6
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&
12l'
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0
I
2
3

4
5

6
7

8

I
l0
1l
t2
l3
t4
l5 Notuscd
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Table B- I 8-A. Location of additional data words within the GLONASS-M navigation
message

UIad l,ftubcr ofti!
Seirydasiftitrtu

sEGrErc BirEd.rrrittbfu ltiog

5

I
tr

t

BI
B2

KP
Nr
N.
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t0
2

ll
5

4
2

I
2

22
2

4.19.v.49.64
5.7.9. ll, 13, 15,20.
22"24.26.28,30, 35.

37. 39. 41.43. 45. 50.

52.54. 56. 58.60,
65,67,69.71.73.75

3. 18.33.48.63
7a (wi6iattc ruperfu)
74 (rilithro 0tc supatrme)
74 (withhth. srrpeduc)

4.t9.y.49.&
5.20.35. 50.65
4,t9,34.49,64
4.19.y.49.64
4. t9.34.49.64
3. 18.33.48.63
5. 20.35. 50.65
6.8. 10, 12. 14

ll-15
9

65

70- 80

60- 69

58-59
t6- 26

32-)6
30-33
9- l0

34

66-67
l0-3t
78-n

Table B-19. Almanac partition within the superframe

Frecrml.ct
$'ilhh6. sqcrAan

SdGlliE nta*itrr, fu' whlt rlro ie
tnonrir*d wittir givlo aeru

I
2
3

4
5

1ro5
6to l0
11to 15
16 to 20
2L to24
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Prrulg
Nud.t
ofUs

Scrlcfecbr
(IsB)

Table B-20. Almanac parameters coding

Eftaftttugt thit
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2
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5

5
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7
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I

I
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I
1

I
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I

0to3
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Ito146l
lw24
0to31
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0 to 44 100

$.067
$.6 x ld
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0 ro 0.03
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0tol

dimcosiodcss
sccoods

days

dineosioriless
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scoi-circles

sccoods

scoi-circles

scconddrerolrrim
sccoddremlutiml
dimcimless
scmi-circles

sccoods

dimcosiooless

Table B-21. Arrangement of almanac parameters within the frame

Perec.icr
Ithrdlr
of bti

StringEfr
sithiathfr@
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wilhh th. !'triog

MA.
T(

NA
Ao

HAn
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42-69
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22-43
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2
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t0.
10,

6.8. 12. t4

6. 8.
'1.9.

6. 8.
7,9,
6.8.
7.9.
't,9.

6.8.
1.9.
6. 8.
6.8.

12. L4

13. 15

t2. L4

13. 15

12, 14

13. l5
13. 15

12. t4
13. 15

12. 14

12. t4
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alruw ptw**t h I lk and I 5rt sfings of Srt frtalr,a
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9.6.2 DEFINITIONS OF PROTOCOLS FOR DATA APPLICATION

Note.- This section defines the inter-relationships of the data broadcast message
parameters. It provides definitions of parameters that are not transmitted, but are used
by either or both non-aircraft and aircraft elements, and that define terms applied to
determine the navigation solution and its integrity.

T able B-22. Parity Checking algorithm

b85. b84. ..., blO. b9 re rhe &ta bits (poeitioo 9 to 85 in the striag):

pl, p2. ..., 08 ue tte chcck bits of dre llrming codc (positos I o 8 m the strmg);

cl, c:, .... c?, c! a(e the checksurs gecentcdusurg tte following:

cr=00EhL"a:
i = 9. 10. 12. 13. 15. 17. 19.20.72.24.26.28.30, 12, 34. 15. 37, 39, 41. 41. 45, 47.49. 51. 53,

55. 57. 59. 61. 63. 65. 66. 68. 70. 72.74.76.78. 80. 82. 84.

q = 0:0 [4bL.a:j = 9, ll. 12, 14. 15. 18. 19.21.22.25.26.29.30.33,34.16.37.40,41.44,45.48,49.52. 53.

56, 57, 60, 6t.il.65.67.68.7t.72.75.76.79. 80. 83. 84.

cr=FrO[4\L.a:
[ = 10, ll. 12. 16. 17. 18. 19.23.24-25.26, 31,32. ]3. 34. 18.39.40.41.46.47. 48,49. 54, -55.

fi.57.62.63.64.65. 69, 70. 71. 72.77.78.79. 80.85.

q=0rOErbL"a:
t = 13,14,15.16.17.18.19,27,28.29.10,31.12.31.34.42.43.44.45.46.47.48,49.58.59.

ffi , 61. 62, 61. 64" 65" 7 3. 7 4. 7 5, 7 6. 77. 7 8. 79, 80.

cs =9s @ [Lb,L.r:
m = 20.21.n.8,24.25.26.21.28.29.10,31,32.33,34,50. r1,52.53.54,55.56.57. 58,59.

60. 61. 62, 63. 64.65.81. 82. 83. 84. 85.

c6=Fo0[Lhl-d:
D = 15.36.37.18.39.40.41.42,43.44.45.$.47.48.49.50.51.52.53.54,55.56.57.58.59.

60.61.62. 63. 64.65.

cr = Fr e [& \hoa:
p = 66,67.68,69.70.71.72.71.74.75,76.77.78,79,80. 81, 82, 83, 84, 85

cz= E FJ -a: @ [E hL.c:
t,2. 3.4. 5.6. 7. 8

r = 9, 10. I l. !2, 13, 14. 15. 16, 17. 18, 19. 20. 21.22.23.24.25.26.27.28.29.10. 31. 12. 33,

34. t5. 16 37,18.19, 40.41,42,41.44.45.46,47"4,49,50. 51,52, 53.54.55.56.57.58.
59,60.61, 62.63.64.65,66,67.68. 69.70.71.72,73.14.75,76.77.78, 79,80,81, 82. 83.

84.85.
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9.6.2.1 Parity checking algorithm for data verification. The algorithm shown in Table
B-22 and as detailed below is used to detect and correct an error of I bit within
the string and to detect an error of 2 or more bits within a string.

9.6.2.1.1 Each string includes the 85 data bits where the 77 MSBs are data chips (b85,
b84, ..., bl0, b9), and the 8 LSBs are the check bits of Hamming code length
ofa (88, B 7, ..., p 2, p l).

9.6.2.1 .2 To correct l-bit errors within the string the following checksums are

generated: (cI,c2, ...,c7), and to detect 2-bit errors (or more-even-number-of-
bits errors) a checksum cX is generated, as shown in Table B-22. The
following is used for correcting single enors and detecting multiple errors:

a) A string is considered correct ifall checksums (c1,..., c7, and cX) are

equal to "0", or if only one of the checksums (cl, ..., c7) is equal to "l"
and c2 is equal to " 1 ".

b) If two or more of the checksums (cl, ..., c7) are equal to "1" and cX is
equal to "l", then character "bicor" is corrected to the opposite character
in the following bit position:

"i"o," = c, c6c5 c4 ca c2 cr + 8 - K, provided that "i"o." s 85,

where "crc6 c5 c4 cl c2 c," is a binary number generated from the checksums
(c,, ..., cr) with cl being the LSB and c7 being the MSB. K is the ordinal
number ofthe most significant checksum not equal to "0".

If icor > 85, then there is an odd number of multiple errors, and the data shall
be rejected.

c) If at least one of the checksums (cl, ..., c7) is equal to "1" and cX is equal
to "0", or if all checksums (cr, ..., cr) are equal to "0" but czis equal to "1",
then there are multiple errors and the data shall be rejected.

9.6.2.2 SATELLITE C LOC K C O RRECTIO N P ARAMETERS

9.6.2.2.IGLONASS system time is determined as:

tcLoNr.ss = tk + tn(tb) - yn(tb) (tk - tb)

where tk, rn(tb), yn(tb) are parameters described in 9.6.1.3.1

9.6.2.2.?GLONASS time is related to National Time Service of Russia (UTC(SU)) time
as indicated below:

ttncrsu) = tcuorulss + t"- 03 hours 00 minutes
where

tc is a parameter described in 9.6.1.3.4 and
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03 hours 00 minutes is continuous time shift caused by difference between Moscow time
and Greenwich time.

9.6.2.3 SATELLITEPOSITION

9.6.2.3.1 The current satellite position is defined using ephemeris parameters from
GLONASS navigation, as indicated and in Table B-17.

9.6.2.3.2 Recalculation of ephemeris from instant tb to instant ti within the interval (lril
= lti - tbl < l5 minutes) is performed using a technique of numeric integration
of differential equations describing the motion of the satellites. In the right-
hand parts of these equations the accelerations are determined using the
gravitational constant p and the second zonal harmonic of the geopotential J20
which defines polar flattening of the earth, and accelerations due to luni-solar
perturbation are taken into account. The equations are integrated in the PZ-90
(3.2.5) coordinate system by applying the Runge-Kutta technique of fourth
order, as indicated below:

9: vx
dy

dJ: vv
dx

Yz
ds
da

*= -5. -l*F" (,-5)..* - 2oV, + i

{i = -+, -lr;Tr(, - al *.,y + 2ov, + eal r :. f \ r/

*=-i,-irf'(,-5)-,
whcre

= E+v17
= earih's umversal grrritatiooal consnnt (398 600.44 , lOe mrls:);

= E ro(rcci-axis(6378 116n):
= sccmd zonal harmic of rhc gcopoledrl (l 82 625.7 x l0-1: aA
= earth's routimratc(7.2921l5 x 105radhnJs).

Cocdioatts n (b). y.(tb). 4(b), md klocity ye(to( coryotcats& (tr) = V.. y. ($) = Vr, a (t) = % re ortial coodruons fa
the iategatioc Accclerarroos drlt to hmr-solar pernrbation r. (h), i; (tt), a (t") aft coo$aot on Se rorcgrrton mtrral

=15 mrstes.

t
ll
q
Jro

o
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9.6.3

9.6.3.1

9.6.3.1.1

AIRCRAFI ELEMENTS

GNSS (GLONASS) RECEIVER

Satellite exclusion. The receiver shall exclude any satellite designated
unhealthy in the GLONASS navigation message.

9.6.3.1 .2 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.

9.6.3.t .3 Doppler shift. The receiver shall be able to compensate for dynamic Doppler
shift effects on nominal GLONASS signal carrier phase and standard code
measurements. The receiver shall compensate for the Doppler shift that is
unique to the anticipated application.

9.6.3.1 .4 Resistance to interference. The receiver shall meet the requirements for
resistance to interference as specified in these Regulations.

9.6.3.1.4.1 Intrasystem interference. When receiving a navigation signal with frequency
channel k = n, the interference created by a navigation signal with frequency
channel number k = n - I or k = n + I 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 transmitting these signals are simultaneously
located in user's visibility zone.

Note.- The intrasystem interference is the intercorrelation properties of the ranging
pseudo-random signal with regard to frequency division multiple access.

9.6.3.1.5 Application of clock and ephemeris data. The receiver shall ensure that it is
using the correct ephemeris and clock data before providing any position
solution.

9.6.3.1.6 Leap second correction. Upon GLONASS time leap second correction (see

9.6.1.3.1, to) the GLONASS receiver shall be capable of:

a) generating a smooth and valid series of pseudo-range measurements; and

b) resynchronizing the data string time mark without loss of signal tracking

9.6.3.1.6.1 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 00 hours 00 minutes 00 seconds UTC):
and

b) utilize the updated UTC time together with the new ephemeris
(transmitted after 00 hours 00 minutes 00 seconds UTC).
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9.6.4

9.6.4.1

TIME

For the GLONASS-M satellites, the navigation message shall contain the data
necessary to relate UTC(SU) time to UTl. GLONASS time shall be maintained
to be within I millisecond of UTC(SU) time after correction for the integer
number of hours due to GLONASS control segment specific features:

I h,.o*or.- (UTC + 03 hours 00 minutes) I < I 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 I
microsecond.

Note I .- The timescales of GLONASS satellites are periodically compared with central
synchroniTer time. Corrections to the timescales of GLONASS satellites relative to
GLONASS time and UTC (SU) time are compured at the GLONASS ground-based
control contplex and uploaded to the satellites twice per day.

Note 2.- There is no integer-second dffirence between GLONASS time and UTC time.
The GLONASS timescale is periodically corrected to integer number of seconds

simultaneously with UTC corrections which are performed according to the Bureau
International de l'Heure notification (leap second correction). These corrections are
performed at 00 hours 00 minutes 00 seconds UTC time at midnight at the end of a
quarter of the year. Upon the GLONASS leap second correction the time mark within
navigation message changes its position (in a continuous timescale) to become
synchronized vvith 2-second epochs of corrected UTC timescale. GLONASS users are
notirted in advance on these planned corrections. For the GLONASS-M satellites,
noilrtcation of these corrections is provided to users via the navigation message
parameter KP.

9.6.4.2 Accuracy of mutual satellite timescales synchronization shall be 20 nanoseconds
( I sigma) for GLONASS satellites and 8 nanoseconds ( 1 sigma) for GLONASS-
M satellites.

9.6.4.3 The correction to GPS time relative to GLONASS time (or difference between
these timescales) broadcast by the GLONASS-M satellites, IGPS, shall not
exceed 30 nanoseconds (l sigma).

Note.- The accuracy of rGPS (30 ns) is deterntined with reference to the GPS SPS

coarse acquisition signal and may be refined upon completion of trials of the GLONASS
system us ing G LO N AS S- M sate ll ite s.

9,6.5 COORDINATESYSTEM

9.6.5.1 PZ-90 (Parameters oJ common terrestrial ellipsoid and gravitational field of
the earth 1990).The GLONASS broadcast ephemeris shall describe a position
of transmitting antenna phase centre of a given satellite in the PZ-90 earth
centred earth-fixed reference frame.
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9.6.5.2 CONVERSION BETWEEN PZ-90 AND WGS-84

9.6.5.2.1The following conversion parameters shall be used to obtain position
coordinates in WGS-84 (version G1674) from position coordinates inPZ-90
(Version PZ-90.11):

lll t 1 0.0097 x t0-e 0J036 x 10-'l lxl t0.0031lrl = l-o.oogz x r0-, 1 0.0e21x r0-rlx lvl + lo.oorl
[zJ*rr-r.1-0.2010x1040.0921x10-e 1 J Lz]or-o IoJ
Note I .- X, Y and Z are expressed in metres. The dffirence between versions WGS-84
(G1674) and
PZ-90 (PZ-90.1 I) is not significant with respect to operational requirements.

Note 2.- Guidance material on conversion between PZ-90 and WGS-84 is provided in
ANS Technical Standards Part II, Vol l, Attachment D, section 4.2.9.3.

9;l Combined use of GPS and GLONASS

9,7.1 AIRCRAFTELEMENTS

9.7.1.t Combined GNSS receiver. The combined GNSS receiver shall process signals
from GPS and GLONASS in accordance with the requirements specified in
9.5.3.1, GPS (GNSS) receiver, and 9.6.3.1, GLONASS (GNSS) receiver.

9.7.1.1.1 Resistance to interference. The combined GNSS receiver shall meet the
individual requirements for GPS and GLONASS as specified in these
Regulations.

9.7.1.2 Anrenna(e). GPS and GLONASS signals shall be received through one or more
antennae.

Note .- Performance characteristics o/ GNSS receiver antennae are defined in 3 .8.

9.7.1.3 Conversion between coordinate systems. Position information provided by a

combined GPS and GLONASS receiver shall be expressed in WGS-84 earth
coordinates.

9.7 .l .3.1 The GLONASS satellite position, obtained in PZ-90 coordinate trame, shall be
converted to account for the differences between WGS-84 and PZ-90, as
defined in 9.6.5 .2 .

9.7.1.4 GPSIGLONASS time. When combining measurements from CLONASS and
GPS, the difference between GLONASS time and GPS time shall be taken into
account.

9.7.1 .4.1. GPS/GLONASS receivers shall solve for the time offset between the core
constellations as an additional unknown parameter in the navigation solution
and not only rely on the time offset broadcast in the navigation messages.
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9.8 Airc raft-based augmentation sy stem ( ABAS )

Guidance on ABAS is given in Attachment D in the ANS Technical Standards Part II,
Volume I

9.9 Satellite-based augmentation system (SBAS)

9.9.1 GENERAL

Note.- Parameters in this section are defined in WGS-84.

9.9.2 RFCHARACTERISTICS

9.9.2.1 Carrier Jrequency stability. The short-term stability of the carrier frequency
(square root of the Allan Variance) at the output of the satellite transmit antenna
shall be better than 5 x l0-rr over I to l0 seconds.

9.9.2.2 Carrier phase noise. The phase noise spectral density of the unmodulated carrier
shall be such that a phase locked loop of l0 Hz one-sided noise bandwidth is
able to track the carrier to an accuracy of0.l radian (l sigma).

9.9.2.3 Spurious emissions. Spurious emissions shall be at least 40 dB below the
unmodulated carrier power over all frequencies.

9.9.2.4 Code/carrier frequency coherence. The short-term (less than l0 seconds)
fractional frequency difference between the code phase rate and the carrier
frequency shall be less than 5 x l0-rr (standard deviation). Over the long term
(less than 100 seconds), the difference between the change in the broadcast code
phase, converted to carrier cycles by multiplying the number of code chips by I
540, and the change in the broadcast carrier phase, in cycles, shall be within one
carrier cycle (standard deviation).

Note.- This applies to the output of the satellite transmit antenna and does not include
code/carrier divergence due to ionospheric refraction in the downlink propagation path.

9.9.2.5 Correlation loss. The loss in the recovered signal power due to imperfections in
the signal modulation and waveform distortion shall not exceed I dB.

Note .- The loss in signal power is the difference between the broadcast power in a 2.046
MHz bandwidth and the signal power recovered by a noise-free, loss-free receiver with
I -chip correlator spacing and a 2 .046 MHz bandwidth.

9.9.2.6 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 t2-20 seconds.

9.9.2.7 Code/data coherence. Each 2-millisecond symbol shall be synchronous with
every other code epoch.

9.9.2.8 Message synchronization. The leading edge of the first symbol that depends on
the first bit of the current message shall be broadcast from the SBAS satellite
synchronous with a I -second epoch of SNT.

9.9.2.9 Convolutional encoding. A 250-birper-second data stream shall be encoded at a

rate of 2 symbols per bit using a convolutional code with a constraint length of 7
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to yield 500 symbols per second. The convolutional encoder logic arrangement
shall be as illustrated in Figure B-11 with the G3 output selected for the first half
of each 4-millisecond data bit period.

9.9.2.10 Pseudo-random noise (PRN) codes. Each PRN code shall be a I 023-bit Cold
code which is itself the Modulo-2 addition of two I 023-bit linear patterns, Gl
and G2i. The G2r sequence shall be formed by delaying the G2 sequence by the
associated integer number of chips as illustrated in Table B-23. Each of the G I

and G2 sequences shall be defined as the output of stage l0 of a l0-stage shift
register, where the input to the shift register is the Modulo-2 addition of the
following stages of the shift register:

a) Gl: stages 3 and 10; and

b) G2: stages 2,3,6,8,9 and l0

The initial state for the Gl and G2 shift registers shall be "ll I I ll I I ll"

Table B-23. SBAS PRN codes

PRN G2 delay
code number (chips)

Firsr l0 SBAS chips
(LeJtmost bit represents first
transmitted chip, binary )
0l l0l I l00l
0l0l0t I I l0
I 101001000
I l0l l00l0l
0001 l 10000
0l I 1000001
000000101 I
10001 r0000
00 l0 100 l0 I
0l0l0l0t I I
1100011110
l0l010l 111

00001001 l0
10001 I l00l
0r0l I10001
10000lllll
0lll1l1000
101l0t0l I I
I100111010
0001010100
00llll0ll0
000101 l0l I
01001l0l0l
01ll00llll
0010001 I I l
1lll1000l0
l100010010
l 100100010

120
t2t
r22
t23
t24
t25
t26
127

128
t29
130

r32
133

134
135

r36
r37
138

139

140

t4t
142
t43
144
145
146
t47
148

145
175
52
2t
237
235
886
65',7

634
'162

355
r76
603
130

359
595
68
386
797
456
499
883
307
t27
2tt
121
lt8
163
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149
150

l5l
152
153

154
155

156
t5'7
158

628
853
484
289
811

202
t02t
463
568
904

0101010011
0l l l0l I110
l110011101
0001011110
00101l10l l
10000101 l0
000000001 I
lll0lllooo
0l10010100
0010011101

9,9.3 DATA STRUCTURE

9.9.3.1 Format summary. All messages shall consist of a message type identifier, a

preamble, a data field and a cyclic redundancy check as illustrated in Figure B-
12.

9.9.3.2 Preamble. The preamble shall consist of the sequence of bits "0l0100ll
l00ll0l0 11000110", distributed over three successive blocks. The start of
every other 24-bit preamble shall be synchronous with a 6-second GPS

subframe epoch.

9.9.3.3 Message type identifier. The message type identifier shall be a 6-bit value
identifying the message type (Types 0 to 63) as defined in Table B-24. The
message type identifier shall be transmitted MSB first.

9.9.3.4 Data field. The data field shall be 2l2bits as defined in 9.9.6. Each data field
parameter shall be transmitted MSB first.

9.9.3.5 Cyclic redundancy check (CRC). The SBAS message CRC code shall be
calculated in accordance with 9.13.

9.9.3.5.1 The length of the CRC code shall be k = 24 bits

9 .9.3.5.2 The CRC generator polynomial shall be

G(x) =12a+ x'3 + x'8 + x'' + x'o+x" + xto+ x' + xu+ xt+ xo+ x3 + x + I
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Table B-24. Broadcast Message types

!'{essegp tpe Cmffi

0
I

2to5
6

7

8

9
10

il
t2

13 to 16

t7
t8

19 to 23

24

25
26

27
28

29 to 6l
62
63

'Do Not Use- (SBAS t€st mode)
PRNmask
Fast correctioas
Integnty information
Fast correctioo deppadatioo &ctor
Spre
GEO raaging filactim parrmetcrs
Degradatioa pdamct€rs
Spre
SBAS netwmk timcruTc offset parametets
Spre
GEO satellite elrnrness
Ionospheric gnd poirt ruasks

Spare
Mxed fi*lhog.-tcrm satcllite err6 corrcctioos

Long-term satrllite eror coarecdoms
Ionospherrc del,ay c orrectioas
SBAS senice rrrcssage

Clock<phffi is colariaoce matix
Spore

Resen-ed

Null message

9.9.3.5.3The CRC information field, M(x), shall be:

226

MG): I n\x226-i : mlx225 * m2xz2+ + ... + ilzzexo
i=1

9.9.3.5.4 M(x) shall 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 that ml corresponds to the first
transmitted bit of the preamble, and m226 corresponds to bit 212 of the data
field.

9.9.3.5.5 The CRC code r-bits shall be ordered such that rl is the first bit transmitted
and r24 is the last bit transmitted.
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9.9.4 DATA CONTENT

9.9.4.1 PRN mask parameters. PRN mask parameters shall be as follows:
PRN code number: a number that uniquely identifies the satellite PRN code and related
assignments as shown in Table B-25. PRN mask:210 PRN mask values that correspond
to satellite PRN code numbers. The mask shall set up to 5l of the 210 PRN mask values.

Note.- The first transmitted bit of the PRN mask corresponds to PRN code number l

Table B-25 PRN code number assignments

PRN code mrabcr Assig!*l

| -17
38-61

62 - ttg
120 - 138

139 - 210

GPS
GLONASS slot aumberplus 37

Spre
SBAS
Spre

PRN code number
| -37
38-61
62 - trg
120 - r58
159 - 210

Assignment
GPS
GLONASS slot number plus 37

Spare
SBAS
Spare

PRN maskvalue: a bit in the PRN mask indicating whether data are provided for the

associated satellite PRN code number (l to 210).

Coding: 0 = data not provided
I = data provided

PRN masknumber: the sequence number (l to 51) of the mask values set in the PRN
mask.

Note.- The PRN mask number is " I " for the lowest satellite PRN number for which the

PRN mask value is " 1" .

Issue of data - PRN (IODP): an indicator that associates the correction data with a PRN
mask.

Note .- Parameters are broadcast in the following messages:

a) PRN mask (consisting of 210 PRN mask values) in Type I message
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b) PRN mask number in Type 24, 25 and 28 messages;

c) PRN code number inType l7 message; and
d) IODP in Type I to 5, 7 , 24, 25 and 28 messages.

9.9.4.2 Geostationary orbit (GEO) ranging function parameters. GEO ranging function
parameters shall be as follows:

to.GEo lhe reference time for the GEO ranging function data, expressed as the time after
midnight of the current day.

[XoYoZo]: the position of the GEO at time to.cEo

[X6Y6Z6]; the velocity of the GEO at time h.cEo

[XoYoZo]: the acceleration of the GEO at time h.GEo.

a6p: the time offset of the GEO clock with respect to SNT, defined at hcrn ..

acrt: the drift rate of the GEO clock with respect to SNT.

User range accuracy (URA): an indicator of the root-mean-square ranging error,
excluding atmospheric effects, as described in Table B-26.

Note.- All parameters are broadcast in Type 9 message.

Table B-26. User range Accurancy

UR.A .A,mtmc1'(m)

o
1

l
3
4
_5

6
7
8
9
10
lt
12
l3
14
15

?rn
4,8 ru
4ru

5.7 ur
8m

I1.3 m
l6m
32 ur
64 ur
118 rn
)56 ru
517 nr

I O24nl
2 O48 ur
4096m

'Do Not IJse"

Note.- URA values 0 to 14 are ttot used in the protocctls

Jor data application (3.5.5). Airborne receivers will not use

the GEO rang,ing function if URA indicates " Do Not
Use"(3.5.8.3).
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9.9.4.3 GEO almanac parameters. GEO almanac parameters shall be as follows:

PRN code number: see 3.5.4.1.

Health and staras.' an indication of the functions provided by the SBAS. The service
provider identifiers are shown in Table B-27.

Coding: Bit 0 (LSB) Ranging On (0) Off (l)

Bit I Precision corrections On (0) Off ( 1)

Bit 2 Satellite status and basic corrections On (0) Off ( 1)

Bits 3 Spare

Bits 4 to 7 Service provider identifier

Note .- A service provider ID of l4 is used for GBAS and is not applicable to SBAS .

[X6aY6aZ63l.'the position of the GEO tt time t"1.-"".

[XcAYcAZcA].'.' the velocity of the GEO at time t"1***.

t4.*"".'the reference time for the GEO almanac data, expressed as the time after midnight
of the current day.

Note.- All paranteters are broadcast inType 17 message.

9.9,4.4 SATELLIT E C O RRECTIO N B ROADCAST P ARAMETERS

9.9.4.4.L Longterm correction parameters shall be as follows:

Issue of data (lOD,): an indicator that associates the long-term corrections for the ith
satellite with the ephemeris data broadcast by that satellite.

Note I .- For GPS, the IODi matches the IODE and 8 LSBs of the IODC (9.5.3.1 .4 and
9.5.1.3.2.2).

Note 2.- For GLONASS, the IODi indicates a period of time that GLONASS data are to
be used with SBAS data. It consists of two fields as shown in Table B-28.

6xi; for satellite i, the ephemeris correction for the x axis.

6yi: for satellite i, the ephemeris correction for the y axis.

6zi.' for satellite i, the ephemeris correction for the z axis.

6aiy0: for satellite i, the ephemeris time correction.

6'"ri: for satellite i, ephemeris velocity correction for x axis.

6'yi: for satellite i, ephemeris velocity correction for y axis.
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6'zi: for satellite i, ephemeris velocity correction for z axis.

6ai,f/: for satellite i, rate of change of the ephemeris time correction.

ti,LT: the time of applicability of the parameters 6xi, 6yi, 6zi, 6ai,f0, 6x' i, 6y' i, 6z'i and

6ai,fl, expressed in seconds after midnight of the current day.

Velocity code: an indicator of the message format broadcast (Table B-48 and Table B-

49).

Coding: 0 = 6x' i,6y' i,6z'i and 6ai,fl are not broadcast.

[ = 6x' i,6y' i,6z'i and 6ai,fl are broadcast.

Note.- All paranreters are broadcast in Type 24 and 25 messages.

TableB-27. SBAS service provider identifiers

Idertifier Serrice peovidcr

0
1

2
1

4
5to13
14, t5

WAAS
EGNOS
MSAS

cAGAI.l
SDCM
Spre

Resen'ed

Table B-28. IODi for GLONASS satellites

tsB I-sB

Validity interval (5 bits) t^atcacy time (3 brts)

9.9.4.4.2Fast correction parameters shall be as follows:

Fast correction (FCi): 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 separate topospheric corrections (9.9.84.2 and
9.9.8.4.3).

Fast correction type identifier.' an indicator (0, I, 2, 3) of whether the Type 24 message

contains the fast correction and integrity data associated with the PRN mask numbers
from Type 2,Type 3, Type 4 or Type 5 messages, respectively.
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Issue of data-fast correction (IODFj): an indicator that associates UDREIis with fast
corrections. The index j shall denote the message type (i = 2 to 5) to which IODFj applies
(the fast correction type identifier +2).

Note.- The fast correction type identifier is broadcast in Type 24 messages. The FCi are
broadcast in Type 2 to 5, and Type 24 messages. The IODFj are broadcast in Type 2 to 6,

and Type 24 messages.

9.9.4.5 Fast and long-term correction integrity parameters. Fast and long-term
correction integrity parameters shall be as follows:

UDREI,: an indicator that defines the o2i.uDRE for satellite i as described in Table B-29.

Model variance of residual clock and ephemeris errors (o2,.uo*): the variance of a

normal distribution associated with the user differential range errors for satellite i after
application of fast and longterm corrections, excluding atmospheric effects and used in
horizontal protection level/vertical protection level computations (3.5.5.6).

Note .- All parameters are broadcast in Type 2 to 6, and Type 24 messages .

9.9.4.6 lonospheric correction parameters. Ionospheric correction parameters shall be

as follows:

IGP mask: a set of I I ionospheric grid point (IGP) band masks defined in Table B-30.

IGP band mas&.' a set of IGP mask values which correspond to all IGP locations in one of
the I I IGP bands defined in Table B-30.

Table B-29 Evaluation of UDREI,

TJDREL IU LUDTI

0
I
.|

3

4

-5

6
7
8
9
10

il
t2
13

t4
15

0.0520 m:
0.0924 uf
0.1444 rlr:
0.2830 m2

0.,1678 m2

0.8115 m:
12992rrr2
1.8709 m2

2.546s d
3.3260 m2

5.1968 m3

20.7870 lrr!
230 9661 nr:
2 078.695 or:

'Not Monitored"
"Do Not Use"
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IGP mask value: a bit indicating whether data are provided within that IGP band for the
associated IGP.

Coding: 0 = data are not provided

I = data are provided

Number of IGP bands: the number of IGP band masks being broadcast.

IGP band identifer: the number identifying the ionospheric band as defined in Table B-
30.

IGP block identifier: the identifier of the IGP block. The IGP blocks are defined by
dividing into groups of l5 IGPs the sequence of IGPs within an IGP band mask which
have IGP mask values of "1". The IGP blocks are numbered in an order of IGP mask
value transmission, starting with "0".

Validity interval (V): the time interval for which the GLONASS ephemeris data are
applicable (coded with an offset of 30 s) as described in Table B-3 L
Latency time (L): the time interval between the time the last GLONASS ephemeris has
been received by the ground segment and the time of transmission of the first bil of the
long-term correction message at the GEO(tltc) as described in Table B-32.

IODI.: an indication of when the kth IGP band mask changes.

IGP vertical delay estimate: an estimate of the delay induced for a signal ar I 575.42
MHz if it traversed the ionosphere vertically at the IGP.

Coding: The bit pattern "l 111l l l I l" indicates "Do Not Use".

GIVEIi: an indicator that defines the o2
i,GM as described in Table B-33.

Model variance of residual ionospheric errors (o2i,GIVE): the variance of a normal
distribution associated with the residual ionospheric vertical error at the IGP for an Ll
signal.

Note .- All parameters are broadcast in Type 18 and Type 26 messages .

Table B-30. IGP locations and band numbers

IGP locrm
Tlwisimr&rir

IGPbudd

Band0

180W 75S. 655. 55S. 50S" 45S. , 45N. 50N. 55N, 6tN. 75N, 8tN 1-28

tiSw 55S. 50S, 45S. ..,4rN. 50N, 55N 29-5t

r70w 75S. 655. 5iS. 50S. 45S. ..., 45N, 50N. 55N. 65N, 7tN 52-78

165W 55S, 50S,45S, ..., 45N, 50N. 55N 79 - l0l

l60w i5s. 655. 55S, 5US.45S. , 45N. 50N. 5tN, 6tN. 7tN 102 - t28

155 lU 55S, 50S. 45S,..., 4rN. 50N. 55N lD-151

l50w 75S. 655, 55S. 50S.45S, .... 45N. 50N. 5tN, 65N, 7tN 152 - t78

l45W 55S. 50S. 45S, .., 4tN, 50N, 55N 179-201

Baod I

140W 85S. 75S. 655. 55S. 50S. 4iS. . . 4N. 50N. 55N. 65N. i5N t-28
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IGPhcatiu
Tmissimrdain

IGPb@dEsk

l15 w 5is. 50s.45s. ....15ti. 50N. 55li 29-51

r30w 75S.655.555.50S.45S, .45N.50N.55}{. 65N. 75N 52-78

125 W 55S.50S.15S. .45N. 50N. 55N 79 - 10t

lt0 w 75S.655. 55S. 50S,45S. ... 45N. 50N.55N. 65N. 75N 102 - 128

lt5 \I 55S, ios 15S.. .45ti, 50N.55N 129 - l5l
ll0 w 75S.655. i5S. 50S,45S. ....15N, 50N. 55N. 65N. 75N 152 - 178

105 w i5s. 50s. 45s.....45tr. 50N. 55N 179 - 201

Band 2

100'fr 7-ss.655. -i5S. 50S,45S. .,..45N. 50N. 55N. 65N. 75N | -27

95W 5is. 50s.45s. ,. .151i. 50N. 55N 28-50

90w 75S.655. 55S. 50S,45S. ....45N, 501r. 55N 65N. 7ilJ.85N 5l -78

85 \1,' 55S. ios.45S. .45ti. 50N.55N 79 - l0l

80 1{ 75S.655.555. 50S,45S. ,.45N,50N. 55N. 65N. 75N 102 - 128

75W 55S. 50S. 1JS. ....451,[. 50N. 55N 129 - l5r

70 lV 75S. 6iS. 555. 50S. 45S. .... 45N. 50N. _55N. 6tN. 75N t52 - 178

65W 55S. 50S.45S. .. .451,i. 50N. 55N 179 - 201

B.rd 3

60w 75S. 655. 555. 50S. 45S. ... 45N. 50{. 55N. 65N. 75N | -27

55W 55S. 50S.45S. ....45N. 50N. 55N 28-50

50w 85S. 75S. 65S. 555, 50S. 155. . . 45N. 50N. 55N. 65N. 75N 5l -78

4iw 55S. 50S.4iS. ....45ti. 50N. 55N 79 - 101

40w 75S.6iS.55S. 5N.45S. ,." 45N.50N, 55N. 65N.75ti 102 - 128

15w 55S. 50S.15S.. .15If. 50N. 55N ll9 - l5l

30 1V 75S.6iS. 55S. 50S. 45S. .. .45N. ioN, 55N. 65N. 75N 152 - 178

liw 55S. 50S. 45S. ....451i. 50N. 55I; 1i9 - 201

Basd 4

l0w 75S. 6iS 55S. 50S. 45S. ,.. 45N, 50N, 55N. 65N. 75N | -27
15w 55S. 50S.15S. .. .4iN. 50N. 55N 28-50

l0w 75S. 6tS. 555. 50S, 455. ... 45N, 50N. 55N. 65N. 75N 5t -77

5W jis. 50s. 45s.. .. 45fi. 50N. 55N 78- lm
0 75S.6iS. 555. 50S. 45S. ....45N. 50N. 55N. 65N. 75N. 85N l0l - p8

5E 55S. 50S.15S. "...45ti. 50N. 5tN 129- 15r

l0E 75S.65S. 555. 50S.45S. . ..45N. i0N. 55N. 65N. 75N 152 - 178

t5E 55S. 50S.45S.....451i. 50N. 5tN 1i9 - 101

Bard 5

20E 75S. 6iS 55S. 50S, 45S. .... 45N. 50N. 55N, 65N. 75N | -21

25E 55S, 50S.15S. .... 15N. 50N, 55N l8-50
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IGP hdin
Troisilcdgb

IGPbodu&

30E 75S.655, 55S,50S.45S, . ..45N, 50N, 55N.65N, 75N 5r -'tl
35E i5s. 50s,45s. ...45N, 50N. 55N 78- t00

40E 85S. 75S. 655. 55S. 50S. 45S. ..., 45N. 50N, J5N, 65N. 75N l0l - 128

45E 55S. 50S, 45S..... 45N. 50N. 5iN 129 - 151

50E 75S. 655. 55S. 50S. 45S. .... 45N. 50tr. 55N, 65N. 75N 152 - 178

55E 55S. 

'0S.45S. 
.... 4tN, 50N. 55N 179 - 201

Bmd6

@E 75S.655, 55S. 50S.45S.....45N.501.1. 55N. 65N. 7tN r-27
65E 55S, 50S.45S. ...,4JN.50N, 55N 28-50

70E i5s. 655. 55S, 50S. 45S. .... 45N. 50N. 55N, 65N. 75N 5l -77

75E 55S. 50S.45S, ....4rN. 50N. 55N 78 - 100

80E 75S. 655. 55S. 50S. 45S. .,. 45N. 50N. 55N. 65N. 75N 101 - 127

85E 55S. 50S. 45S. ... 45N. 50N. 55N 12J - 150

ME 75S. 655. 55S, 50S. 45S. . ..45N, 50N. 55N. 65N, 75N. 85N l5l - 178

95E 55S. 50,S. 45S... . 45N. 50N. 5tN 179 -20t
Band 7

l00E 75S.655. 55S. 50S.15S. ....45N.50N. 55N.65N. 75N | -27

105 E 55S. 50S, 45S, ....15N, 50N, 5tN 28-50

ll0E 75S. 655. 55S. 50S. 45S. - 45N. 50N. 55N. 65N. 75N 5t -77

ll5 E 55S. 50S,45S. ....45N, 50N.55N 78 - 100

120 E 75S,655,55S. 50S.45S, .. .45N.50N. 55N,6rN, 75N 101 - 127

125 E 55S. 50S. 45S. ....4rN. 50N. 55N 128 - 150

130 E 85S. 75S, 655. 55S. 5N. 45S. ....4iN. 50N, 55N, 65N. 75N 151 - 178

t35 E 55S. 50S.45S. ....45N. 50N. 55N 179-201

BmdS

140 E 75S. 655. 55S. 50S.45S. ....45N. 50N.5rN. 65N. 75N | -27

145 E 55S. 50S.45S. ....45N. 50N.55N 28-50

r50 E i5s.655.55S, 50S.45S. ....45N. 50N.55N, 65N. 75N 5t -77

155 E 55S. 50S. 4JS. .... 45I{. 50N. 55N 78 - 100

160 E 75S. 655. 55S. 5N. 45S. .... 45N. 50t{. 55N. 65N. 7tN l0l - 127

165 E 55S. 50S. 45S..... 45N. 50N. 55N 128 - 150

170 E 75S, 655, 55S. 50S. 45S, .. . 45N. 50N. 55N. 65N. 75N t5r - 177

175 E 55S, JoS,45S. ...,45N. 50N.55N 178 - 200

Bard9

60N 180w. r75w, 170w'..., r65E l70E r75E | -72
65N t80u l70w 160w.... r50E 160E l70E 73 - 108

70N 180trr. 170w. 160w. .... 150E. 160E, l70E 1@ - t44



IGP lo.iin
Truirioa ada il

I(P h-d@rL

75N 180w. 170w. 160w. .".. l50E 1608. r70E 145 - 180

85N 180w. r50w. r20u .".,90E. 120E. l50E 18t - 192

BEd l0
60s 180w, 175w, 170w. .. 165E, 170E. l75E | -72
65S r80w. r70w, t60w, .... r50E. 160E l70E 73 - r08

70s r80w 170w, l60u .... l50E 160E 170E 109 - 144

75S 180w. 170w. l@w..... 150E. 160E. l70E 145 - 180

85S r70w. 140w, 1rou.... 100E. 130E r60E l8l - 192
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Table B-31. Validity interval

De BbEd Rrnpofnhs nemhm

Velidityirftnnl(V) i0sto960s5 30s

Table B-32. Latency time

Dfi Bibus€d RmgE ofr"hs lrgohdin

Irteocytim (L) l 0sto l20s l0s

Table B-33. Evaluation of GIVEIi

GNIET d,.**

o
1

2
3
4
5
6
7
I
9
10
11
12
t3
l4
15

O-0084 ml
O-0333 ml
0-0749 nf
0-1331 trd
O.2O79 od
O.2994 ml
O.4075 m2
O.5322m}
O.6735 mr
O.8315 m2
1-1974 m2
l.87OO m2
3.326O m2
2O.787 m'l

137.0S26 of
"'I{otMm.itorEd"
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9.9.4.7 Degradation parameters. Degradation parameters, whenever used, shall be as

follows:

Fast correction degradation factor indicator (aii): an indicator of the fast correction
degradation factor (ai) for the ith satellite as described in Table B-34.

Note.- The aii is also used to define the time-out interval for Jast corrections, as
described in 3.5.8.1 .2.

System latency time (tlat): the time interval between the origin of the fast correction
degradation and the user differential range estimate indicator (UDREI) reference time.

Brrc: a parameter that bounds the noise and round-offerrors when computing the range
rate correction degradation as in 9 .9 .5.6.2.2.

Cltc_lsb: the maximum round-off error due to the resolution of the orbit and clock
information.

Cltc_vl: the velocity error bound on the maximum range rate difference of missed
messages due to clock and orbit rate differences.

Iltc _v I : the update interval for long-term corrections if velocity code = I (9 .9 .4 .4 .l) .

Cltc_v0: a parameter that bounds the difference between two consecutive long-term
corrections for satellites with a velocity code = 0.

Iltc_v0: the minimum update interval for long-term messages if velocity code = 0
(9.9.4.4.t).

CGEO_lsb: the maximum round-off error due to the resolution of the orbit and clock
information.

CGEO_v: the velocity error bound on the maximum range rate difference of missed
messages due to clock and orbit rate differences.

IGEO: the update interval for GEO ranging function messages
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Table B-34 Fast Correction degradation factor

Fast curcctim degra&ti@
frcbr idicettr (rii)

Fast corrtctim degndstioc
frcttr (*)

0
I
1

1

4
5

6

7

8

9
l0
ll
l2
13

t4
l5

0.0 tttttt/s?

0.05 nm/s2
0.09 rtt-/s2
0.12 r.r*is2
0.15 nm/s2
0.20 nm/s:
0.30 mr/s2
0.45 rnrnls2

0 60 tnm/s:

0.90 tttttt/s?

1.50 r.t*/s2
2.10 nm/s?
2.70 nm/sl
3.30 mn/s?
4-60 nm/s2
5 80nm/s?

Cer: the bound on the residual error associated with using data beyond the precision
approach/approach with vertical guidance time-out.

Ciono_step: the bound on the difference between successive ionospheric grid delay
values.

Iiono: the minimum update interval for ionospheric correction messages.

Ciono ramp: the rate of change of the ionospheric corrections.

RSSUDRE.' the root-sum-square flag for fast and long-term correction residuals.

Coding: 0 = correction residuals are linearly summed

I = correction residuals are root-sum-squared

RSSiono: the root-sum-square flag for ionospheric residuals.

Coding: 0 = correction residuals are linearly summed

1 = correction residuals are root-sum-squared

Ccovariance: the term which is used to compensate for quantization effects when using
the Type 28 message.

Note l.- The parameters ai and tlat are broadcast in Type 7 message. All other
parameters are broadcast inType I0 message.
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Note 2 .- If message Type 28 is not broadcast, Ccovariance is not applicable .

9.9.4.8 Time parameters. Time parameters, whenever used, shall be as follows:

UTC standard identifier: an indication of the UTC reference source as defined in Table
B-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 9.5.1.2.6.1 but with a 1-

second resolution).

Table B-35 UTC standard Identifier

UfC staoderd
idtuifcr UTCsledad

0 UTC as operated by the Coomuoicatioos Research
I-aboratory. Tokyo. J4an

UTC as operated by tbe U.S. National Institute of
Standards and Technolo gy

UTC as operated by the U.S. Naval Obsen'atory

UTC as operated by the Internatioaal Bureau of Weigfits
and Measures

Reserr.ed fq UTC Es operatd by a European laboratory

Spare

UTC nor provided

2

3

4

5to6

7

GPS week number (week count): see 9.5.1.2.6.2.

GLONASS indicator: a flag indicating if GLONASS time parameters are provided.

Coding: 0 = GLONASS time parameters are not provided

I = GLONASS time parameters are provided

GLONASS time offset (6ai,GLONASS).' A parameter that represents the stable part of the
offset between the GLONASS time and the SBAS network time.

Note.- If SBAS does not support GLONASS, \ai,GLONASS is not applicable.

UTC parameters.' AISNT, AOSNT, t0t, WNt, AILS, WNLSF, DN and ATLSF are as

described in 9.5.1.3.3.6, with the exception that the SBAS parameters relate SNT to UTC
time, rather than GPS time.

Note.- All parameters are broadcast inType 12 messag,e.

9.9.4.9 Service region parameters. Service region parameters shall be as follows:
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Issue of data, service (IODS): an indication of a change of the service provided in the
region.

Number of service messages: the number of different Type 27 SBAS service messages
being broadcast. (Value is coded with an offset of l.)

Service message number: a sequential number identifying the message within the
currently broadcast set of Type 27 messages (from I to number of service messages,
coded with an offset of l).

Number of regions: the number of service regions for which coordinates are broadcast in
the message.

Priority code: an indication of a message precedence if two messages define overlapping
regions. The message with a higher value of priority code takes precedence. If priority
codes are equal, the message with the lower 6UDRE takes precedence.

6UDRE indicator-inside.' an indication of regional UDRE degradation factor (6UDRE)
applicable at locations inside any region defined in the message, in accordance with
Table B-36.

6UDRE indicator-outside: an indication of regional UDRE degradation factor (0UDRE)
applicable at locations outside all regions defined in all current Type 27 messages, in
accordance with Table 8-36.

Coordinate latitude: the latitude of one corner of a region.

Coordinate longitude: the longitude of one corner of a region.

Region shape: an indication of whether a region is a triangle or quadrangle.

Coding: 0 = triangle

1 = quadrangle

Note l.- Coordinate 3 has Coordinate I latitude and Coordinate 2longitude.lf region
is a quadrangle, Coordinate 4 has Coordtnate 2 latitude and Coordinate I longitude.
Region boundary isformed byjoining coordinates in the sequence l-2-3-l (triangle) or
I-3-2-4-l (quadrangle). Boundary segments have either constant lathude, constant
longitude, or constant slope in degrees of lafintde per degree of longitude.The change in
latitude or longitude along any boundary segment betvveen two coordinates is less than
+180 degrees.

Note 2.- All parameters are broadcast in Type 27 message.
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Table 8-36 6UDRE indicator evaluation

6UDRE iadicrts 6UDRE

9.9.4.10 Clock-ephemeris covariance matrix parameters. Clock-ephemeris covariance
matrix parameters shall be as follows:

PRN mask number: see 9.9.4.1.

Scale exponenr.' A tenn 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 and ephemeris covariance matrix. These
elements are used to compute the user differential range estimate (UDRE) degradation
factor (6UDRE) as a function of user position.

9.9.5 DEFINITIONS OF PROTOCOLS FOR DATA APPLICATION

Note.- This section provides definitions of parameters used by the non-aircrafl or
aircraft elements that are not transmitted. These parameters, necessary to ensure
interoperability of SBAS, are used to determine the navigation solution and its integrity
(protection levels).

9.9.5.I GEO POSITION AND CLOCK ,

9.9.5.1.1 GEO position estimate. The estimated position of a GEO at any time ,t is:

[i] 
= [It. [*] 
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lil 

('-"'*)'

I
l.l
t.25
1.5

2

3

4
5

6
8

10

20
30
40
50
100

0
I
2
3

4
5

6
7

8

9
l0
It
l2
l3
t4
l5



Kenya Subsidiary Legislation, 20 1 8 2227

9.9.5.1 .2G8O clock coruection.The clock correction for a SBAS GEO satellite i is
applied in accordance with the following equation:

t=tc-Atc
where

t = SBAS network time;
tc = GEO code phase time at transmission of message; and

Ato = 6B9 code phase offset.

9.9.5.1.2.1 GEO code phase offset (Atc) at any time t is:

Ah = aoro + aon (t - h.ceo)

where (t - h.ouo) is corrected for end-of-day crossover.

9.9.5.2 LONG.TERM CORRECTIONS

9.9.5.2.1 GP! clock correction. The clock correction for a GPS satellite i is applied in
accordance with the following equation:

t = tsvi- [(Atsvi)r-r + 6Atsvj]

where

t = SBAS network time;
t5y.i = the GPS satellite time at transmission of message;
(Atsu.,)", = the satellite PRN code phase offset as defined in 9 .5 .2.2; and
6At.r, - the code phase offset correction.

9.9.5.2.1 .l The code phase offset correction (6Atsvj) for a GPS or SBAS satellite i at

any time of day t* is:

6Atru., = 6a,.* + 6a,.r, (t,. - t,.,.r)

9.9.5.2.ZGLONASS clock correction. The clock correction for a GLONASS satellite i is
applied in accordance with the following equation:

t = tsv.i + r"(tb) - Y,(tbxtsv.i - tu) - 6Atru,,

where

t = SBAS network
t5u., = the GLONASS satellite time at transmission of message
tb, rn(tb), YJtu) = the GLONASS time parameters as defined in9.6.2.2
6At.r., = the code phase offset correction

The code phase offset correction 6AtSV,i for a GLONASS satellite i is
6Atrr, = 6ar, + 6a,r,(t - t*r) + 6u,.oro*^r,
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where (t - t1,') is corrected for end-of-day crossover. If the velocity code = 0, then 6rr, =
0.

9.9.5.2.3Satellite position correction. The SBAS-corrected vector for a core satellite
constellation(s) or SBAS satellite i at time t is:

Hl*=Hl.HIl.[ff]r,-*,
where
(t - tirr) is corrected for end-of-day crossover; and

[xi yi zi]r = the core satellite constellation(s) or SBAS satellite position vector as defined
in 9.5.2.3, 9.6.2.3 and 9.9.5.1 . l.

Ifthe velocity code = 0, then [6x,6y,6zJr=[0 0 0]r.

9.9.5.3 Pseudo-range correcrions. The corrected pseudo-range at time , for satellite i is

P&.*ra = P& + FQ + RRC' (t - ltod+ IC, +ff,

ufiarr

P&
FC,

RRC,

IC1

Tci
ttu

th ma*redpcndo-ralge rffu rpplicatrm of thc satsllte dock comctioq
6. A$ concrtim.
thc rilge rek corecxoq
th ioospnoic ccrectioc
thc toporyhcnc curectioo (rgttw tnhE repsctrliog fu rqoqpnoe dclay): and

6e lim of aplicaUlity of thc d rtcto &st cmectios. u,tid is fo surt of th epoctr of fre $.IT secd
&at is coincideot ni6 thc t-rnsuissim d fu SBAS serlit of 6c fst ryubol dftc megc blodc

9.9.5.4 Range rate corrections (RRC). The range rate correction for satellite i is:

Xf,C; = tf - tfpf.rerLn
if e1*o

O tf a1=O

where
FCi"r*n, =
FCi.p*"iou.

ti,or

ti.of-prc"io.

ai

the most recent fast correction;

= a previous fast correction;

= the time of applicability of FC,,,*n,;
= the time of applicability of FC,ru*n,.; and

= fast correction degradation factor (see Table B-34).



Kenya Subsidiary Legislation, 20 I 8 2229

9.9.5,5 BROADCAST IONOSPHERIC CORRECTIONS

9.9.5.5.1 location of ionospheric pierce point (IPP).The location of an IPP is defined to
be the intersection of the linesegment from the receiver to the satellite and an

ellipsoid with constant height of 350 km above the WGS-84 ellipsoid. This
location is defined in WGS-84 latitude (Qpp) and longitude (trpp).

9.9.5.5.2lonospheric corrections. The ionospheric correction for satellite i is:

IC; = - Fpp*pp

where

I

FF obliqdtyrmor:[r-(-.*J']-t,
r,pp = interpolated vertical ionospheric delay estimate (9.9.5.5.3);
Re=6378.1363km;
0i = elevation angle of satellite i; and
hr = 350 km.

Note.- For GLONASS satellites, the ionospheric correction (lCi) is to be multiplied by
the square of the ratio of the GLONASS to the GPS frequencies (frLONASSIfrPS)2.

9.9.5.5.3lnterpolated vertical ionospheric delay estimate. When four points are used for
interpolation, the interpolated vertical ionospheric delay estimate at latitude

Q,, and longitude )r,, is:

1

I
hl

hrDP- ttt*

wkc

q: te hoadd gid prat nrrral delay lrlms at he P moff of fu IGP g( rs stonm rn Frgrm &13.

Wr=hYp;
[t = (l - xn) ypr

$=0-+)(l-yn),and
[tr=xn0 -ye)



h-h
h= g0o

x(1-2y*)+y*

wtrn

1,1 = lmgihxle of fte mcad IGP to fre mt ofth IPP,

[1 = lmgitude of fre seomd IGP to fte wst of fu IPP

i,3 = lmgitudr of tr ctosest IGP to th uttst of th IPP; md

I+ = lmshrdt of fre dose$ IGP to th ea* of tk IPP.

Note.- If L I andl'.2 cross 180 degrees of longitude, the calculation of xpp must account

for the discontinuity in longitude values.

9 .9 .5 .5 .3 .2 For IPPs north of N85o or south of S85o:

- lo*l-ss"
Ypp 1tr

r=Sr(t-zvo)+v*
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9.9.5.5.3.1 For IPPs between N85o and S85'

where

Xr = longihufu of the second IGP o the east of &e IPP;

I: = louginde of 6e second IGP to the west offie IPP;

lr = loagitude of the cloeest IGP o the west of tle IPP; and

Ir = lonstude of 6e closest IGP to the east of 6e IPP.

When three points are used for interpolation, the interpolated vertical ionospheric delay
estimated is:
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9.9.5 .5 .3.3 For points between S75' and N75'
?

r,r*= F \&t*
EI

uihse

\ryr: Ym,
W2: I -xpe-yp; ild\[t: xpr.

9.9.5.5.3.4 xpp and ypp are calculated as for four-point interpolation, except that tr I
and Ql are always the longitude and latitude of IGP2, and )r2 and Q2 are the
other longitude and latitude. IGP2 is always the vertex opposite the
hypotenuse of the triangle defined by the three points, IGPI has the same

longitude as IGP2, and IGP3 has the same latitude as IGP2 (an example is

shown in Figure B-14).

9.9.5.5.3.5 For points north of N75' and south of S75o, three-point interpolation is not
supported.

9.9.5.5.4Selection of ionospheric grid points (IGPs). The protocol for the selection of
IGPs is:

a) For an IPP between N60o and 560o:

l) if four IGPs that define a 5-degree-by-5-degree cell around the IPP are set to "1"
in the IGP mask, they are selected; else,

2) if any three IGPs that define a 5-degree-by-5-degree 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 l0-degree-by-I0-degree cell around the IPP are set
to "l" in the IGP mask, they are selected: else,

4) if any three IGPs that define a l0-degree-by-l0-degree triangle that
circumscribes the IPP are set to "l" in the IGP mask, they are selected; else,

5) an ionospheric correction is not available.

b) For an IPP between N60' and N75o or between 560" and S75':

1 ) if four IGPs that define a 5-degree-latitude-by- I 0-degree longitude cell around
the IPP are set to "l" in the IGP mask, they are selected; else,

2) if any three IGPs that define a 5-degree-latitude-by-I0-degree longitude triangle
that circumscribes the IPP are set to "l" in the ICP mask, they are selected; else,

3) if any four IGPs that define a 10-degree-by-lO-degree cell around the IPP are set

to "l" in the IGP mask, they are selected; else,

4) if any three IGPs that define a 10-degree-by-10-degree triangle that
circumscribes the IPP are set to " 1" in the IGP mask, they are selected; else,

5) an ionospheric correction is not available.

t
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c) For an IPP between N75o and N85' or between S75' and S85':

1) if the two nearest IGPs at 75' and the two nearest IGPs at 85o (separated by 30'
longitude if Band 9 or l0 is used, separated by 90' otherwise) are set to "1" in
the IGP mask, a lO-degree-by-10-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 75o: else,

2) an ionospheric correction is not available.

d) For an IPP north of N85":

I ) if the four IGPs at N85o latitude and longitudes of W 180', W90', 0' and E90'
are set to " I " in the IGP mask, they are selected; else,

2) an ionospheric correction is not available.

e) For an IPP south of S85o:

l) if the four IGPs at S85' latitude and longitudes of W140", W50', E40' and
El30o are set to "l" in the IGP mask, they are 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 correction 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 triangular
region covered by the three corrections that are provtded.

9.9.5.6 Protection levels. The horizontal protection level (HPL) and the vertical
protection level (VPL) are:

HPlou=
Klsplxd rr for eucir ftur$ mprum Tpmd (NPA) d
K11gxdn4a forprccrson 4pm! (PA)adrypoarhnnh wrtrd gurdan (AI\t) mdc

VPIa6,6=Kyy.1 x('

*tnr

6$= $, {,d = wimct of mdel digntlim fut mutqnds fu rr sra distrhrim ltr6e verticd uis;

I_tJoly(r- +q
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sfrrrr

dl= E, *,of = ltiut of mdct rti*ihnio ftd owrtum& frc trt cro, dBtihnio in tu r uis;

4= X[, *roi = rziut of mdcl disnihrim 6t owrtorn& th mr crs rlisrihlio in 6c y axis;

&y= ILr s*rof - corraiut of odel dicihrin in ttc x ad y ais:

nfrctr

sr.i - 6c putirt fuirrxiw of pdito sru ia th x{ircfioo rri6 rrycd b Fcrrdcr.[gE cna o 6e it
saldliE;

ti = 6 pfitrel dcrirdiw of p6tin trrq il frc y{ircctioo uith ftsFd O Fcudo.ragc arr m th f
satdlih;

syl = fu perrirl duirarirre of positim rru in h wtical dircctim wifr rcry.ct to pocrrdcrmgc cnu m 6e i6

etdliE;md

d, - do+d.unr+dii+drq.

I!.rrrriaccs (dCI uA ol rnd mAaneAb 1.5.5.6.2 ild 1.5.5.6.3.1. Tbprausld6aAd6;m daauimdby
frc aircnfi dcd (3.5.8.4.2 d 3.5.8.4.3).

Thc x ardyuts m d.fubbc in6.locrl hmizoohl plm, mdhevaisrryuats hcd luticel.

fu r gm:rt had+ryars pcinm sohlio, fo pdctim uarir S is:

fS.r fu -
.=l\, $, -"-lS,r S,: *

[s", s", -,

Srnt

$nl

ill
=(QrxWxG)-rxGTxW

ufrarc

G = [-cmE.cmAa-oaE.smAa-+inEl U=rirusofG;

*'=['?' i 
:: ;l

4 = 6c?fevdioeogleof& PragnBsqrc.6nqrc6);
A4 = th a?iurb of th f rugug sora trhu crnnu<lochrisc tm fu r uis in dcgrm; ad
wi = 6.imJuscsddila$cir[dwiasrgtiEr-d,.

Note I. The variances (o,n,and ozi,wn) are defined in 9.9.5.6.2 and 9.9.5.6.3.1 . The
parameters (o,o, and o2i.top) are determined bythe aircraft element (9.9.8.4.2 and
9.9.8.4.3).

Note 2.- To improve readability, the subscript i was omitted from the protection
matrix's equation.
Note 3.- For an unweighted least-squares solution, the weighting matix is an identity
matrix (wi = l).

9 .9 .5 .6.1 Definition of K values.'fhe K values are:

(>

I
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IQrrpn: 6.18;

Knpl,: 6.0; alrd

Kvrll:5.33.
9.9.5.6.2Definition of fast and long-term correction error model.If fast corrections and

long-term correction/GEO ranging parameters are applied, and degradation
parameters are applied:

r - [110*qr)to,ou)+t+EEr+th+E,,]1 uRSSsryr=n64essagelype l0)

"n 
- 

[[(01*Xor*rl' * e 
36 * e3* * e26 *e2.n siRssrmx = I (Mesage lypel0)

where
if using message Type21 ,6ro", is a region-specific term as defined in section 9.9.4.9,
ifusing message Type 28,6ro*u is a satellite-specific term as defined in section
9.9.5.6.2.5,
if using neither message, 6upss = 1.

If fast corrections and long-term corrections/GEO ranging parameters are applied, but
degradation parameters are not applied:

o2rr, = [(or.uone) (6uorJ + 8m]2

9.9.5.6.2.1 Fast correction degradation The degradation parameter for fast correction

data is:

a.(t-tu+tr..)aEr.: 2

Where

t = the current time;

t = (UDREIi reference time): if IODFj *3, the start time of the SNT l-second epoch that
is coincident with the start of the transmission of the message block that contains the
most recent UDREIi data (Type 2 to 6, or Type 24 messages) that matches the IODFj of
the fast correction being used. If IODFj = 3, the start time of the epoch of the SNT l-
second epoch that is coincident with the start of transmission of the message that contains
the fast correction for the ith satellite; and

t6, = (as defined in9.94.7)

Note .- For UDREs broadcast in Type 2 to 5, and Type 24 messages, tu equals the time
oJapplicability of the fast corrections since they are in the same message. For UDREs
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broadcast in Type 6 message and if the IODF = 3, tu also equals the time of applicability
of the fast corrections (t}fl. For UDREs broadcast in Type 6 message and IODF * i, tu
is defined to be the time of tansmission of rhe first bit of Type 6 message at the GEO .

9.9.5.6.2.2 Range rate correction degradation

9.9.5 .6.2.2.1 If the RRC = 0, then €rrc = 0

9.9.5.6.2.2.2 If the RRC * 0 and IODF * 3, the degradation parameter for fast

correction data is:

0, si00DFer-l0Dfcr)M0D3=l

*{(**k),t-to)' 
si 0oDtd-l0DF-nlMoD3 * I

9.9.5.6.2.2.3

\{b€rr

9.9.5.6.2.3

9.9.5.6.2.3.1

9.9.5.6.2.3.t.1

t+:";

If RRC + 0 and IODF = 3, the degradation parameter for range rate

data is:

.i la,-fl=o

(t-tor). si lufl* o
E

t = the cunEd tinE;
IODF*a : IODF associaM qitt mst reccd frst corrcdioq,
IODFauru : IODF associeted nith prwiors hsl correctioq
Al = tisf - (6{_FBie ald
Ir : frc uscr tirtreotfr futerr,'al ftr Ast ccrcctitr$.

t6

Long - t e rm c off e ction de gradati on

Core satellite constellation( s)

For velocity code = 1, the degradation parameter for long-term

corrections of satellite i is:

_{ .0, .tf1T(t<tr-r+ln_,r
= 

iQo_* 
+ C.,,1 mx (0,\s - tt - t n - Irn_rr), ohenvise
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9.9.5.6.2.3.1.2 For velocity code = 0, the degradation parameter for long-term

corrections is:

stett

t = thecurcoiltime;

h = fu tim of rmisim of fre ftsl bit of ftc lmgfrm onutim csage at fre @ rod

[r] = thgeetdiotgillcsfian.r.

9.9.5.6.2.3.2 GEO satellites. The degradation parameter for long-term corrections is

'*=t""FJ

" _f o, ifh.m<t<hm+tcm
"* - [r*_* * 

%o_, max (0,tq,m - t t - h,@o - Ir), oserwise

where t = the current time.

Note.- When long-term corrections are applied to a GEO satellite, the long-term
correction degradation is applied and the GEO navigation message degradation is not
applied.

9.9.5.6.2.4 Degradation for en-route through non-precision approach

- _ ( 0 ifnnfrr fu nmbag+erucurcdims hve tid m[ frpmisiooefud/rymch flifr wticd gr!fur* [t if fut or hgtu ffirutirs hflE tid ur frrpeusm 4porcUrypmh mfr wlif,l guxte
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9.9.5.6.2.5 UDRE degradation factor calculated with message Type 28 data. T'be

6UDRE is:

fr-*"-Jirc.r * 
".u,tcre

til- tb uoit vccta f@ 6G uscr !o rhe satcllile ir 6c q/GS-84 ECEF co6diEanE ftlm

El

fEr.r Erz E1.r Er-r'l
I o Ea2 Ezz Eul
lo o E*s E*"1
[o o o E..J

- Rr.R

- Csy-*. SF

- 2trLqE-5

- E.SF

9 .9 .5 .6.3 Definition of lonospheric Correction Eruor Model

9.9.5.6.3.1 Broadcast lonospheric corrections.If SBAS-based ionospheric corrections
are applied, o'u,*" is:

o2uIRE=F2rrXo2urvE

where

F* = (as defined in 9.9.5.5.2);

ofrnn = f,f=r W, " ofu,',orrra ordurvE : El=rWn 'oit-,osna

using the same ionospheric pierce point weights (Wn) and grid points selected for the
ionospheric correction (9.9.5.5).

C

€€

SF

R

E
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If degradation parameters are used, for each grid point:

ullomlrld -
(o.6;ys + elono)2, ifRSS;-o = 0(T1pel0nressage,;

ft*r + .ioo, if RSS6no = I (Ty'pe t0nressage)

wlrcrc

Lm= cpm-,rp [ff] = c,.o-o*{,-,,*).

t - fie culrent tilla.
ti* = the time of fallsndssiotl of dre fust bil of the ioflosphoic conection message at the GEo: and

lt] = the greatest intega less than r.

t = the current time;
tiono = the time of transmission of the first bit of the ionospheric correction message at

the GEO; and

[x] = the greatest integer less than x.

If degradation parameters are not used, for each grid point:

oulonogila: orLGnlE

Note.- For GLONASS satellites, both oo,r, and e,.,-parameters are to be multiplied by

the square of the ratio of the GLONASS to the GPS frequencies (fGLONASS/IGPS)2.

Ionwpheric corrections,If SBAS-bas€d ionospheric corrections ue cot applied o:uas is

4*=**[e)"{0,,.*-)'}
T;ono = the ionospheric delay estimated by the chosen model (GPS correction or other
model);
F,, = (as defined in 9.9.5.5.2);

(s*,
rw* = ,lo.s *

(.u*

o<lo*l
20<loPel

ss<lo*l

<20

< 55;y

<ipp = latitude of the ionospheric pierce point.
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9.9.5.6.3.2 lonospheric corrections. If SBAS-based ionospheric corrections are not

applied, o2UIRE is:

,3,*:"* {(}),,{r,,,_,),}
,drcrc

T,o- = thc ionospheric dclay cstinratcd by thc chorcn uodcl (GPS corrcction or otlrcr nrodcl)l
Fp = (as dchacd irr 3.5.5.5.2):

(rrn, oslq*l < zo

r*.: {+.s m, zo<lq*l < ss;y

(o n,, ss<l,Drrl

0* = latirudc of thc iorrosphcric picrcc poirt.

9.9.6 MESSAGE TABLES

Each SBAS message shall be coded in accordance with the corresponding message
format defined in Tables B-37 through B-53. All signed parameters in these tables shall
be represented in two's complement, with the sign bit occupying the MSB.

Note.- The rangefor the signed parameters is smaller than indicated,as the maximunt
positive value is constrained to be one value less (the indicated value minus the
resolution).

Table B-37: Type 0 "Do Not Use" message

Daotu BiEc.d Ragrofrzluc Xso,hdr

Sparc 212

Table B-38. Type I PRN mask message

IHraoded Birusd leagrofrzlura Rerohnim

For earh of 210 PRN code nd€rs
lvlasknhr I

IODP 2

0or I
0to3

Note.- All parameters are defined in 9.9.4.1
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Table B-39. Types 2 to 5 fast correction message

Ilaa oatlot &EE d Rogrofnlus Raoharn

IODFj
IODP
For 13 slots

Fast correctim (FC)
For 13 slots

UDREIi

2
2

0to3
0to3

*256.0@m

(sceTableBD)

0.125 m

(scc Table 829)

I
I

l2

4

Notes.-
l.The parameters IODFj and FCi are defined in 9.9.4.4.2
2. The parameter IODP is defined in 9 .9 .4 .1 .

3 . The parameter UDREIi is defined in 9.9.4 .5 .

Table B-40. Type 6 integrity message

DdrsGr Bil, E d Ragr of r:lur BGoLdiE

IODF: 2

IODF: 2

IODFI 2

IODFs 2

For 51 satdlitcs (odcrcd by PRN rtror odcr)
UDREIi 4 (sce Teble F?9) (stt Tabl,e B?9)

0
0
0
0

to
to
to
to

I
I
I
I

3

3

3

3

Notes.-
l.The parameters IODFj are defined in 9.9.4.4.2
2.The parameter UDREIi is defined in9.9.4.5

Table B-41 .Type7 fast correction degradation factor message

Dda o,r-'l Btrrsd R.ug:ofrzfur Rsohlin

Sysulatacy(td 4

IODP 2

Speft 2

For 5 I satellits (ord€red by IRN snsk f,rfirber)
Degndatrmfottritrdicatc
(ar,) 4 (ser Trbk 834) (ser Tabk 834)

0to 15 s

0to3
1s

I

Notes.-
I . The parameters tlat and aii are defined in 9.9.4.7
2.The parameter IODP is defined in 9.9.4.1 .
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Table B-42. Type 9 ranging function message

IhbcG EitEd l.erg:ofrzhrs Xrsotfio

Rcscnrd 8

l3
4

30

t0
25

t7
17

18

l0
t0
t0
12

8

ho
TJRA

)G
Yo
74

h
fe
4
&
rc
4
aco

effl

0to86384s
(see Tablc 8-26)
42949673m
*42 949 6R m
*6 710 886.4 m
t40.96ds
*40.96ds
*524.288 ds
10.0061o/sl

{l.000lo#
$.032df
+0.9537 x 10{s
rl.1642 x l0-lo Ys

16s
(soeTrbleB26)
0.08 m
O.ffim
0.4m
0.000625 n/s
0.000625 m/s

0.004nis
0.000125 mrbr

0.00m125 Ed
0.00m625 dsr
r3l s

2{vs

Note.- All parameters are defined in 9.9.4.2

Table B-43. Type l0 degradation parameter message

I)*rcoe acs d RlgEof,nh.5 Bco&tio

D*
Cr r*
C* rt
[r vt
Cr ro

[" to
Cgo m
Cl. 

"L-
c.
Cory
Ii-
Ci"-
RSSIJDEE

nSSb
C--i-.
SparE

0"002 m
0.002m
O-flXD5 qr/s

Is
0-002 m
ls
0.0005 m
O.fiXD5 m/s
ls
O-5 m
0.001 m
ls
0.fi)0005 ds
I
I
0t

lo
l0
lo
I
l0
9
lo
l0
9
6
l0
9
t0
I
I
7
8l

0ro2"(X6m
0to2.M6lr
0 to 0.05115 ds
0to5l1 s

0 to2,816m
0to5lls
0 to 0.5115 m
0 to0.05l15 E/s
0to5ll s

0 to 31.5 m
0 to 1.023 m
0to5ll s

0to0.005115 m/s
0or I
0or I
Otol2.7

Note.- All parameters are defined in 9.9.4.7
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Table 8-214. Type 12 SBAS network time/UTC message

IhEcoed BGusd X-agrofrzha Xrsohro

Arorr

Aoffr
tor

WNI

Atn
\[Nrs
DN
At15'

UTC shndrdideotifier
CiPStimof-un*(ICIW)
CiPSurc*oumba(WN)
GLON.A,SS idicatu
6q.cfi,1ss 0{or 2)

Spare

t7.45 x ld s/b

tls
0to602112s
0 to 255 wrdcs

tl28 s

Oto255w*
I toTdrp
tl28 s

(ste Trbb B-35)

0 to 604 799 s

0to I 023 wr*s
0ul
+2.0' l0{ s

2-$ sts

2-s s
4006s
Irrc*
ls
Irrtet
l&v
ls
(seTableB35)
ls
I rilr*
I
2.0. l0-3ls

24

32

I
8

I
I
I
8

3

t0
l0
1

24

50

Notes
I . All parameters are defined in 9 .9 .4.8.
2. Applies only if SBAS sends GLONASS timing information in message Type I2 (see

9.9 .7 .4 .4 , Timing data) .

Table B-45. Type 17 GEO almanac message

Daccta BtsE d f,lpofnlu Reluira

Fq each of3 satcllilcs
Rc*rvcd
PRN code nunber
Ilceltb atrd status
lGe
Yoe
%^t*

Tc
k^

tihlr (aFplies to all tiree satdlitcs)

Note.- All parameters are defined in 9.9.4.3

2

8
8

15

l5
9
3

l
4
ll

0
0 to 210

+42 598 400 m
+42 598 400 m
*5 656 000 m

+40 m/s
r40m,'s
+480 u/s

0to86336s

2 600m
2 600m

26 000 m
l0ds
l0m/s
60 or/s
64s
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Table 8-46. Type 18 IGP mask message

D.hcfi,Et Mtred Ragrofahe lsohti*

l{der ofIGP baods

IGP baod idcofificr
Issrc of date - imospbcre (IOD[)
For 201 IGh

IGPmrstvaluE
Spare l

4
4
2

I
t

0to ll
0to l0
0to l

0sl

Note .- All parameters are defined in 9 .9 .4 .6.

Table B-47. Type 24 mixed fast/long-term satellite error correction message

Data ooro Bitssd Ragr of rzhr: Rrshiio

For 6 slots
Fast concctioo (FQ)

For 6 slots
UDREIi

IODP
Fast curection tryr id.otifcr
roDR
Spdc
T1rye 25 half-mssage

*256.000 m

(see Table 831)
0to3
0lo 3

0to3

0.125 m

(sce Tabh B3l)
I
1

I

ll

4
2

2

!
4

106

Notes.-
I .The parameters fast correction type identifier, IODFj, and FCi are defined in

9.9.4.4.2.
2 . The parameter IODP is defined in 9 .9.4.1 .

j . The parameter UDREIi is defined in 9.94.5 .

4. The long-term satellite eruor correction message is divided into two half-messages.
The half message for a

velocity cod.e = 0 is defined in Table B-48. The half message for a velocity code = I is
defined in Table B-49.
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Table B-48. 'fype 25 long-term satellite error correction half message
(VELOCITY CODE = 0)

lhtrcoed Birrsd R:rgr ofnhrr nrshio

Vdocity Codc- 0
For2 Sdclliles

PRNrpqkuumbcr
Issr of daa (IOD)
6ti
6y;
5q
6a,s

IODP
Spare

0

0to 5l
0 to 255
+3? m
+32 m
+32 m
+2{ s

0rDl

I
I

0.125 m
0.125 m
0.125 m
Crt

I

I

6
8

I
9
9

l0
2
I

Notes.-
l.The parameters PRN mask number and IODP are defined in 9.9.4.1
2. All other parameters are defined in 9.9.4.4.1 .

Table B-49. Type 25 long-term satellite error correction half message
(VELOCITY CODE = l)

Drfa soEt BiEEd Ragrofrdua Agofurin

For I Satellite
Vdocitycodc- I
PRNmckaumbcr
Issle of data (IOD1)
6x,
6Yt

64
6qo
&q
6Yi
64
61a
Tim-of-epplicability (LLr)
IODP

I
6
I
lt
ll
ll
ll
8
I
I
8
ll
2

I
0to 5l
0b255
+I28m
+128m
+128m
+r]l s

r{.0625 ds
r4,0625 or/s
rd)-0625 mis

+f'sls
0ro86384s

0b3

I
I
I

0.125 m
0.125 m
0.125 m
I3l s

2-11 m/s
2-ll m/s
rllm/s
2-le ys

16s
I

Notes.-
I . The parameters PRN mask number and IODP are defined in 9.9 .4 .1

2. All other parameters are defined in 9.9.4.4.1 .
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Table B-50. Type 26 ionospheric delay message

&trcdd BGErd Rrpoduha lroloo

IGPbodidcoitu
IGPbloct idatificr
Forerchof 15 gidpoias

IGP wticrlddaycstieE
Crid imrybcric vrtical cnu indiotor (GIVEI,)

IODL
Sporc

Note .- All parameters are defined in 9.9 .4 .6

Table B-51. Type 27 SBAS service message

4

4

I
4

?

7

0tol0
0b ll

0 to 61.875 m
(sce Tablc &33)

0b3

0.125 n
(reT$lc&33)

I

Detecro Brts eld Raga odrehcs Rehio

Is$r ofdau, scrvice (IODS)

Itrubo of scrvice ru*lgrs
Scrvicercsagender
I.ftrobo ofregions
Prkityoodc
6UDRE iodicatu-insi&
6LIDRE iodicdor-<uBi&
Fs eech of5 regioos

Coudioate t htihrd€
Coordinetc I lo,ogitnd€
CoordineE 2 latitn&
Coordinate2 hogitudc

Rcgimshrye
Sparc

Jfor.--lll1n**s te d$adin 1.5 4.9.

l
1

3

3

2

4
4

8

9
I
I
I
l5

0to7
Ito8
ItoS
0to5
0to3
0rol5
0to l5

I
I
I
I
I
I
I

rS0"
+l8(P
190"
*180"

1"
1"
1"

:

Note.- All parameters are defined in 9.9.4.9

Table B-52. Type 63 null message

Ilaf:r sbt BirsE d Ra3: ofrzhre f,rohnioa

Sparc 2t2
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Table B-53. Type 28 clock-ephemeris covariance matrix

Drte cmhnt ftE usd 8.uge o,fvahes Begohrrio

IODP
Fm two satellites

PRNma*gld€r
Scale erpmt
Elt
E2-2

E:"r

B.r
Er:
Er-r
Et.r
823

E:.r
E:..r

2

6
3

I
9
9
9

10

10

10

10

t0
10

0to3

0to5l
0to7

0to 511

0 to 511

0 to 511

0 to 511

+512
+512
*512
+512
*512
*512

t
I
I
I
I
I
I
I
I
I
I
I

Notes.-
1 .The parameters PRN mask number and IODP are defined in 9.9.4.1
2 . All other parameters are defined in 9.9 .4.10.

9.9,7 NON-AIRCRAFTELEMENTS

Note l.- Depending on the level of service ofJered by a particular SBAS, dffirent
functions can be implemented as described in these regulations.

Note 2 .- The parameters that are referred to in this section are defined in 9.9.4.

9.9.7.1 GENERAL

9.9.7.1 Required data and broadcast intervals. SBAS shall broadcast the data
required for the supported functions as shown in Table B-54. If the SBAS
broadcasts data that are not required for a particular function, the requirements
for that data supporting other functions shall apply. The maximum interval
between broadcasts for all data of each data type provided shall be as defined
in Table B-54.

9.9.7.1.2 SBAS radio frequency monitoring. The SBAS shall monitor the SBAS
satellite parameters shown in Table B-55 and take the indicated action.

Note.- SBAS may broadcast null messages (Type 63 messages) in each time slot for
which no other data are broadcast.
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9.9.'l .l .3 "Do Not Use". SBAS shall broadcast a "Do Not Use" message (Type 0
message) when necessary to inform users not to use the SBAS satellite ranging
function and its broadcast data.

9 .9 .7 .l .4 The Doppler shift in the GEO satellite signal seen at any fixed location within
the GEO footprint for any GEO shall not exceed r.45O Hz.

Note.- This nruximunt Doppler shift corresponds approximately to the maximum GEO
satellite orbit inclination that can be supported by the coding ranges Jor Type 9 and Type
17 messages.

9 .9 .7 .1 .5 Geostationary orbit (GEO) ranging function parameters (defined in 9 .9 .4.2)

Note.- It is necessary to broadcast geostationary orbit ranging Junction parameters
even vvhen a ranging function is not provided, so that airborne receivers may inrplement
a positive identification of the broadcasting SBAS satellite. When ranging is not
provided, the accuracy oJ the Type 17 data (and Type 9 data) only needs to support the
acquisition of the satellite.

9.9.7.1 .5.1 The error in the Doppler shift of a GEO satellite derived from any Type 9
message that has not timed out, with respect to the true GEO Doppler shift
seen at any fixed location within the GEO footprint, shall not exceed t2l0
Hz.

9.9.7.1 .6 Almanac data.Each SBAS satellite shall broadcast almanac data (defined in
9.9.4.3) for all SBAS satellites of the same service provider.

9.9.7.1.6.1 The error in the estimated position of the satellite derived from any Type l7
message broadcast within the previous l5 minutes, with respect to the true
satellite position, shall not exceed 3 000 km.

9.9.7.1 .6.2 The separation distance between the estimated position of the satellite
derived from any Type l7 message broadcast within the previous l5 minutes
and the position of the satellite derived from the GEO ranging parameters in
any Type 9 message that has not timed out shall not exceed 200 km.

9.9.7.1 .6.3 The error in the Doppler shift of a GEO satellite derived from any Type 17

message broadcast within the previous l5 minutes, with respect to the true
GEO Doppler shift seen at any fixed location within the GEO footprint, shall
not exceed +210 Hz.

9.9.'l .l .6.4 SBAS shall not broadcast almanac data for any SBAS satellite from a

different service provider for which the position estimated from the almanac
data broadcast within the previous l5 minutes would be within 200 km of the
position of any of its own GEOs as derived from the GEO ranging parameters
from any Type 9 message that has not timed out.

9 .9 .7 .l .6.5 Where the estimated position of a GEO satellite providing a ranging function,
derived from the Type l7 message broadcast within the previous l5 minutes,
is within 200 km of the position of another GEO satellite of the same service
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provider, derived from a Type 9 message for this GEO that has not timed out,
the GEO UDRE value shall be set sufficiently large to account for the
possibility that a user could misidentify the PRN of the GEO providing the
ranging functron.

9.9.7.1 .6.6 The health and status parameter shall indicate the satellite status and the
service provider identifier, as defined in9.9.4.3.

9.9;7.1 .6.'7 Unused almanac slots in Type 17 messages shall be coded with a PRN code
number of "0".

9.9.7.1.6.8 The service provider shall ensure the correctness of the service provider ID
broadcast in any almanac.

9.9.7.2 Ranging functiott.If an SBAS provides a ranging function, it shall comply
with the requirements contained in this section in addition to the requirements
of 9.9.7 .1.

9.9.7.2.1

9.9.7.2.2

9.9.7.3

P e rfor ma nc e req u ir e me nts

Ranging function data. SBAS shall broadcast ranging function data such that
the SBAS satellite position error projected on the line-of-sight to any user ln
the satellite footprint is less than 256 metres. Each SBAS satellite shall
broadcast a URA representing an estimate of the standard deviation of the
ranging errors referenced to SNT.
GNSS satellite status function. If an SBAS provides a satellite status

function, it shall also comply with the requirements contained in this section.

Note.- An SBAS may be able to provide integnty on sonre GPS satellites that are
desig,nated either marginal or unhealthy.

9.9.7.3.1 Performance of satellite status functions. Given any valid combination of
active data, the probabrlrty of a horizontal error exceedrng the HPLSBAS (as

defined in 9.9.5.6) for longer than 8 consecutive seconds shall be less than
l0-7 in any hour, assuming a user with zero latency.

Note.- Active data is defined to be data that have not tinrcd out per 9.9.8.1 .2 . This
requirement includes core satellite constellation( s ) and SBAS failure s.

9.9.7.3.2 PRN mask and Issue oJ data - PRN (IODP). SBAS shall broadcast a PRN
mask and IODP (Type I message). The PRN mask values shall indicate
whether or not data are being provided for each GNSS satellite. The IODP
shall change when there is a change in the PRN mask. The change of IODP
in Type I messages shall occur before the IODP changes in any other
message. The IODP in Type 2 to 5 ,7 , 24, 25 and 28 messages shall equal the
IODP broadcast in the PRN mask message (Type I message) used to
desrgnate the satellites for which data are provided in that message.



Kenya Subsidiary l* gislation, 20 1 8 2249

Table B-54. Data broadcast intervals and supported functions

Drot1p?

l&rioo
ho.dcrl
idrnd RfiPtrg

GNSS

rrllitt
sfins

Bat
difttafil
cotcto

F !.ie
diftcdid
cunctoa

Ascid
r',ltt
!P.3

Clock-Eplcocris cor uiance matix
SBAS rn tcst nnde

PRNm"t
I.JDREI

Fast conectioos

Lmg-tcm corrections

GEO ragrng frmum daa

Fast cornttion dcgndrtim
Degradatim Fanctcrs
Iooospheric grd mrst
Imospheoc ccrectimr GIVEI

Tinng daa

Alnanac data

Srnice level

Modulation

SNT+o-GPS time 9.2.4.5

100 s

3ffis

9.2.4.4.5 monitor for
waveform distortion

RRR
RIRR
RIRR

R'RR
RRRR

R'RR
R
R

R

RRRR
(reiVorc0 (sceiloteJ) (sceJVatc$ (sce.VoteJ)

RRRR

Cease ranging function (Note l)

120 s

6s
120 s

6s
Id2

(seeNote {)
120 s

110 s

120 s

120 s

300 s

100 s

300 s

28

0

1

2n6,24
2to 5.24

24.25

9

7

10

18

26

t2

t7
27

Notes.-
I . "R" indicates that the data must be broadcast to support the function.
2 . 'R* " indicates special coding as described in 9 .9.7 .3 .3 .

3. Type 12 messages are only required if data are provided for GLONASS
satellites.

4. Ifc refers to the PA/APV time-out interval for fast corrections, as defined in
Table B-57.

Table B-55. SBAS radio frequency monitoring

Parameter Reference Alarm limit Required action

Signal power level 9 .2.4.4.3 minimum specified power Cease ranging function (Note I )
maximum specified power Cease broadcast
Part (Note 2)

Carrier frequency

Stability

Code/frequency
Coherence

9.9.2.1

9.9.2.4

N/A

(Note 3)

N/A

(note 3)

N/A
(note 3)

Ceasexanglng flnnfxr unless dJDRE
reflects rror.

Cease rang[E f,trrritrr unless dLrDRE
reflects error

Cedse ranging futrixrunles oUDF.E
reflects error
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Maxrmum code
phase deviatron
Convolutional
Encoding

N/A
(Notes 2 and 3)
all transmit messages
are erroneous

Cease rarging frrruh mless d rr*
reflects error
Cease broadcast

9.9.2.6

9.9.2.9

Notes.-

1 . Ceasing the ranging fitnction is accomplished by broadcasting a URA and a 2

UDRE of "Do Nor Use" for that SBAS satellite.

2. These parameters can be ntonitored by their impact on the received signal quality
(C/N0 impact), since that is the impact on the user.

3. Alarm limits are not specified because the induced eruor is acceptable, provided it is
represented in the a 2
UDRE and URA parameters . If the error cannot be represented, the ranging function
must cease.

9.9.7.3.2.1 When the PRN mask is changed, SBAS shall repeat the Type I message
several times before referencing it in other messages to ensure that users
receive the new mask.

9.9.7.3.3 Integrity data. lf SBAS does not provide the basic differential correction
function, it shall transmit fast corrections, long-term corrections and fast
correction degradation parameters coded to zero for all vrsible satellrtes
indicated in the PRN mask.

9.9.7.3.3.1 If SBAS does not provide the basic differential correction function, SBAS
shall indicate that the satellite is unhealthy ("Do Not Use") if the pseudo-
range error exceeds 150 metres.

9.9.7.3.3.2 If SBAS does not provide the basrc drfferentral correction function, SBAS
shall indicate that the satellite is "Not Monitored" if the pseudo-range error
cannot be determined.

9.9.7.3.3.3 If SBAS does not provide the basic differentral correction function, SBAS
shall transmit a UDREI, of 13 if the satellite is not "Do Not Use" or "Not
Monitored".

9 .9 .7 .3 .3 .4 The IODFj parameter in Type 2 to 5 ,6 or 24 messages shall be equal to 3

9.9.7.4 Basic differential correction function. If an SBAS provides a basic
differential correction function, rt shall comply with the requlrements
contained in this section in addition to the GNSS satellite status function
requirements defined in 9 .9 .7 .3 .

9.9;t.4.1 Perfornrunce of basic dilJerential correction Junction. Given any valid
combination of active data, the probability of a horizontal error exceeding the
HPLSBAS (as defrned in 9.9.5.6) for longer than 8 consecutive seconds shall
be less than l0-7 in any hour, assuming a user with zero latency.
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Note .- Active data is defined to be data that has not timed out per 9 .9 .8.1 .2 . This
requirement includes core satellite constellation( s) and SBAS failures

9.9.7.4.2 Long-ternt corrections. Except for SBAS satellites from the same service
provider, SBAS shall determine and broadcast long-term corrections for each
visible GNSS satellite (see Note) indicated in the PRN mask (PRN mask
value equal to "1"). The long-term corrections shall be such that the core
satellite constellation(s) satellite position error projected on the line-of-sight
to any user in the satellite footprint after application of these long-term
corrections is less than 256 metres. For each GLONASS satellite, SBAS shall
translate satellite coordinates into WGS-84 as defined in 9.9.5.2 prior to
determining the long-term corections. For each GPS satellite, the broadcast
IOD shall match both the GPS IODE and 8 LSBs of IODC associated with
the clock and ephemeris data used to compute the corrections (9.5 .I .3. t .4 and
9.5.1.3.2.2). Upon transmission of a new ephemeris by a GPS satellite, SBAS
shall continue to use the old ephemeris to determine the fast and long-term
error corrections for at least 2 minutes and not more than 4 minutes. For each
GLONASS satellite, SBAS shall compute and broadcast an IOD that consists
of a latency and a validity interval as defined in 9 .5 .4.4.1 .

Note.- The criteria for satellite visibility include the locations of reference stations and
the achieved mask angle at those locations.

9.9.7.4.2.1 To ensure accurate range rate corrections, SBAS shall mlnlmlze
discontinuities in the satellite ephemerides after application of long-term
corrections.

9.9."1.4.3 Fast corrections. SBAS shall determine fast corrections for each visible
GNSS satellite indicated in the PRN mask (PRN mask value equal to "1").
Unless the IODF = 3, each time any fast correction data in Type i 0 = 2,3,4
or 5) message changes, the IODFj shall sequence "0, 1, 2, 0, ...".

Note.- If there is an alarm condition, the IODFj may equal 3 (see 9.9.7.4.5 ).

9.9;l .4.4 Timing data. If data are provided for GLONASS, SBAS shall broadcast the
timing message (Type 12 message) including GLONASS time offset as

defined in Table B-44.

9.9.7.4.5 Integrity data. Fot each satellite for which corrections are provided, SBAS
shall broadcast integrity data (UDREIi and, optionally, Type 27 or 28
message data to calculate 6UDRE) such that the integrity requirement in
9.9.7.4.1 is met. If the fast corrections or long-term corrections exceed their
coding range, SBAS shall indicate that the satellite is unhealthy ("Do Not
Use"). If o2,.rr*, cannot be determined, SBAS shall indicate that the satellite
is "Not Monitored".

If Type 6 message is used to broadcast o 2i,UDRE, then:

a) the IODFj shall match the IODFj for the fast corrections received in Type j
message to which the o2,.ro"o apply; or
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b). the IODFj shall equal 3 if the o2,.uo"" apply to all valid fast corrections
received in Type j message which have not timed out.

9.9.7.4.6 Degradation data. SBAS shall broadcast degradation parameters (Type 7

message) to indicate the applicable time out interval for fast corrections and
ensure that the integrity requirement in 9.9.7.4.1 is met.

9.9.7.s Precise dffirential correction function. If SBAS provides a precise

differential corection function, it shall comply with the requirements
contained in this section in addition to the basic differential correction
function requirements in 9 .9 .7 .4

9.9 .7 .5.1 Perfornrunce o! precise differential correction Junction. Given any valid
combination of active data, the probability of an out-of-tolerance condition
for longer than the relevant time-to-alert shall be less than 2 x lO-1 during any
approach, assuming a user with zero latency. The time-to-alert shall be 5.2
seconds for an SBAS that supports precision approach operations, and 8
seconds for an SBAS that supports APV or NPA operations. An out-of-
tolerance condition shall be defined as a horizontal error exceeding the

HPLSBAS or a vertical error exceeding the VPLSBAS (as defined in
9.9.5.6). When an out-of-tolerance condition is detected, the resulting alert
message (broadcast in a Type 2 to 5 and 6,24,26 or 27 messages) shall be
repeated three times after the initial notification of the alert condition for a

total of four times in 4 seconds.

Note 1.- Active data is defined to be data rhat has not timed out per 9.9.8.1 .2. This
requirement includes core satellite constellation(s) and SBAS failures.

Note 2.- Subsequent messages can be transnritted al the normal update rate

9.9.7.5.2 lonospheric grid point (IGP) mask. SBAS shall broadcast an IGP mask and
IODIk (up to I I Type l8 messages, coresponding to the I 1 IGP bands). The
IGP mask values shall indicate whether or not data are being provided for
each IGP. If IGP Band 9 is used, then the IGP mask values for IGPs north of
55oN in Bands 0 through 8 shall be set to "0". If IGP Band l0 is used, then
the IGP mask values for IGPs south of 55"S in Bands 0 through 8 shall be set

to "0". The IODI* shall change when there is a change of IGP mask values in
the k'h band. The new IGP mask shall be broadcast in a Type 18 message
before it is referenced in a related Type 26 message. The IODI, in Type 26
message shall equal the IODI.broadcast in the IGP mask message (Type l8
message) used to designate the IGPs for which data are provided in that
message.

9.9.7.5.2.1 When the IGP mask is changed, SBAS shall repeat the Type 18 message
several times before referencing it in aType26 message to ensure that users

receive the new mask. The same IODII shall be used for all bands.
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9 .9 .7 .5.3 lonospheric corrections. SBAS shall broadcast ionospheric corrections for the
IGPs designated in the IGP mask (IGP mask values equal to "1").

9.9.7.5.4 lonospheric integrity data. For each IGP for which corrections are provided,
SBAS shall broadcast GIVEI data such that the integrity requirement in
9.9.7.5.1 is met. If the ionospheric correction or o 2 i,GM exceed their
coding range, SBAS shall indicate the status "Do Not Use" (designated in the
correction data, 9.9.4.6) for the IGP. If or,.o,r" cannot be determined, SBAS
shall indicate that the IGP is "Not Monitored" (designated in the GIVEI
coding).

9.9.7.5.5 Degradation dara. SBAS shall broadcast degradation parameters (Type l0
message) such that the integrity requirement in 9.9.7.5.1 is met.

9.9.7.6

9 .9 .7 .6.t

OPTIONAL FUNCTIONS

Timing data.lf UTC time parameters are broadcast, they shall be as defined in
9.9.4.8 (Type l2 message).

9.9.7.6.2 Service indication. If service indication data are broadcast, they shall be as

defined in 9.9.4.9 (Type 27 message) and Type 28 messages shall not be
broadcast. The IODS in all Type 27 messages shall increment when there is a
change in any Type 27 message data.

9 .9 .7 .6.3 Clock-ephemeris covariance matrix. If clock-ephemeris covariance matrix data
are broadcast, they shall be broadcast for all monitored satellites as defined in
9.9 .4.10 (Type 28 message) and Type 27 messages shall not be broadcast.

9.9.7.7 MONITORING

9 .9 .7 .7 .l SBAS radio frequency monitoring. The SBAS shall monitor the SBAS satellite
parameters shown in Table B-55 and take the indicated action

Note.- In addition to the radio frequency monitoring requirements in this section, it wtll
be necessary to make special provisions to monitor pseudo-range acceleration specified
in these Regulations, and carrier phase noise specified in 9.9.2.2 and correlation loss in
9.9.2.5, unless analysis and testing shows that these parameters cannot exceed the stated
limits.

9.9.7.7.2 Data monitoring. SBAS shall monitor the satellite signals to detect conditions
that will result in improper operation of differential processing for airborne
receivers with the tracking performance defined in ANS Technical Standards
Part II Vol. I Attachment D 8.11

9.9.7.7.2.1 The ground subsystem shall use the strongest correlation peak in all
receivers used to generate the pseudorange corrections.

9.9.'l .'l .3 The ground subsystem shall also detect conditions that cause more than one
zero crossing for airborne receivers that use the Early-Late discriminator
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function as defined in ANS Technical Standards Part II Vol. I, Attachment D
8.1I

9.9.'l .7 .3.1 The monitor action shall be to set UDRE to "Do Not Use" for the satellite

9.9.7.7.3.2 SBAS shall monitor all active data that can be used by any user within the
service area.

9.9.7.'l .3.3 SBAS shall raise an alarm within 5.2 seconds if any combination of active
data and CNSS signals-in-space results in an out-of-tolerance condition for
precision approach (9.9.7.5.1).

9.9 .7 .7 .3 .4 SBAS shall raise an alarm within 8 seconds if any combination of active data
and GNSS signals-in-space results in an out-of-tolerance condition for en-
route through APV I (9.9.7.4.1).

Note.* The monitoring applies to all failure conditions, including failures in core
satellite constellation(s) or SBAS satellites. This monitoring assumes that the atrcraft
element complies with the requirements of RTCA/DO-229D which Change l, except as
superseded by 9.9.8 and ANS Technical Standards Part II Vol.I, Attachment D,8.1 1.

9.9.7.8 Robustness to core satellite constellation(s) failures. Upon occurrence of a

core satellite constellation(s) satellite anomaly, SBAS shall continue to operate
normally using the available healthy satellite signals that can be tracked.

9.9.8 AIRCRAFT ELEMENTS

Note 1.- The parameters that are referred to in this section are defined in 9.9.4

Note 2.- Some of the requirements of this section may not apply to equipment that
integrates additional navigation sensors, such as equipment that integrates
SBAS with inertial navigation sensors.

9.9.8.1 SBAS-capable GNSS receiver. Except as specifically noted, the SBAS-capable
GNSS receiver shall process the signals of the SBAS and meet the
requirements specified in 9.5.3.1 (GPS receiver) or 9.6.3.1 (GLONASS
receiver). Pseudo-range measurements for each satellite shall be smoothed
using carrier measurements and a smoothing filter which deviates less than
0.25 metre within 200 seconds after initialization, relative to the steady-state
response of the filter defined in 9.10.5.1 in the presence of drift between the
code phase and integrated carrier phase of up to 0.018 metre per second.

9.9.8.1.1 GEO satellite acquisition. The receiver shall be able to acquire and track GEO
satellites for which a stationary receiver at the user receiver location would
experience a Doppler shift as large as t450 Hz.

9.9.8.1.2 Conditions for use of data. The receiver shall use data from an SBAS message
only if the CRC of this message has been verified. Reception of a Type 0
message from an SBAS satellite shall result in deselection of that satellite for
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at least one minute and all data from that satellite shall be discarded, except
that there is no requirement to discard data from Type 12 and Type l7
messages. For GPS satellites, the receiver shall apply long-term corrections
only if the IOD matches both the IODE and 8 least significant bits of the
IODC. For GLONASS satellites, the receiver shall apply long-term corrections
only if the time of reception (tr) of the GLONASS ephemeris is inside the
following IOD validity interval, as defined in9.9.4.4.1:

tLT-L-V<tr<tLT-L

Note I .- For SBAS satellites, there is no ntechanism that links GEO ranging function
data (Type 9 message) and longterm corrections.

Note 2.- This requirement does not imply that the receiver has to stop tracking the SBAS

satellite.

9.9 .8.1 .2.1 SBAS satellite identification. Upon acquisition or re-acquisition of an
SBAS satellite, the receiver shall not use SBAS satellite data unless the
calculated separation between the satellite position derived from its CEO
ranging function parameters and the satellite position derived from the
almanac message most recently received from the same service provider
within the last 15 minutes is less than 200 km.

Note.- This check ensures that a receiver will not mistake one SBAS satellite for another
due to cross-correlation during acquisition or re-acquisition.

9.9.8.1 .2.2 The receiver shall use integrity or correction data only if the IODP
associated with that data matches the IODP associated with the PRN mask.

9 .9.8.1 .2.3 The receiver shall use SBAS-provided ionospheric data (IGP vertical delay
estimate and GIVEIi) only if the IODIk associated with that data in a Type
26 message matches the IODIk associated with the relevant IGP band mask
transmitted in a Type 18 message.

9.9.8.1.2.4

9 .9.8.1 .2.5

9.9.8.1.2.6

The receiver shall use the most recently received integrity data for which
the IODFj equals 3 or the IOD{ matches the IODF, associated with the fast
correction data being applied (ifcorrections are provided).

The receiver shall apply any regional degradation to the o2i,UDRE as

defined by a Type 27 service message. If a Type 27 message with a new
IODS indicates a higher 6uo*u for the user location, the higher 6ur*u shall
be applied immediately. A lower 6ro* in a new Type 27 message shall not
be applied until the complete set of messages with the new IODS has been
received.

The receiver shall apply satellite-specific degradation to the o,.*^.2 as

defined by a Type 28 clockephemeris covariance matrix message. The
6uo*o derived from a Type 28 message with an IODP matching that of the
PRN mask shall be applied immediately.
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9.9.8.1.2.7 In the event of a loss of four successive SBAS messages during an SBAS-
based approach operation with a HAL of 40 m or a VAL of 50 m or less,
the receiver shall invalidate all UDREI data from that SBAS satellite.

9.9.8.1.2.8 The receiver shall not use a broadcast data parameter after it has timed out
as defined in Table 8-56.

9.9.8.1 .2.9 The receiver shall not use a fast corection if At for the associated RRC
exceeds the time-out interval for fast corrections, or if the age of the RRC
exceeds 8At.

9.9.8.1.2.10 ThecalculationoftheRRCshallbereinitializedifa"DoNotUse"or"Not
Monitored" indication is received for that satellite.

9.9.8.1.2.1I For SBAS-based precision approach or APV operations, the receiver shall
only use satellites with elevation angles at or above 5 degrees.

9.9.8.1.2.12 The receiver shall no longer support SBAS-based precision approach or
APV operation using a particular satellite if the UDREIi received is greater
than or equal to 12.

Table B-56. Data time-out intervals

hn
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Fast conectioos

Loog-term conectiors

GEO raogtrg fl&ctoo &ta
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Timingdau
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0

I
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2to5.24

24.25

9

7

l0
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t2
l2
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27

360

N/A
600 s

l8s
(see Table 857)

360 s

360 s

360 s

360 s

I 200s

600 s
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600 s

None

86 400 s

240

N/A

6ffis
12s

(sec Table B-57)

240 s

240 s

240 s

240 s

1200s

600 s

864ffi s

600 s
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86 400 s
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Table B-57. Fast correction time-out interval evaluation

Fast corectioo
degradatim&cta

indicatc (ai)

NPAtic-or,
iaterrral for fast
curoctioos (16)

PA/AFtrtinr-our
inleryal ftr fast
corcctim (ta)

0
1

2
3

4
5

6
7
8
9
10
11

L2
13

L4

180 s

l8O s
153 s

135 s
135 s
llTs
99s
8ls
63s
45s
45s
27s
27s
27s
18s

120 s
120 s

102 s

90s
90s
78s
66s
54s
42s
30s
30s
18s
18s
18s
12s

9.9.8.2 RANGING FUNCTION

9.9.8.2.1 Precision approach and APV operations. The root-mean-square (l sigma) of
the total airborne error contribution to the error in a corrected pseudo-range for
an SBAS satellite at the minimum received signal power level under the worst
interference environment as defined in these Regulations shall be less than or
equal to 1.8 metres, excluding multipath effects, tropospheric and ionospheric
residual errors.

Note.- The aircrafi element will bound the errors caused by multipath and troposphere
(9.9.8.4.1). For the purpose of predicting service, the multipath enor is assumed to be

less than 0.6 ntetres ( I sigma).

9.9.8.2.ZDeparture, en-route, terminal, and non-precision approach operations. The root-
mean-squ.ue (l sigma) of the total airborne contribution to the error in a

corrected pseudo-range for an SBAS satellite at the minimum received
signal power level under the worst interference environment as defined in
these regulations shall be less than or equal to 5 metres, excluding
multipath, tropospheric and ionospheric errors.
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9.9.8.2.3 SBAS satellite position

9.9.8.2.3.1 Position computation. The receiver shall decode Type 9 message and
determine the code phase offset and position (XG, YG, ZG) of the SBAS
satellite.

9.9.8.2.3.2 SBAS satellite identification. The receiver shall discriminate between SBAS
satellites.

Note.- This requirement applies to false acquisition of a satellite due to cross-
correlation.

9.9.8.2.4 Almanac data

9.9.8.2.4.1 The almanac data provided by the SBAS shall be usedfor acquisition.

Note.- Health and status information provided in the GEO almanac data does not
override or invalidate data provided in other SBAS messages. The use of bits 0 to 2 by
airborne equipment is optional; there are no requirements covering their usage.

9.9.8.3 GNSS satellite status function. The receiver shall exclude satellites from the
position solution if they are identified as "Do Not Use" by SBAS. If SBAS-
provided integrity is used, the receiver shall not be required to exclude GPS
satellites based on the GPS-provided ephemeris health flag as required in
9.5.3.1.1 or to exclude GLONASS satellites based on GLONASS-provided
ephemeris health flag as required in 9.5 .3. 1 .l .

Note 1 .- In the case of a satellite designated marginal or unhealthy by the core satellite
constellation(s) healthflag, SBAS may be able to broadcast ephemeris and clock
corrections that will allow the user to continue using the satellite.

Note 2 .- lf satellites identified as " Not Monitored" by SBAS are used in the position
solution, integrity is not provided by SBAS. ABAS or GBAS may be used to provide
integrity, if available.

9.9.8.4 BASIC AND PRECISE DIFFERENTIAL FUNCTIONS

9.9.8.4.1Core satellite constellation(s) ranging accuracy. The root-mean-square (l sigma)
of the total airborne contribution to the error in a corrected pseudo-range for a

GPS satellite at the minimum and maximum received signal power level under
the worst interference environment as defined in these regulations shall be less
than or equal to 0.36 metres for minimum signal level and 0.15 metres for
maximum signal level, excluding multipath effects, tropospheric and
ionospheric residual errors. The RMS of the total airborne contribution to the
error in a corrected pseudo-range for a GLONASS satellite at the minimum
received signal power level under the worst interference environment as defined
in these regulations shall be less than or equal to 0.8 metres, excluding multipath
effects, tropospheric and ionospheric residual errors.
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9.9.8.4.2 P rec ision approach and APV operations

9.9.8.4.2.1 The receiver shall obtain correction and integrity data for all satellites in the
position solution from the same SBAS signal (PRN code).

9.9.8.4.2.2 The receiver shall compute and apply long-term corrections, fast
corrections, range rate corrections and the broadcast ionospheric
corrections. For GLONASS satellites, the ionospheric corrections received
from the SBAS shall be multiplied by the square of the ratio of GLONASS
to GPS frequencies (fcLoNAss/fcps)2.

The receiver shall use a weighted-least-squares position solution.9.9.8.4.2.3

9.9.8.4.2.4 The receiver shall apply a tropospheric model such that residual pseudo-
range errors have a mean value (p) less than 0.15 metres and a I sigma
deviation less than 0.07 metres.

Note.- A model was developed that meets this requirement. Guidance is provided in
Attachment D,6.5.4.

9.9.8.4.2.5 The receiver shall compute and apply horizontal and vertical protection
levels defined in 9.9.5.6. In this computation, o,-o* shall be:

1.001

./o-oozoor + on2(eJ
x 0.12 m

where 0i is the elevation angle ofthe ith satellite.

In addition, oi,air shall satisfy the condition that a normal distribution with zero mean and
a standard deviation equal to oi.air bounds the error distribution for residual aircraft
pseudo-range errors as follows:

v
for all 0 and

(t
<Q(r)d"i"

f 'v

J ur"l.- . o(:) forall 1> o

Where

fn(x) = probability density function ofthe residual aircraft pseudo-range error and

i
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Q(r) *r-"
f
Tdt

Note.- The standard allowance for airborne multipath defined in 9.l,0.5 .5 .1 may be used
to bound the muhipath errors.

9.9.8.4.2.6 The parameters that define the approach path for a single precision
approach or APV shall be contained in the FAS data block.

Note .- For SBAS, FAS data blocks are stored in airborne databases.Theformat of the
data for validation of a cyclic redundancy check is shown in ANS Technical Standards
Part II, Vol. I ,Attachment D,6.6. It differs from the GBAS FAS data block in 9.10.4.5 in
that it contains the SBAS HAL and VAL for the particular approach procedure. For
approaches conducted using SBAS pseudo-rang,e corrections, the service provider ID in
the FAS data block is the same as the service provider ID broadcast as part oJ the health
and status information in Type 17 nzessage. If the service provider ID in the FAS data
block equals 15, then any service provider can be used. If the service provider ID in the
FAS data block equals 14, then SBAS precise differential corrections cannot be used for
the approach

9.9.8.4.2.6.1 FAS data block parameters shall be as follows (see Table B-57A)

Operation rype.' straight-in approach procedure or other operation types.

Coding: 0 = straight-in approach procedure
1 to 15 = spare

SBAS service provider 1D.' indicates the service provider associated with this FAS data
block.

Coding: See Table B-27

14 = FAS data block is to be used with GBAS only.
l5 = FAS data block can be used with any SBAS service provider

Airport ID: the three- or four-letter designator used to designate an airport.

Coding: Each character is coded using the lower 6 bits of its IA-5 representation. For
each character,

bl is transmitted first, and 2 zero bits are appended after b6, so that 8

bits are transmitted for each character. Only upper case letters, numeric
digits and IA-5 "space" are used. The rightmost character is transmitted
first. For a three-character airport
ID, the rightmost (first transmitted) character shall be IA-5 "space".
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Runway number: the runway orientation, point-in-space final approach course, or SBAS
circling only procedure course rounded to the nearest l0 degrees and truncated to two
characters.

Coding: 0l to 36 = rurwoy number

Note.- For heliport operations, the runway number value is the integer nearest to one
tenth ofthe final approach colrse, except when that integer is zero, in which case the
runway number is 36.

Runway letter: the one-letter designator used, as necessary, to differentiate between
parallel runways.

Coding: 0=noletter
I = R (right)
2 = C (centre)
3 = L (left)

Approach performance designator: this field is not used by SBAS

Route indicator.' a "blank" or the one-letter identifier used to differentiate between
multiple procedures to the same runway end.

Note.- Procedures are considered to be dffirent even iJthey only differ by the missed
approach segment.

Coding: The letter is coded using bits bl through b5 of its IA-5 representation. Bit b1 is
transmitted first. Only upper case letters, excluding "1" and "O", or IA-5 "space" (blank)
are used. Blank indicates that there is only one procedure to the runway end. For multiple
procedures to the same runway end, the route indicator is coded using a letter starting
fromZ and moving backward in the alphabet for additional procedures.

Reference path data selector (RPDS): this field is not used by SBAS
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Table B-57A. Final approach segment (FAS) data block

DaLrfitaol Bits ns.d R.ugc of v.ht6 R!.ohti@

Opentioo5pe
SBAS scnice prorider ID
Airport ID
Runwry number
Runway letter
Approach performance dcsi gnator

Route indicator
Refcrence path &a selcctor
Rcference path idmtifrer
LTP/FTP latitude
LTP,/FTP lmgrude
LTP/FTP height
AFPAP lautudc
AFPAP lmgitude
Approach TCH (Note l)

Approact TCH rmis selector

Gli& path anele (GPA)

Course u'idth
Al.cng6 offsct
Hqizmtal alert linit (HAL)
Vertical alen limil (\/11) (Note 4

0to15
0ro 15

01 to 36

0to 7

0to48

*90.00

*190.0"

-512.0 to 6 041.5 m
jI.00
tl.ff

0 to I 638.35 m or
0to1276.7ft

0 to 90.0o

80 to 143.75 m
0to20l2m
0 to 51.0 m
0 to 51.0 m

4
4

32

6

2

l
5

8

32

32

32

16

24
24
l5

I
l6
8

8

8

8

12

I
I

I

;

I

0.0005 rcsec
0.0005 rrcsec

0.1m
0,0005 arcsec

0.0005 rcscc
0.05 mor

0lft

0.01o

0.25 m
8m

0.2 m
0.2 m

Fiaal approach segmro! CRC

Note l.- Information can be provided in either feet or metres as indicated by the
approach TCH
unit selector.
Note 2.- A VAL of 0 indicates that the vertical deviations cannot be used (i.e., a lateral
only
approach). This does not preclude providing advisory vertical guidance on such
approaches.

Reference path identifier (RPl); four characters used to uniquely designate the reference
path. The four characters consist of three alphanumeric characters plus a blank or four
alphanumeric characters.

Note.- The best industry practice matches the 2nd and 3rd character encoding to the
encoded runway number. The last character is a letter starting lrom A or a " blank."

Coding: Each character is coded using bits b1 through b6 ofits IA-5 representation. For
each character, bl is transmitted first, and2 zero bits are appended after b6 so that 8 bits
are transmitted for each character. Only upper case letters, numeric digits and IA-5
"space" are used. The rightmost character is transmitted first. For a three-character
reference path identifier, the rightmost (first transmitted) character shall be IA-5 "space".
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Note.- The LTP|FTP is a point over which the FAS path passes at a height above the
LTPIFTP height specified by the TCH.

LTP|FTP latitude: the latitude of the LTP/FTP point in arc seconds

Coding: positive value denotes north latitude.

negative value denotes south latitude

LTPIFTP longitude: the longitude of the LTP/FTP point in arc seconds

Coding: positive value denotes east longitude
negative value denotes west longitude

LTP|FTP height: the height of the LTP/FTP above the WGS-84 ellipsoid

Coding: This field is coded as an unsigned fixed-point number with an offset of -512
metres. A value of zero in this field places the LTP/FIP 512 metres below the earth
ellipsoid.

Note.- The FPAP is a point at the same height as the LTP|FTP that is used to define the
alignment of the approach. Theorigin of angular deviations in the lateral direction is
defined to be 305 metes ( l 000 ft) beyond the FPAP along the lateral FAS path. For an
approach aligned with the runway, the FPAP is at or beyond the stop end of the runway.

lFPAP latitude: the difference of latitude of the runway FPAP from the LTP/FTP in arc
seconds.

Coding: Positive value denotes the FPAP latitude north of LTPiFTP latitude.
Negative value denotes the FPAP latitude south of the LTP/FTP latitude.

/FPAP longitude: the difference of longitude of the runway FPAP from the LTP/FTP in
arc seconds.

Coding: Positive value indicates the FPAP longitude east of LTP/FTP longitude,
Negative value indicates the FPAP longitude west of LTP/FTP longitude

Approach TCH: the height of the FAS path above the LTP/FTP defined in either feet or
metres as indicated by the TCH units selector.

Approach TCH units selector: the units used to describe the TCH.
Coding: 0 = feet

I = metres

Glide path angle (GPA): the angle of the FAS path with respect to the horizontal plane
tangent to the WGS-84 ellipsoid at the LTPiFTP.

Course width: the lateral displacement from the path defined by the FAS at the LTP/FTP
at which full-scale deflection of a course deviation indicator is attained.
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Coding: This field is coded as an unsigned fixed-point number with an offset of 80
metres. A value of zero in this field indicates a course width of 80 metres at the
LTP/FTP.
ALength oflset: the distance from the stop end of the runway to the FPAP.

Coding: llll llll =notprovided

HAL: Horizontal alert limit to be used during the approach in metres
VAL: Yertical alert limit to be used during the approach in metres.

Final approach segment CRC; the 32-bit CRC appended to the end of each FAS data

block in order to ensure approach data integrity. The 32-bit final approach segment CRC
shall be calculated in accordance with 9.13. The length of the CRC code shall be k = 32

bits.

The CRC generator polynomial shall be

G(x) = r32 + xll + x2a + x2: + xl6 + xtf * xa + x7 + xi + x] + x + I

The CRC information field, M(x), shall be:

288

r.,r(*)=I rqx288-i = mr#87 * n4f86 +... + rr2ggx0

i=1

transmitted, such that ml corresponds to the LSB of the operation type field, and m288
corresponds to the MSB of the Vertical Alert Limit (VAL) field. The CRC shall be

ordered such that r1 is the LSB and r32 is the MSB.

9.9.8.4.2.6.2 For precision approach and APV operations, the service provider ID
broadcast Type l7 message shall be identical to the service provider ID
in the FAS data block, except if ID equals 15 in the FAS data block.

Note.- If the service provider ID in the FAS data block equals 15, then any service
provider can be used. If the service provider ID in the FAS data block equals 14, then

SBAS precise dffirential conections cannot be used for the approach.

9.9.8.4.2.6.3 SBAS FAS data points accuracy. The survey error of all the FAS data
points, relative to WGS-84, shall be less than 0.25 metres vertical and I
metre horizontal.

9.9.8.4.3 Departure, en-route, terminal, and non-precision approach operations
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9.9.8.4.3.1 The receiver shall compute and apply long-term corrections, fast corrections
and range rate corrections.

9.9.8.4.3.2 The receiver shall compute and apply ionospheric coffections.
Note .- Two methods of computing ionospheric correclions are provided in 9.5 .2 .4 and
9.9.s.s.2.

9.9.8.4.3.3 The receiver shall apply a tropospheric model such that residual pseudo-

range effors have a mean value (p) less than 0.15 metres and a standard
deviation less than 0.07 metres.

Note .- A model was developed that meets this requirement. Guidance is provided in
ANS Technical Standards Part II Vol. I, Attachment D, 6.5 .4.

9.9.8.4.3.4 The receiver shall compute and apply horizontal and vertical protection
levels as defined in 9.9.5.6. In this computation, oropo shall be: obtained
either from the formula in 9.9.8.4.2.5, which can be used for elevation
angles not less than 4 degrees, or from the alternate formula below, which
can be used for elevation angles not less than 2 degrees.

where 0i is the elevation angle of the ith satellite

In addition, o,u,. shall satisfy the condition that a normal distribution with zero mean and
standard deviation equal to o,,,, bounds the error distribution for residual aircraft pseudo-
range errors as follows:

-,,===i1l!01.=x;x (r +o.ors x (mex(0,4-aJ)') r 0.12 m
,/o.oozoor * stnz(os)

I rr(x)ax < q v
forall - > 0and

o

-v

/ r,or* = o(:) fora[ I 2 o

v

-@

Where

fn(x) = probability density function of the residual aircraft pseudo-range error and

Q(x)
t2
2 dt

Note.- The standard allowance for airborne multipath defined in 9.10.5 .5 .1 may be used

to bound the multipath errors.

I:,l2n
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9.9.8.4.4 For departure, en-route, terminal, and non-precision approach operations, the
receiver shall use the broadcast ionospheric corrections, when available, and a

tropospheric model with performance equal to that specified in 9.9.8.4.3.

9.9.9 INTERFACE BETWEEN SBAS

Guidance material on the interface belween different SBAS service providers shall be as
provided in ANS Technical Standards Part Il, Vol I, Attachment D,6.3.

9.lO Ground-based augmentation system (GBAS) and
ground-based regional aug,mentatiorr s>,stem (GRAS)

9.IO.I GENERAL

The GBAS shall consist of a ground subsystem and an aircraft subsystem. The GBAS
ground subsystem shall provide data and corrections for the GNSS ranging signals over a

digital VHF data broadcast to the aircraft subsystem. The GRAS ground subsystem shall
consist of one or more GBAS ground subsystems.

9.10. l.l GBAS service types. A GBAS ground subsystem shall support either the
positioning service, approach service or both types of servrce.

Note I.- Service types refers to a nntched set of ground ancl airborne functional and
perJormance requirentents that ensure that quantifiable navigation performance is
achieved by the airborne equipntent. Guidance material concerning service types is given
in ANS Technical Standards Part II , Vol I , Attachment D, 7 .l .

Note 2.- GBAS ground facilitres are characterized by a GBAS facility classification
(GFC). Many GBAS performance and functional requirements depend on the GFC.
These SARPs are organized according to which requirements apply Jor a given facility
classification elentent (i.e. the facility approach service type (FAST) letter, the Jacility
polariTatiorr etc.). Guidance nnterial ctsncerning factlity classifications is given in ANS
Technical Standards Part Il, Vol I, Attachment D,7.1 .4.1 ).

9.10.1.2 All GBAS ground subsystems shall comply with the requirements of 9.10.1 to
9.10.7 unless otherwise stated. A FAST D ground subsystem shall also comply
with alt FAST C requirements in addition to the specific FAST D requirements.

Note.- Guidance material is provided in ANS Technical Standards Part II, Vol I
Attachment D.7.1 .

9.1O.2 RFCHARACTERISTICS

9.10.2. I Carrier frequency stability. The carrier frequency of the data broadcast shall be
maintarned within +0.0002 percent of the assigned frequency.

9.10.2.2 Bit-to-phase-change encodjrg. GBAS messages shall be assembled into
symbols, each consisting oR consecutive message bits. The end of the message
shall be padded by I or 2 fill bits rf necessary to form the last 3-bit symbol of the
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message. Symbols shall be converted to D8PSK carrier phase shifts (AO*) in
accordance with Table B-58.

Note .- The carrier phase for the llh symbol (@) is given by: @*=@r-r+ LAy . The DSPSK

signal may be produced as shown in Figure B-19 by combining two quadrature RF
signals which are independently suppressed-carrier amplitude modulated by base band

filtered impulses . A positive increase in L@* represents a counter clockwise rotation in
the complex I-Q plane of Figure B-19.

9.10.2.3 Modulation wave form and pulse shaping filters. The output of differential phase
encoder shall be filtered by a pulse shaping filter whose output, s(t), is described
as follows:

IFTD

ts-E
Where

h = the impulse response of the raised cosine filter;
@k - (as defined in9.10.2.2\;
t = time: and
T = the duration ofeach symbol = l/10 500 second

This pulse shaping filter shall have a nominal complex frequency response of a raised-
cosine filter with o = 0.6. The time response, h(t), and frequency response, H(f), of the
base band filters shall be as follows:

s(t)- f .*h(t-tff)

,io(+)cos(+)
h(t)=

H(0=

+[' (3iq']

L for g.1q1-o

r-'i"(ftrzn-rl)
2

1-a
for ,,

1*asf < rt
1*c,, z,0 for

The output s(t) of the pulse shaping filter shall modulate the carrier
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9.10.2.4 Error vector nmgnitude. The error vector magnitude of the transmitted signal
shall be less than 6.5 per cent root-mean-square (l sigma).

9.10.2.5 RF data rate.The symbol rate shall be 10 500 symbols per second t0.005 per
cent, resulting in a nominal bit rate of 3 I 500 bits per second.

Table B-58. Data encoding

Iflessagn hits Strobolphase *ift

I:r
0
1

I
0
0
I
I
0

In-r
0
0
I
I
I
I
0

0

Ia-:
0
0
0
0

I
I
1

I

^hOilJ4

lTtl4
.ltl4
3TtJ4

4r"r4

srJ4
fuat4

7r.14

)hte.- I, rs th6"P tlt qf ttu bwst to b tarsu,nd. a$re 11 is thefirsr
bit d the traini4g.rquana.

9.10.2.6 Emissions in unassigned time slots. Under all operating conditions, the
maximum power over a 25 kHz channel bandwidth, centred on the assigned
frequency, when measured over any unassigned time slot, shall not exceed -105
dBc referenced to the authorized transmitter power.

Note.- The -105 dBc may not protect reception of emissions in a slot assigned to
another desired transmitter for receivers within 80 metres from the undesired
transmitting antenna.

9.I0.3 DATA STRUCTURE

9.I0.3.I TRANSMITTERTIMING

9.10.3.1 .1 Data broadcast timing structure. The time division multiple access (TDMA)
timing structure shall be based on frames and time slots. Each frame shall be
500 milliseconds in duration. There shall be 2 such frames contained in each
l-second UTC epoch. The first ofthese frames shall start at the beginning of
the UTC epoch and the second frame shall start 0.5 seconds after the
beginning of the UTC epoch. The frame shall be time division multiplexed
such that it shall consist of 8 individual time slots (A to H) of 62.5-
millisecond duration.
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9.10.3.1.2 Bursts. Each assigned time slot shall contain at most 1 burst. To initiate the
use of a time slot, the GBAS shall broadcast a burst in that time slot in each
of 5 consecutive frames. For each time slot in use, the ground subsystem shall
broadcast a burst in at least I frame of every 5 consecutive frames.

Note I .- Bursts contain one or more messages and may be of variable length up to the
maximum allowed within the slot as required by 9.10.3.2.

Note 2.- During time slot initiation, the airborne receiver may not receive the first 4
bursts.

9.10.3.1.3 Timing budget for bursts

9.10.3.1.3.1 Each burst shall be contained in a 62.5-millisecond time slot.

9.10.3.1 .3.2 The beginning of the burst shall occur 95.2 microseconds after the
beginning of the time slot with a tolerance of t95.2 microseconds.

9.10.3.1.3.3 For GBAS/E equipment, the start of the synchronization and ambiguity
resolution portion of the burst, transmitted with horizontal polarization
(HPOL), shall occur within l0 microseconds of the start of the burst
transmitted with vertical polarization (VPOL).

Note.- Table B-59 illustates the burst timing

9.10.3.1.4 Ramp-up and transmitter power stabilization. The transmitter shall ramp up
to 90 per cent of the steady-state power level within 190.5 microseconds
after the beginning of the burst (2 symbols). The transmitter shall stabilize
at the steady-state power within 476.2 microseconds after the beginning of
the burst (5 symbols).

Note.- The transmitter power stabilization period may be used by the aircraft receiver
to settle its automatic gain control.

9.10.3.1.5 Ramp-down. After the final information symbol is transmitted in an
assigned time slot, the transmitter output power level shall decrease to at

least 30 dB below the steady-state power within 285.7 microseconds (3

symbols).

9.10.3.2 Burst organization and coding. Each burst shall consist of the data elements

shown in Table 8-60. Encoding of messages shall follow the sequence:
application data formatting, training sequence forward error correction (FEC)
generation, application FEC generation and bit scrambling.

9.10.3.2.1 Synchronization and ambigttity resolution. The synchronization and
ambiguity resolution field shall consist of the 48-bit sequence shown below,
with the rightmost bit transmitted first:

0r0 001 l l l I0l ll l l l0 00l 100 011 l0l 100 000 011 110 010 000



Event
percentaSe
power

Nominal event duration Nominal of
of steady-state

Ramp-up
9OVo

190.5 ps OVo to

Transmitter power stabilization
IOOVo

285.7 ps 9OVo to

Synchronization and ambiguity resolution I 523.8 ps IOOVo

Transmission of scrambled data 58 761.9 ps l00Vo

Ramp-down
to 07o

285.7 ps (Note I) IOOVo
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Table B-59. Burst timing

Notes.-

l. Event duration indicated for n'ansmission of scrambled data is Jor maximum
application data length of I 776 bits,2 fill bits and nominal symbol duration.

2. These timing requirements provide a propagation guard time of I 259 microseconds,
allowing for a one-way propagatiort range of approximately 370 km (200 NM).

3. Where bursts from a GBAS broadcast antenna can be received at a range more than
370 km (200 NM) greater than the range from another broadcast antenna using, the
next adjacent slot, a longer guard trme is required to a'u'oid loss of both bursts. To
provide a longer g,uard tinte, it is necessury to limit the application data length of the

first burst to I 744 brts. This allows a difference in propagation ranges of up to 692
km (372 NM) withour conflict.

Table 8-60. Burst data content

Note .- Dara scrambling of the Jill bits is optional (9.10.3 .3 .6)

Element Data content Number of brts

Beginning of burst all zeros l5
Power stabilization

Synchronizatron and ambrguity resolution 9.10.3.2.1 48

Scrambled data: 9.10.3.3

station slot identrfier (SSID) 9.10.3.3.1 3

transmission length 9.10.3.3.2 17

trainrng sequence FEC 9.10.3.3.3 5

application data 9.10.3.3.4 up to I 776

application FEC 9. I 0.3 .3 .5 48

fill bits (Nore) 9.t0.2.2 0to2
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9.I0.3.3 SCRAMBLED DATA CONTENT

9.10.3.3.l Station slot identifier (SSID). The SSID shall be a numeric value

corresponding to the letter designation A to H of the first time slot assigned

to the GBAS ground subsystem, where slot A is represented by 0, B by 1, C

by 2, ... and H by 7. The identifier is transmitted LSB first.

9.10.3.3.2 Transmission length. The transmission length shall indicate the total

number of bits in both application data and application FEC. The

transmission length is transmitted LSB first.

9.10.3.3.3 Training sequence FEC.The training sequence FEC shall be computed over

the SSID and transmission length fields, using a (25,20) block code, in
accordance with the following equation:

P,, ..., Prl - [SSIDI, ...,SSID1,TL,, ...,TLr7] Hr

Where

Pn = the nth bit of the training sequence FEC (Pl shall be transmitted first);
SSID" - the nth bit of the station slot identifier (SSID1 = LSB):

TLn = 1le nth bit in the transmission length (TLl = LSB); and

Hr = the transpose of the parity matrix, defined below:

HT:

Note.- This code is capable of correcting all single bit errors and detecting 75 of j00
possible double bit errors.

9.10.3.3.4 Application data.The application data shall consist of one or more message

blocks, as defined in 9.10.3.4. The message blocks shall be mapped directly
into the application data with no additional overhead of intervening layers.

9.10.3.3.5 Application FEC. The application FEC shall be calculated using the

application data by means of a systematic, fixed-length, Reed-Solomon (R-

S) (255,249) code.

o o o o o o o o 1 l I l 1 l 1 r r l I r-lt
001 I r r l r00001 l 1 I tl I 1l
l 10001 r 1001 10000 I I I 1l
I r01 r01 10101001 I 00 I 1l
0 I r 0 r 0 0 l I l I 0 0 I 0 l 0 l 0 1l
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9.10.3.3.5.1 The field-defining primitive, p(x), of the R-S code shall be:

P(x)=xt+x7+x2+x+ I

9.10.3.3.5.2 The generatorpolynomial of the R-S code,g(x), shall be:
1?5

c(*)= fl (x-d):x6 + sr76xs .u qrs5xr + a24.# + a176x2 + cMx+ c2a
i=120

where c, is a root of p(x) used for construction of the Galois Field of size 2t, GF(256),
and criis the i6 primitive element in GF(256).

9.10.3.3.5.3 In generating the application FEC, the data to be encoded, m(x), shall be
grouped into 8-bit R-S symbols. All data fields in the message blocks that
define the application data shall be ordered such as specified in Tables B-61
and8-62, and in the message tables in 9.10.6. However, since the R-S code
is a block code, application data blocks shorter than 249 bytes (1 992 bits)
shall be extended to 249 bytes by virtual fill bits set to zero and appended to
the application data. These virtual fill bits shall not be transferred to the bit
scrambler. The data to be encoded, m(x), shall be defined by:

(x) = axsxs+ h47#7 + .... + rx*r,q*1 #&1"*l+ amoil xW+ .... + erx+&

where

length represents the number of 8-bit bytes in the application data block;

a248 represents the message block identifier, with the rightmost bit defined as the LSB and
the first bit of the application data sent to the bit scrambler;

a24trcnsrh+r represents the last byte of the message block CRC, with the leftmost bit defined
as the MSB and the last bit of the application data sent to the bit scrambler; and

a248.tcngrh.....ar,ao are the virtual fill bits (if any).

9.10.3.3.5.4 The 6 R-S check symbols (bi) shall be defined as the coefficients of the
remainder resulting from dividing the message polynomial x6m(x) by the
generator polynomial g(x):

5

u1x1=f t,:r, + brxs+b*#+b3x3+bax2+brx1+b0 = [xim(x)] mod g(x)
ill

9.10.3.3.5.5 The 8-bit R-S check symbols shall be appended to the application data.
Each 8-bit R-S check symbol shallbe transmitted MSB first from b0 to b5,
i.e. the first application FEC bit transferred to the bit scrambler shall be the
MSB of b0 and the last application FEC bit transferred to the bit scrambler
shall be the LSB of b5.
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Note I .- Iftis R-S code is capable of correcting up to 3 symbol errors.
Note 2.- The order of the tansmitted 8-bit R-S check symbols oJ the appended
application FEC differs from the VHF data link (VDL) Mode 2. Moreover,for VDL Mode
2 each R-S check symbol is transmitted LSB first.
Note 3.- Example results of application FEC encoding are given in ANS Technical
Standards Part II Vol. l, Attachment D , 7 .1 5 .

Table 8-61. Format of a GBAS message block

hdessage bhc[ Bits

Ivlessage block hradcr
lvtessage

CRC

48

Wtol696
12

Table 8-62. Format of message block header

Data 6dd Ilits

IWessage block ideotifier
GBAS ID
Messagp tlpe identifier
Messagp leogfr

I
24
I
I

9.r0.3.3.6

9.10.3.3.6.l

Bit scrambling

The output of a pseudo-noise scrambler with a l5-stage generator register
shall be exclusive OR'ed with the burst data starting with the SSID and
ending with the application FEC. Bit scrambling of the fill bits is optional
and the set value of the fill bits is optional.

Note.- The fill bits are not used by the aircraft receiver and their values have no intpact
on the system.

9.10.3.3.6.2 The polynomial for the register taps of the scrambler shall be I + x + xt5.

The register content shall be rotated at the rate of one shift per bit. The
initial status of the register, prior to the first SSID bit of each burst, shall be

"1 101 0010 1011 001", with the leftmost bit in the first stage of the register.
The first output bit of the scrambler shall be sampled prior to the first
register shift.
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Note.- A diagram of the bit scrambler is given in ANS Technical Standards Part II Vol
I, Attachment D, 7 .4 .

9.10.3.4 Messag,e block format. The message blocks shall consrst of a message block
header, a message and a 32-bit CRC. Table 8-61 shows the construction of the
message block. All signed parameters shall be two's complement numbers and
all unsigned parameters shall be unsigned fixed point numbers. The scaling of
the data shall be as shown in the message tables in 10.9.6. All data fields in the
message block shall be transmitted in the order specified in the message tables,
with the LSB of each field transmrtted first.

Note.- All binary representations reading leJt to right are MSB to LSB

9.10.3.4.1 Message block header. The message block header shall consist of a

message block identifier, a GBAS rdentifier (ID), a message type identifier
and a message length, as shown in Table B-62.

Message block denrifier.' the 8-bit identifier for the operating mode of the GBAS
message block.

Coding: 1010 l0l0 = normal GBAS message

llll llll =testGBASmessage

All other values are reserved.

GBAS ID: the four-character GBAS identification to differentiate between GBAS ground
subsystems.

Coding: Each character is coded using bits bl through b6 of its International Alphabet
No. 5 (IA-5) representation. For each character, bit bl is transmitted first and six
bits are transmitted for each character. Only upper case letters, numeric digits
and IA-5 "space" are used. The rightmost character is transmitted first. For a

three-character GBAS ID, the rightmost (first transmitted) character shall be IA-
5 "space".

Note.- The GBAS ID is normally identical to the location indicator at the nearest
airport. Assig,nnrcnt of GBAS IDs will be coordinated as appropriate to avoid conflicts

Message type dentifier: the numeric label identifying the content of the message (Table
B-63).

Message length: the length of the message in 8-bit bytes including the 6-byte message
block header, the message and the 4-byte message CRC code.

9.10.3.4.2 Cyclic redundancy check (CRC). The GBAS message CRC shall be

calculated in accordance with these regulations.

9.10.3.4.2.1 The length of the CRC code shall be k= 32 bits
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9.10.3.4.2.2 The CRC generator polynomial shall be

G(x) = x3r + xil + xl{ + l: + xl6 + x'n + xt + x' + x5 + x3 + x * I

9.10.3.4.2.3 The CRC information field M(x) shall be

2275

,C.)= I m, xo-i + mrxo-r * msxo2 * ... * nroxo

i=1

9.10.3.4.2.4 M(x) shall be formed from the 48-bit GBAS message block header and all
bits of the variable-length message, excluding the CRC. Bits shall be
arranged in the order transmitted, such that ml corresponds to the first
transmitted bit of the message block header, and mn corresponds to the last
transmitted bit of the (n-48) message bits.

9.10.3.4.2.5 The CRC shall be ordered such that rl is the first bit transmitted and r32 is
the last bit transmitted.

9.10.4 DATA CONTENT

9. 10.4. 1 Message types. The message types that can be transmitted by GBAS shall be as

in Table B-63.

9.10.4.2 TYPE 1 MESSAGE _ PSEUDO-RANGE CORRECTIONS

9.10.4.2.1 The Type I message shall provide the differential correction data for
individual GNSS ranging sources (Table B-70). The message shall contain
three sections:

a) message information (time of validity, additional message flag, number of
measurements and the measurement type);

b) low-frequency information (ephemeris decorrelation parameter, satellite
ephemeris CRC and satellite availability information); and

c) satellite data measurement blocks.

Note I .- Transmission of the low-frequency data for SBAS ranging sources is optional.
Note 2.- All parameters in this message type appll,to 10?-second carrier-smoothed
pseudo-ranges.

9.r0.4.2.2 Each Type I message shall include ephemeris decorrelation parameter,
ephemeris CRC and source availability duration parameters for one satellite
ranging source. The ephemeris decorrelation parameter, ephemeris CRC
and source availability duration shall apply to the first ranging source in the
message.
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9.10.4.2.3 Pseudo-range correction parameters shall be as follows:

Modified Z-count: the indication of the time of applicability for all the parameters in the
message.

Coding: the modified Z-cowt resets on the hour (xx:00), 20 minutes past the hour
(xx:20) and 40 minutes past the hour (xx:40) referenced to GPS time.

Additional message flag: an identification of whether the set of measurement blocks in a
single frame for a particular measurement type is contained in a single Type I message or
a linked pair of messages.

Coding: 0 = All measurement blocks for a particular measurement type are contained in
one Type I message.

I = This is the first transmitted message of a linked pair of Type I messages that
together contain the set of all measurement blocks for a particular measurement
type.

2 = Spare

3 = This is the second transmitted message of a linked pair of Type I messages

that together contain the set of all measurement blocks for a particular
measurement type.

Note.- When a linked pair of Type I messages is used for a particular measurement
type, the number of measurentents and low-frequency data are computed separately for
each of the wo individual messages.

Number of measuremenrs.' the number of measurement blocks in the message.

Measurement type: the type of ranging signal from which the corrections have been
computed.
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Table B-64. GPS satellite ephemeris mask

Subfrere l: qyt I &r" I B1'te 3 D.vte I Byt 2 Byte 3

Word l
Word 5

Word 7
Word 9

0000 0000

0000 0000
0000 0000
1lu 11l1

0m000m
0000 00m
0m0 0000
1lll11l1

m00 00il
0000 0000
llll llll
l1111lll

\l'6d4
\[ord 6

\l:ord 8

Word l0

0000 0000

0000 0000
llll llll
lill llll

0000 0000

0000 00m
1111llll
llll lltl

0000 m00
0000 0000
llll lrll
llll 1100

SubfiT l BYte I fu*l Brrl ByG I B:ae I BW 3

\\ ord l
\\rd i
WudT
Wmd9

lul lltl
11ll llll
11ll llt1
lllt llll

llll llll
ltll llll
ll1l1lll
n111lll

llll llll
llll llll
ltll llll
llll llu

ll11
llll
1111

1111

illl
llll
t11l
1111

llll llll
Iul llll
Illl llll
llll llll

\Uord 4

\tr'ud 6
\tud 8

\['md 10

Iul llll
lllt llll
lllt l11l
0000 0000

Subtsre l: B.ute I ryf I 81* 3 Rlt! I 8.1,8 2 Byt! 3

\l'ord J
\I'ord 5

1\ ord 7

Word 9

ull lltl
l11l ll11
llll ll11
llll llll

l11l lill
llll llll
llll llll
llll1ll1

llll llll
ltll lllt
l111l1ll
r1111111

lltl llll
llll lt11
llll lllr
11il lllt

llll llll
llll llll
11ll llll
1111llll

\Irord 4
\[:qd 6

ll'ord 8

\t'trd 10

llll llll
llll llll
llll llll
lllr 1100

Table 8-65. GLONASS satellite ephemeris mask

Coding: I to 36 = GPS satellite IDs (PRN)
37 = reserved
38 to 6l = GLONASS satellite IDs (slor number plus 37)
62 to l19 = spare
120 to 158 = SBAS satellite IDs (PRN)
159 to 255 = spare r

Issue of data (IOD): The issue of data associated with the ephemeris data used to
determine pseudo-range and range rate corrections.

Stnag 1:

0 0000 0000 0000 0000 0000

1111 1111 llll 1111 11Il 1

Stnng l:
0 0000 0000 0000 0000 0000

1111 llll ll11l11l 1111 i
Stnng 3:

0 0000 011

1111 1111

Stnqg4:
00000llll llr1 1111 1111 I111 11000m00000000000000000
0000 0000 0000 0000 0000 0000 0000 0000 0000

llll lll
1111111

l1ll 111

111 l1i1

I 11111111 lllt ul1 l11t
00000000

I 0000 llll 111

11111111 1ll1
111

111

I llll

1 11111111 l11l11ll llll

llllt11l1ll1

0000

l11t
00000000

0000

I1111
llll l
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Coding: for GPS,IOD = GPS IODE parameter (9.5.1.3.2.2)
for GLONASS, IOD = GLONASS "tb" parameter (see 9.6.1.3.1)
foTSBAS,IOD= lll1llll

Note.- For CLONASS insert 0 in the MSB of the IOD.

Pseudo-range correction (PRC): the correction to the ranging source pseudo-range.

Range rate correction (RRC): the rate of change of the pseudo-range correction.
op,_4n6i the standard deviation of a normal distribution associated with the signal-in-space
contribution of the pseudo-range error at the GBAS reference point (9.10.5.5.1,9.10.5.5.2
and 9 .10 .1 .2.2.4).

Coding: lll I I I ll = Ranging source correction rnvalid.

B, through Bo: are the integrity parameters associated with the pseudo-range

corrections provided in the same measurement block. For the i'h ranging source

these parameters correspond to B,., through B,,4 (9.10.5.5.1 .2,9.10.5.5.2.2 and

9.10.7.2.2.4). During continuous operation the indices "l-4" correspond to the
same physical reference receiver for every epoch transmitted from a given ground
subsystem with the following exception: the physrcal reference receiver tied to any of the

indices I to 4 can be replaced by any other physical reference receiver (including a

previously removed one) that has not been used for transmissions during the last 5

minutes..
Coding: 1000 0000 = Reference receiver was not used to compute the pseudo-range

correction.

Note 1 .- A physical reference receiver is a receiver with an antenna at afixed location
Note 2.- Sonte airborne inertial integrations ntay expect a largely static correspondence
oJ the reference receivers to the indices.

9.10.4.3 Type 2 message - GBAS-related dara. Type 2 message shall identify the
location of the GBAS reference point at which the corrections provided by the

GBAS apply and shall give other GBAS-related data (Table B-71). GBAS-
related data parameters shall be as follows:

Note.- Additional data blocks may be included in the Type 2 message. Additional data
block I and additional data block 2 are defined.ln the future, other additional data
blocks may be defined. Data blocks 2 through 255 are variable length and may be

appended to the message after additional data block I in any order.

GBAS reference receivers: the number of GNSS reference receivers installed in this
GBAS ground subsystem.

Coding: 0 = GBAS installed wrth 2 reference receivers
I = GBAS installed with 3 reference receivers

). = GBAS installed with 4 reference receivers

3 = The number of GNSS reference receivers installed in this GBAS ground subsystem is
not applicable
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Ground accuracy destgnator letter: the letter designator indicating the minimum signal-
in-space accuracy performance provided by GBAS (9.10.7.1.1).

Coding: 0 = accuracy designation A
I = accuracy designation B
2 = accutac! designation C
3 = spare

GBAS continuitylintegrity designator (GCID): numeric designator indicating the
operational status of the GBAS.
Coding: 0 = spare

l=GCIDI
2=GCID2

3 =GCID3
4=GCID 4

5 = spare
6 = spare
7 = unhealthy

Note I .- The values of GCID 2, 3 and 4 are specified in order to ensure compatibility of
equipment with future GBAS.
Note 2.- The value ofGCID 7 indicates that all approach services supported by the
ground facility are unavailable.

Local magnetic variation: the published magnetic variation at the GBAS reference point.

Coding: Positive value denotes east variation (clockwise from true north), Negative value
denotes west variation (counterclockwise from true north)

100 0000 0000 = Precision approach procedures supported by this GBAS are published

based on true bearing.

Note.- Incal magnetic variation is chosen to be consistent with procedure design and is
updated during magnetic epoch years.

overt_ionoSradient: the standard deviation of a normal distribution associated with the
residual ionospheric uncertainty due to spatial decorrelation (9.10.5.4).

Refractivity index (Nr): the nominal tropospheric refractivity index used to calibrate the

tropospheric correction associated with the GBAS ground subsystem (9.10.5.3).

Coding: This field is coded as two's complement number with an offset of +400. A value
of zero in this field indicates a refractivity index of 400.

Scale height (ho): ascale factor used to calibrate the tropospheric correction and residual
tropospheric uncertainty associated with the GBAS ground subsystem (9.10.5.3).

Refractivity uncertatnty (an): the standard deviation of a normal distribution associated

with the residual tropospheric uncertainty (9.10.5.3).
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kttitude: the latitude of the GBAS reference point defined in arc seconds.

Codrng: Positive value denotes north latrtude.

Negative value denotes south latitude.

ktng,itude: the longitude of the GBAS reference pornt defined in arc seconds.

Coding: Positive value denotes east longitude.
Negative value denotes west longrtude.

Reference point height: the height of the GBAS reference point above the WGS-84
ellipsoid.

9.10.4.3.1 Additional data block I parameters. Additronal data block I parameters

shall be as follows:

REFERENCE STATION DATA SELECTOR (RSDS): the numerical rdentrfier that is used

to select the GBAS ground subsystem.

Note.- The RSDS is diflerent lrom every other RSDS and every reference path data
selector (RPDS) broadcast on the sante frequency by every GBAS ground subsystem
within the broadcast region.

Codrng: I I I I llll = GBAS positioning service is not provided

MAXIMUM USE DISTANCE (D,,,,,): the maximum distance (slant range) from the GBAS
reference point which pseudo-range corrections are applied by the aircraft element.

Note.- This parameter does not indicate a distance within which VHF data broadcast

field strength requirentents are met.

Coding: 0 = No distance limitation

GPS EPHEMERIS MISSED DETECTION PARAMETER, GBAS Positioning Service
(Kntd_e_POS,GPS): the multiplier for computation of the ephemeris error position bound
for the GBAS positioning service derived from the probability of missed detection given
that there is an ephemeris error in a GPS satellite.

For GBAS ground subsystems that do not broadcast corrections for GPS ranging sources
or that do not provide the GBAS positioning service, this parameter shall be coded as all
zeros.

GPS EPHEMERIS MISSED DETECTION PARAMETER, GBAS approach service types
A, B or C (Kmd_e,GPS.): the multiplier for computation of the ephemeris error position
bound for GBAS approach service types A, B and C derived from the probability of
missed detection given that there is an ephemeris error in a GPS satellite.
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For GBAS ground subsystems that do not broadcast corrections for GPS ranging sources,
this parameter shall be coded as all zeros.

GLONASS EPHEMERIS MISSED DETECTION PARAMETER, GBAS approach service
types A, B or C (Kmd-e_,GLONAJS): the multiplier for computation of the ephemeris
eror position bound for GBAS approach service types A, B and C derived from the
probability of missed detection given that there is an ephemeris error in a GLONASS
satellite..

For GBAS ground subsystems that do not broadcast corrections for GLONASS ranging
sources or that do not provide positioning service, this parameter shall be coded as all
zeros.

GLONASS EPHEMERIS MISSED DETECTION PARAMETER, Category I Precision
Approach and APV (Krud_e_,GLONASS): the multiplier for computation of the
ephemeris error position bound for Category I precision approach and APV derived from
the probability of missed detection given that there is an ephemeris error in a GLONASS
satellite.

For GBAS ground subsystems that do not broadcast corrections for GLONASS ranging
sources, this parameter shall be coded as all zeros.

9.10.4.3.2 Additional data blocks. For additional data blocks other than additional
data block l, the parameters for each data block shall be as follows:

ADDITIONAL DATA BLOCK LENGTH: the number of bytes in the additional data
block, including the additional data block length and additional data block number fields.

ADDITIONAL DATA BLOCK NUMBER: the numerical identifier of the type of
additional data block.

Coding: 0tol=reserved
2 = additional data block 2, GRAS broadcast stations
3 = additional data block 3, GAST D parameters

4 = additional data block 4, VDB authentication parameters
5 to 255 = spare

ADDITIONAL DATA PARAMEIERS: the set of data defined in accordance with the

additional data block number.

9.10.4.3.2.1 GRAS broadcast stations
Parameters for additional data block 2 shall include data for one or more broadcast
stations as follows (Table 8-65,{):

CHANNEL NUMBER: the channel number, as defined in 9.10.5.7, associated with a

GBAS broadcast station.

Note.- The channel number in this field refers to a lrequency and an RSDS
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ILATITUDE: the difference of latitude of a GBAS broadcast station, measured from the
latitude provided in the latitude parameter of Type 2 message.

Codrng: Positive value denotes that the GBAS broadcast station is north of the GBAS
reference point.
Negative value denotes that the GBAS broadcast station is south of the GBAS reference
point.
lLONGITUDE: the difference of longitude of a GBAS broadcast station, measured from
the longitude provided in the longitude parameter of Type 2 message.

Coding: Positive value denotes that the GBAS broadcast station is east of the GBAS
reference point.

Negative value denotes that the GBAS broadcast station is west of the GBAS
reference point.

Note.- Guidance material concerning additional data block 2 is provided in ANS
Technical Srandards Part Il Vol.l Attachment D,7.17.

9.10.4.3.2.2 GAST D parameters
Parameters for additional data block 3 shall include parameters (Table 8-658) to be used
when the active service type is GAST D as follows:

Kmd_e_D,GLONASS (Kmd_e_D,GLONASS): is the multiplier for computation of the
ephemeris error position bound for GAST D derived from the probability of missed
detection given that there is an ephemeris error in a GLONASS satellite. For GBAS
ground sub-systems that do not broadcast corrections for GLONASS ranging sources,
thrs parameter is coded as all zeros.

Note.- This paranteter, Kmd_e_D,GLONASS, may be different than the ephenteris
decorrelation parameter Knd_e_GLONASS provided in additional data block I of the
Type 2 message. Additional information regarcling the difference in these parameters is
givenin ANSTechnical StandardsPartllVol.lAttachmentD,T.5.6.l .2and7.5.6.1 .3.

Kmd_e_D,GPS (Kmd_e_D,GPS): is the multiplier for computation of the ephemeris error
position bound for GAST D derived from the probability of missed detection given that
there is an ephemeris error in a GPS satellite. For GBAS ground sub-systems that do not
broadcast corrections for GPS ranging sources, this parameter is coded as all zeros.

Note.- This parameter, Kmd_e_D,GPS, may be dffirent than the ephemerts

decorrelation parameter Kntd_e_GPS provided in additional data block I of the Type 2
message. Additional information regarding the dffirence in these parameters is given in
ANS Technical Standards Part II Vol. I Attachntent D,7.5.6.1 .2 and 7.5.6.1 .3.

Sigma_vert_iono_gradient_D (svert_iono-gradient_D): is the standard deviation of a

normal distribution associated with the residual ionospheric uncertainty due to spatial
decorrelation. This parameter is used by airborne equipment when its active approach
service type is D.

Note.- This parameter, Sigma_vert_iono_gradient-D, may be different than the
tottosplrcric decorrelation parameter Sigma_vert_iono-4radient provided in the Type 2
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message. Additional information regarding the dffirence in these parameters is given in
ANS Technical Standards Part II Vol. I Attachment D , 7 .5 .6 .1 .2 and 7 .5 .6 .l .3 .

YEIG: is the maximum value of EIG at zero distance from the GBAS reference point.
This parameter is used by airborne equipment when its active approach service type is
D.B-12.
MEIG: is the slope of maximum EIG versus distance from the GBAS reference point.
This parameter is used by airborne equipment when its active approach service type is D.

Table 8-658. Additional Data Block 3 GAST D Parameters

Datd content Bits used Ran(e ofvalues Resolution
Kmd e D.GPS 8 0 to 12.75 0.05
Kmd_e_D,GLONASS 8 0 to 12.75 0.05
svert iono eradient D 8 0 - 25.5 x 10-6 m/m 0.1 x 10-6 m/m
YEIG 5 0to3.0m
MEIG 3 0 to 0.7 m/km 0.r

9.10.4.3.2.3 VDB aurhentication parameters

Additional data block 4 includes information needed to support VDB authentication
protocols (Table B-65C).

Slot group definition: This 8-bit field indicates which of the 8 slots (A-H) are assigned for
use by the ground station. The field is transmitted LSB first. The LSB corresponds to slot
A, the next bit to slot B, and so on. A "1" in the bit position indicates the slot is assigned
to the ground station. A "0" indicates the slot is not assigned to the ground station.

Table 8-65A. GRAS broadcast station data

Channel number
Alatitude
AI-onsitude

l6
8

8

20001 to 39999 |
!25.4" 0.2"
t25.4" 0.

Table B-65C. VDB authentication parameters

Data content Bits used Ranee of values Resolution

Qlnf crnrrn definitinn

9.10.4.4 TYPE 3 MESSAGE _ NULL MESSAGE

9.10.4.4.1 The Type 3 message is a variable length "null message" which is intended
to be used by ground subsystems that support the authentication protocols
(see section 9.10.7 .4).

R
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9.10.4.4.2 The parameters for the Type 3 message shall be as follows:

Filler: a sequence of bits alternating between "l" and "0" with a length in bytes that is 10

less than the value in the message length field in the message header.

9.10.4.5 Type 4 ,nessate - Final approach segment (FAS). Type 4 message shall
contain one or more sets of FAS data, each defining a single precision approach
(Table B-72). Each Type 4 message data set shall include the following:

Data set length: the number of bytes in the data set. The data set includes the data set

length field and the associated FAS data block, FAS vertical alert limit
(FASVAL)/approach status and FAS lateral alert limit (FASLAL)/approach status fields

FAS data block: the set of parameters to identify an approach and define its associated

approach path.

Codrng: See 9.10.4.5.1 and Table 8-66.

Note .- Guidance material for FAS path definition is contained in Attachment D, 7 .l I

FASVAL/approach status: the value of the parameter FASVAL as used in 9.10.5.6.

Coding: ll ll ll I I = Do not use vertical deviations.

Note.- The range and resolution of values for FASVAL depend upon the approach
perfonnance designator in the associated FAS data block.

FASLAL/approach status: the value of the parameter FASLAL as used in 9.10.5.6.

Coding: lll I I I I I = Do not use approach.

Note.- Ihe Procedures for Air Navigation Services - Aircraft Operations (PANS-OPS)
(ICAO Doc 8i,68), Volume II, specifies conventions to be used by procedure designers
when applying the FAS data block definitions and codings below to encode procedures.

9. I 0.4.5.1 FAS dato block. The FAS data block shall contain the parameters that
define a single GAST A, B, C or D approach. The FAS path is a line in
space defined by the landing threshold point/fictitious threshold point
(LTP/F[P), flight path alignment point (FPAP), threshold crossing height
(TCH) and glide path angle (GPA). The local level plane for the approach is
a plane perpendicular to the local vertical passing through the LTP/FTP (i.e.
tangent to the ellipsoid at the LTP/FIP). Local vertical for the approach is

normal to the WGS-84 ellipsoid at the LTP/FTP. The glide path intercept
point (CPIP) is where the final approach path intercepts the local level
plane. FAS data block parameters shall be as follows:

Operation 4,pe.' straight-in approach procedure or other operation types

Coding: 0 = straight-in approach procedure
I to 15 = spare
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Note.- Offset procedures are straight-in procedures and coded as "0"

Table 8-66. Final approach segment (FAS) data block

Data content
Operation type
SBAS provider ID
Airport ID
Runway number
Runway letter
Approach performance
designator
Route indicator
Reference path data selector
Reference path identifier
LTP/FIP latitude
LTP/FIP longitude
LTP/FTP height
AFPAP latitude
AFPAP longitude
Approach TCH (Note)

Approach TCH units selector
GPA
Course width
Alength offset
Final approach segment CRC

Bits used Range of values Resolution
4
4
32
6
2

3

I
16

8

8

0 to 15

0to15

Ito36

0to7

0to48

r90.00
r180.0"
-5 12.0 to 6 041 .5 m
+1.00
al.00
0 to I 638.35 m or
o to 3 276.7 ft

0 to 90.0'
80 to 143.75 m
0to2032m

0.0005 arcsec
0.0005 arcsec
0.1 m
0.0005 arcsec
0.0005 arcsec
0.05 m or
0.1 ft

0.01'
0.25 m
8m

I

I

5

8

32
32
32
l6
24
24
l5

32

Note.- Information can be provided in either feet or metres as indicated by the approach TCH
unit selector.

SBAS service provider 1D.' indicates the service provider associated with this FAS data
block.

Coding: See Table B-27

14 = FAS data block is to be used with GBAS only.
15 = FAS data block can be used with any SBAS service provider

Note.- This parameter is not used for approaches conducted using GBAS or GRAS
pse udo- range co r rec t ions.

Airport ID: the three- or four-letter designator used to designate an airport.

Coding: Each character is coded using the lower 6 bits of its IA-5 representation. For
each character, bi is transmitted first,and 2 zero bits are appended after b6, so that 8 bits
are transmitted for each character. Only upper case letters, numeric digits and IA-5
"space" are used. The rightmost character is transmitted first. For a three-character airport
ID, the rightmost (first transmitted) character shall be IA-5 "space".



2288 Kenya Subsidiary kgislation, 20 I 8

Runway number: the approach runway number

Coding: I to 36 = runway number

Note.- For heliport and point-in-space operations, the runway number value is the

integer nearest to one tenth of the final approach course, except when that integer is

zero, in which case the runway number is i6.

Runway letter: the one-letter designator used, as necessary, to differentiate between
parallel runways.

Coding: 0=noletter

I = R (right)
2 = C (centre)
3 = L (left)

Approach performance designator: the general information about the approach design

Coding: 0= GASTAoTB
I =GASTC

I = GAST C and GAST D
3 = IIIGAST C, GAST D and an additional approach service type to be

defined in the future
4 = GAST C, GAST D and two additional approach service types to be

defined in the future
5to7=spare

Note.- Some airborne equipment designedfor Category I performance is insensitive to
the value of the APD. It is intended that airborne equipment designed for Category I
performance accepts APD values of at least I-4 as valid to accommodate future
extensions to higher performance types using the same FAS data block.

Route indicator: the one-letter identifier used to differentiate between multiple
approaches to the same runway end.

Coding: The letter is coded using bits bl through b5 of its IA-5 representation. Bit bl is

transmitted first. Only upper case letters, excluding "I" and "O", or IA-5 "space" are

used.

Reference path data selector (RPDS): the numeric identifier that is used to select the FAS
data block (desired approach).

Note.- The RPDStor a given FAS data block is dffirenttrom every other RPDS and
every reference station data selector (RSDS) broadcast on the same Jrequency by every

GBAS within the broadcast region.

Reference path identifier (RPI): the three or four alphanumeric characters used to
uniquely designate the reference path.
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Coding: Each character is coded using bits bl through b6 of its IA-5 representation. For
each character, b1 is transmitted first, and2 zero bits are appended after b6 so that 8 bits
are transmitted for each character. Only upper case letters, numeric digits and IA-5
"space" are used. The rightmost character is transmitted first. For a three-character
reference path identifier, the rightmost (first transmitted) character shall be IA-5 "space".

Note.- The LTPIFTP is a poinr over which the FAS path passes at a relative height
specified by the TCH. LTP is normally located at the intersection ol the runway
centreline and the threshold.

LTP/FTP latitude: the latitude of the LTP/FTP point in arc seconds.

Coding: Positive value denotes north latitude

Negative value denotes south latitude

LTP/FTP longitude: the longitude of the LTP/FTP point in arc seconds
Coding: Positive value denotes east longitude.

Negative value denotes west longitude.

LTP|FTP height: the height of the LTP/FTP above the WGS-84 ellipsoid

Coding: This field is coded as an unsigned fixed-point number with an offset of -512
metres. A value of zero in this field

Note.- The FPAP is a point at the same height as the LTP/FTP that is used to define the
alignment of the approach. The origin of angular deviations in the lateral direction is
defined to be 305 metres (1 000ft) beyond the FPAP along the lateral FAS path. For an
approach aligned with the runway, the FPAP is at or beyond the stop end of the runway.

lFPAP latitude: the difference of latitude of the runway FPAP from the LTP/FTP in arc
seconds.

Coding: Positive value denotes the FPAP latitude north of LTP/FTP latitude.
Negative value denotes the FPAP latitude south of the LTP/FIP latitude

lFPAP longitude: the difference of longitude of the runway FPAP from the LTP/FTP in
arc seconds.

Coding: Positive value indicates the FPAP longitude east of LTP/FTP longitude.
Negative value indicates the FPAP longitude west of LTPiFTP longitude.

Approach TCH: the height of the FAS path above the LTP/FTP defined in either feet or
metres as indicated by the TCH units selector.

Approach TCH units selector: the units used to describe the TCH

Coding: 0 = feet
I = metres
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Glide path angle (GPA): the angle of the FAS path with respect to the horizontal plane

tangent to the WGS-84 ellipsoid at the LTP/FTP.

Course width: the lateral displacement from the path defined by the FAS at the LTP/FTP
at which full-scale deflection of a course deviation indicator is attained.

Coding: This field is coded as an unsigned fixed-point number with an offset of 80

metres. A value of zero in thrs field indicates a course width of 80 metres at the

LTP/FTP.

lLength offset: lhe distance from the stop end of the runway to the FPAP.

Coding: llll llll =notprovrded

Final approach segment CRC: the 32-bit CRC appended to the end of each FAS data

block in order to ensure approach data integrity. The 32-bit final approach segment CRC
shall be calculated in accordance with 9.13. The length of the CRC code shall be k = 32

bits.
The CRC generator polynomial shall be:

Glxy: y3l - x31 * xl{ -ryll -xl6 *xll +x8 + x7 -rxJ +xl *x* I

The CRC rnformation field, M(x), shall be

272

M(x): I rr, x272-t - n1sX27l + m2x27o + ... + m272X0

i=1

M(x) shall be formed from all bits of the associated FAS data block, excluding the CRC.
Bits shall be arranged in the order transmitted, such that ml corresponds to the LSB of
the operation type field, and m272 corresponds to the MSB of the Alength offset field.
The CRC shall be ordered such that rl is the LSB and r32 is the MSB.

9.10.4.6 Type 5 message - predicted ranging source availabillry. When used, the Type
5 message shall contarn rising and setting information for the currently visible or
soon to be visible ranging sources. Predicted ranging source availability
parameters shall be as follows:

Modified Z-coanr: rndicates the time of applicability of the parameters in this message.

Coding: Same as modified Z-count field in Type I message (9.10.4.2).
Number of impacted sources: the number of sources for which duration information
applicable to all approaches is provided.

Coding: 0 = Only specified obstructed approaches have limitations.
I to 3l = The number of ranging sources impacted

Ranging source lD: as for Type I message (9.10.4.2).
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Source availability sense: indicates whether the ranging source will become available or
cease to be available.

Coding: 0 = Differential corections will soon cease to be provided for the associated
ranging source.

I = Differential corrections will soon start to be provided for the

associated ranging source.
Source availability duration: the predicted minimum ranging source availability duration
relative to the modified Z-count.

Coding: I I I I I I I = The duration is greater than or equal to I 270 seconds.

Number of obstructed approaches: the number of approaches for which the corrections
will be reduced due to approach unique constellation masking.

Reference path data selector: an indication of the FAS data block to which the source
availability data applies (9. 10.4.5. I ).

Number of impacted sources for this approach: the number of sources for which duration
information applicable only to this approach is provided.

9.10.4.7 TYPE 6 MESSAGE

Note.- Type 6 message is reserved for future use to provide the information required for
Cate gory II/ II I precision approaches.

9.I0.4.8 TYPE 7 MESSAGE

Note .- Type 7 message is reserved for national applications.

9.I0.4.9 TYPE 8 MESSAGE

Note .- Type 8 message is reserved for local and regional test applications.

9.IO.4.IO TYPE IOl MESSAGE - GRAS PSEUDO.RANGE CORRECTIONS

9.10.4.10.1 The Type 101 message shall provide the differential correction data for
individual GNSS ranging sources (Table B-70A). The message shall contain
three sections:

a) message information (time of validity, additional message flag, number of
measurements and the measurement type);

b) low-frequency information (ephemeris decorrelation parameter, satellite

ephemeris CRC and satellite availability information); and

c) satellite data measurement blocks.
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Note .- All parameters in this message type apply to 10O-second carrier-smoothed
pseudo-ranges

9.to.4.10.2 Each Type 101 message shall include ephemeris decorrelation parameter,
ephemeris CRC and source availability duration parameters for one satellite
ranging source. The ephemeris decorrelation parameter, ephemeris CRC
and source availabilrty duration shall apply to the first ranging source in the
message.

9.10.4.10.3 Pseudo-range correction parameters shall be as follows:

Modffied Z-counr: as defined in 9 .10.4.2.3 .

Additional messag,e flag,: as defined in 9.10.4.2.3 except applicable to Type l0l
messages.

Number of measurements: as defined in9.10.4.2.3.
Measurement type: as defined in9.1O.4.2.3.
Ephenteris decorrelation parameter (P): as defined in9.10.4.2.3

Ephemeris CRC: as defrned in9.10.4.2.3

Source availability duration: as defined in9.10.4.2.3

Number of B parameters: an indication of whether the B parameters are included in the
measurement block for each ranging source.

Coding: 0 = B parameters are not included
I = 4 B parameters per measurement block

9.10.4.10.4 The measurement block parameters shall be as follows:

Ranging source lD'. as defined in9.10.4.2.4.

Issue of data (IOD): as defined in9.10.4.2.4.

Pseudo-range correction (PRC): as deflned in9.10.4.2.4.

Range rate correction (RRC): as defined in9.1O.4.2.4.

o p,a^'. zs defined in 9 .lO .4.2.4 , with the exception of the range of values and resolutron

Bl through 84: as defined tn9.10.4.2.4.

Note .- Inclusiott of the B paranrcters in the measurement block is optional for Type l0l
tnessages.
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9.I0.4.I I TYPE 1I MESSAGE _PSEUDO.RANGE CORRECTIONS _ 3O-SECOND
SMOOTHED PSEUDO.RANGES

9.10.4.11.1 The Type ll message shall provide the differential correction data for
individual CNSS ranging sources (Table B-70B) with 3O-second code-

carrier smoothing applied. The message shall contain three sections:

a) message information (time of validity, additional message flag, number
of measurements and the measurement type);

b) low-frequency information (ephemeris decorrelation parameter); and

c) satellite data measurement blocks.

Note.- Transmission of the low-frequency data for SBAS ranging sources is optional.

9 .10.4.11 .2 Each Type I I message shall include the ephemeris decorelation parameter
for one satellite ranging source. The ephemeris decorrelation parameter
shall apply to the first ranging source in the message.

Note.- The ephemeris CRC and source availability duration parameters are not
included in the Type I I message because they are provided in the Type I message.

9.10.4.11.3 Pseudo-range correction parameters for the Type 11 message shall be as

follows:

Modified Z-corrnr.' as defined in 9 .1O.4.2.3 .

Additional message flag: an identification of whether the set of measurement blocks in a

single frame for a particular measurement type is contained in a single Type I I message

or a linked pair of messages.

Coding: 0 = All measurement blocks for a particular measurement type are contained in
oneType ll message.

I = This is the first transmitted message of a linked pair of Type I 1 messages

that together contain the set of all measurement blocks for a particular measurement tyPe.

2 = Spare

3 = This is the second transmitted message of a linked pair of Type I I messages

that together contain the set of all measurement blocks for a particular measurement type.

Number of measuremenrJ.' the number of measurement blocks in the message.

Measurement type: as defined in9.10.4.2.3.

Ephemeris decorrelation parameter D (PD): a parameter that characterizes the impact of
residual ephemeris errors due to decorrelation for the first measurement block in the

message.

Note.- This parameter, PD, may be different than the ephemeris decorrelation
parameter P provided in the Type 1 message. Additional information regarding the

difference in these parameters is given in ANS Technical Standards Part II Vol. I,
Attachment D, 7.5.6.1 .3 and 7.5.6.1.4.

For a SBAS geostationary satellite, the ephemeris decorrelation parameter, if transmitted,
shall be coded as all zeros.
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9.10.4.11 .4 The measurement block parameters shall be as follows:

Ranging source ID: as defined in 9 .10.4 .2.3 .

Pseudo-range correction (PRC3O): the correction to the ranging source pseudo-range

based on 30-second carrier smoothing.

Range rate correction (RRC3O): the rate of change of the pseudo-range correction based

on 30-second carrier smoothing.B-l 7

Sigma_PR_gnd_D (opr_gnd_D): the standard deviation of a normal distribution
associated with the signal-in-space contribution of the pseudo-range error in the I00-
second smoothed correction in the Type I message at the GBAS reference point
(9. 10.5.5. 1 and 9.10.7 .2.2.4).

Note.- The parameter spr_ gnd-D differs from spr4nd for the corresponding
measurement in the Type I message in tlul spr_ gnd_D should include no inflation to
address overbounding of decorrelated ionospheric errors.

Coding: lll I 1l ll= Ranging source correction invalid.
Signru_PR4nd_34s (opr4nd_30): lhe standard deviation of a normal distribution that
describes the nominal accuracy of corrected pseudo-range smoothed with a time constant
of 30 seconds at the GBAS reference point.

Note.- The normal distribution N(0, spr-gnd_30) is intended to be an appropriate
description of the errors to be used in optimizing the weighting used in a weig,hted least
squares position solutiort. The distribution need not bound the errors as described in
9.1 0.5.5.1 and 9.1 0.7.2.2.4.

Coding: 1l I I I I I l= Ranging source correction invalid.

9.I0.5 DEFINITIONS OF PROTOCOLS FOR DATA APPLICATION

Note.- This section defines the inter-relationships of the data broadcast message
parameters. It provides definitions of paranteters that are not transmitted, but are used
by either or both non-aircraft and aircralt elements, and that define terms applied to
deternrine the navigatiott solutiott and its integrity.

9.10,5.1 Measured and carrier smoothed pseudo-range. The broadcast correction is

applicable to carrier smoothed code pseudo-range measurements that have not

had the satellite broadcast troposphere and ionosphere corrections applied to

them. The carrier smoothing rs defined by the following filter:

t
Pmc, = aP + (1- a) Paq, * (Q' - G-r)

2n

where
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PCSCn = the smoothed pseudo-range;
PCSCn-l = the previous smoothed pseudo-range;
p = the raw pseudo-range measurement where the raw pseudo-range

measurements are obtained from a carrier driven code loop, first order or higher
and with a one-sided noise bandwidth greater than or equal to 0.125 Hz;,

I - the Ll wavelength;

Qn = the carrier phase;

Qn-l = the previous carrier phase; and
o = the filter weighting function equal to the sample interval divided by the
smoothing time

constant. For GBAS pseudo-range corrections in Message Type I and Message
Type 101, the smoothing time constant is 100 seconds, except as specified in
9.10.8.3.5.1 for airborne equipment. For GBAS pseudo-range corrections in
Message Type I 1, the smoothing time constant is 30 seconds.

9.10.5.2 Coruected pseudo-range. The corrected pseudo-range for a given satellite at

time t is:

PR-.".d: Pcsc + PRC + RRC x (t - E+omt) + TC + c x (Atg,,)Ll

Where

PCSC

PRC

RRC

tz-count

= the smoothed pseudo-range (defined in 9.10.5.1);

= the pseudo-range correction from the appropriate message

a) For l0O-second smoothed pseudo-ranges, PRC is taken from
message type I or type 101 (defined in9.10.4.2,

b) For 3O-second smoothed pseudo-ranges, PRC is PRC30 taken from
message type 1l defined in 9.10.4.1 1;

= the pseudo-range correction rate from the appropriate message a) (For
100-second smoothed pseudo-ranges, RRC is taken from message type 1 or
type 101 defined in9.10.4.2,

b) For 3O-second smoothed pseudo-ranges, RRC is RRC30 taken from
message type I I defined in 9.10.4.1 1;

= the current time;

= the time of applicability derived from the modified Z-count of the
message containing PRC and RRC;

= the tropospheric correction (defined in 9.10.5.3); and

c and (Atsv)Ll are as defined in9.5.2.2 for GPS satellites.

TC

9. I0.5.3 TROPOSPHERIC DELAY
9.10.5.3.1 The tropospheric correction for a given satellite is:
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10-6 (1- e-au&'01TC - NJh
0.002 * sin (Et")

Where

Nr = refractivity index from the Type2 message (9.10.4.3);

Ah = height of the aircraft above the GBAS reference point;

El; = s1sr.,i., angle of the is satellite; and

h = troposphere scale height from the Type 2 message.

9.10.5.3.2 The residual tropospheric uncertainty is:

10-6
(1- e-anAo;(Igppo: OnhO

where on = the refractivity uncertainty from the Type2 message (3.6.4.3).

9.10.5.4 Residual ionospheric uncertainty. The residual ionospheric uncertainty for a

given satellite is:

oiono = Fpp x ovir x (xr,, + 2 x r x v",r)

where

Foo = the vertical-to-slant obliquity factor for a given satellite (9.9.5.5.2);

o"i8 = is dependent on the active GAST.

For GAST A, B or C, o"ie = o,en_ionosradienr (as defined in 9.10.4.3); For GAST D'
ovig = os,cn_iono4mdicnr_D (as defined in 9 ,10.4,3 ,2,2);

Xair = the distance (slant range) in metres between current aircraft location and the
GBAS reference point indicated in the Type 2 message;

r, = is dependent on the active GAST.

For GAST A, B or C, t =100 seconds (time constant used in 9.10.5.1); and

For GAST D, the value of t depends on whether o,ono is applied in measurement

weighting or in integrity bounding. t = 100 seconds when o,ono is used for
integrity bounding (per section 9.10.5.5.1.1.1) and t = 30 seconds when o,ono is

used for measurement weighting (per section 9.10.5.5.1.1.2).

vai, = the aircraft horizontal approach velocity (metres per second

9.I0.5.5 PROTECTIONLEVELS

9.10.5.5.1 Protection levels for all GBAS approach service types. The signal-in-space
vertical and lateral protection levels (VPL and LPL) are upper confidence
bounds on the error in the position relative to the GBAS reference point
defined as:
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VPL = MAX{VPLHo,VPLqr}

LPL = MAX{LPLHoIPLHT}

9.10.5.5.1.1 Normal measurement conditions

9.10.5.5.1.1.1 The vertical protection level (VPLHO) and lateral protection level
(LPLHO), assuming that normal measurcment conditions (i.e. no faults)
exist in all reference receivers and on all ranging sources, is calculatcd as:

Where

and

Op.JEdj is depcndent on the active GAST.
For GAST A, B or C: qp!_pdj = o p.-r,a for the i6 ranging source as

defined in (9.10.a.2);
For GAST D: oprrDdJ= op._sa_p for the i6 ranging sourcc (9.10.4.1l);
d*r"j , dr_*, and d1*, arc as defined in section 9.10.5.5.1.1.2;

Ktud = the multiplier derived from the probability of fault-free misscd detection;

s-verq = s"i* s*i x tan (GPA);
ilati = syji
sxJ = the partial derivative of position error in the x-direction with respect to

pseudo-range error on the ith satellite;

svj = the partial derivative of position error in the y-direction with respect to
pseudo-range eror on the ith satellite:

/
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sv,i = the partial derivative of position error in the vertical direction with respect to
pseudo-range error on the ith satellite;

GPA = the glidepath angle for the final approach path (9.10.4.5.1);

N = the number of ranging sources used in the position solution; and

i = the ranging source index for ranging sources used in the position solution.

DV = an airborne determined parameter depending on the active GAST For GAST
A,BorC:

DV = 0 For GAST D: DV is calculated as the magnitude of the vertical
projection of the difference between the 30-second and l00-second position
solutions.

DL = an airborne determined parameter depending on the active GAST For GAST
A, B or C: DL = 0 For GAST D: DL is calculated as the magnitude of the
lateral projection of the difference between the 30-second and lO0-second
position solutions.

Note l.- The airborne 30-second and I00-second position solutions, DV and DL are
defined in RTCA MOPS DO-253D.

Note.2- The coordinate reference frame is defined such that x is along track positive

forward, y is crosstrack positive left in the local level tangent plane and v is the positive
up and orthogonal to x and y.

9.10.5.5.1.1.2 For a general-least-squares position solution, the projection matrix S is

defined as:

S

S*n

Sv,x

S*"
S.,n

s*,
\,,2
$,z
Srz

Sv,r

S,,
S.,,

:(GrxWxG)-1 xGrxW

where

G [-cos Et (os Aa{c Eli sirAr.-sitlEL 11= iirsm of q srd
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alJ

where dwr= o zr1"a)* o 2uopoi * o 2r"_.ir; * o 2t*Jl

where
orj3nal= is dependent on the activc GAST.
For GAST A, B or C or the GBAS positioniry scrvice: or.;oa,i= o r,-a for
the ith ranging soluce as defined in (9.10.4.2); For GAST D: oo,_r,,aj =
spr$djofor the id ranging source (9.10.4.11);
oropoJ = the residual tropospheric uncertainty for the ith ranging source
(9.10.5.3);
oi*i = the residual ionospheric delay (due to spatial decorrelation)
uncertainty for the ith ranging source (9.105.4); and

&-ri $..*.GLI+ u!..*-ffi1,
the standard deviation of the aircraft contribution to the corrected pseudo-rangc error for
the ith ranging sourc,e. The total aircraft contribution includes the neceiver contribution
(9.10.8.2.1) and a standard allowancc for airframe multipath;

wherc

o.ro*(Eli) = 0.13 + g'53"-Btuto &s, the standard model for the contribution of airftame
multipath (in metes);
Eli = the clcvation angle for the i6 ranging source (in degrees); and
A4 = ths azimuth for the i6 ranging sourcc takcn counter clockwise for the x axis (in
degrees).

Note.- To improve readability, the subscript iwas omittedlrom thc projection matix's
equation.

9.10.5.5.12 Faulted measurement corditions. When the Type l0l message is broadcast

without B parameter blocks, the values for VPI41, and LP[a1 are defincd as

zcro. Otherwise, the vertical protection level (VPL,,) and larcral protcction
level (LPL,{r), assuming that a latent fault exists in one, and only one

reference receiver, are :

I

./
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VPLs' = max [VPL,] + D"
LPL6, = max [LPLj] + Di

where VPL.;and LPL, for j = I to 4 areVPLj- lB_""n,| + Kn6-"n.s1 ottd

LPL; = 18_6,.;l t K.dor"r.,r
Dv = an airborne determined parameter depending on the active CAST (9.10.5.5.1.1.l)
D,- = an airborne determined parameter depending on the active GAST (9.10.5.5.1.1.1)

ud

B-rq = Il!1(r-vrrtlx 8q);

B-1"\ = f,l!,(s-let,xB,1);

Bv = 6e broe&rst d,fhftm$ bctu,Eer 6e kodcrst Ft'ttdo-mge cfinctioos md he
cfirEctiors *tristdemh&g fu jtrcfout rtceiitrmesorfod ffi th i' reryirg
30uae;

Iqd = 6e E{tiplhr &riwd tm th pobdility of Eissd dehctln gt*o ftd th goutrd

mbaysemisfolt{

o',**, = X[, O-""r{ x o-Hl!);

oi4nr = Xf, tt-t.,f x o-t{lf);

o-Illr, = (!r)dn**o'e_-,,*o',r**d,*,;

op.jna; is dependent on the active GAST.
For GAST A, B or Ci op.3na,i = opr3nd for the ith ranging source as defined in

(9.r0.4.2);
For GAST D: opr-gndj = opr-gnd-D for the ith ranging source (9.10.4.1l);
o z,.po; , o 2pr-air,i and o 2;o*; are as defined in section 9.10'5.5.1'1.2;

Mi = the number of reference receivers used to compute the pseudo-range

corections for the i'r
ranging source (indicated by the B values); and

Ui = the number of reference receivers used to compute the pseudo-range

conections for the irlr
ranging source, excluding the j'h reference receiver.

Note.- A latent Jault includes any erroneous measurement(s) that is not immediately
detected by the ground subsystem, such that the broadcast data are alfected and there is

an induced position error in the aircratt subsystem.
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9.10.5.5.1.3 Definttion of K multipliers for GBAS approach services. The multipliers
are given in Table 8-67

Table 8-67. K-multipliers for GBAS approach services

Mi

Multiplier I 
(Norc)

2

Kno

34

K.a
6.86
Not used

5.762
2.935

5.81
2.898

5.847
2.8'18

Note.- For GAST A supported by Type l0l messages broadcast without the B parameter
block.

9.10.5.5.2 GBAS positioning service. The signal-in-space horizontal protection level is
an upper confidence bound on the horizontal error in the position relative to

the GBAS reference point defined as:

HPL = MAX{HPLHoIPLHTI{EB}

9.10.5.5.2.1 Normal measurements conditions. The horizontal protection level (HPLso),

assuming that normal measurement conditions (i.e. no faults) exist in all
reference receivers and on all ranging sources, is calculated as:

HPLp=K** ffidq.

+
(4_4J'?+&utere: dr.i,r=

2
+

4 = I[' *1of

4 =E[r*ioi

4.y =XEr s*i+jof

sx,i = the partial derivative of position error in the x-direction with respect to
pseudo-range error on the i6 satellite

sy,i = the partial derivative of position error in the y-direction with respect to
pseudo-range error on the ith satellite

Kn uros = the multiplier derived from the probabitity of fault-free missed detection
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= the number of ranging sources used in the position solution

= the ranging source index for ranging sources used in the position solution

= the pseudo-range effor term as defined in 9.10.5.5.1 .l

Note.- For the GBAS positioning service, the x and y axes define an arbitrary
orthogonal basis in the horizontal plane.

9.10.5.5.2.2 Faulted measurement conditions. When the Type l0l message is broadcast

without B parameter blocks, the value for HPL11, is defined as zero.

Otherwise, the horizontal protection level (HPLH,), assuming that a latent

fault exists in one and only one reference receiver, is:

HPL. = lB_horz,l * K.6 p65d.u;or.111

ufrtretlPI" forj = I to4is:

HH, - lB_ba4l + Iqa_msda-.st
ild

\
I(a-ros

14

- thc broadcast diffcrues b.tncco ttc koadcast parb-rap csrccli(rrs md 6c cqrtctios obtaincd
cxchrding tbe jt rcfrruccrcceivtrmuraul fa h itragiry sorrl.

- thcmiltplicirdcriEdAmlb.protehilityofmisscddcrcctioogirtabnthcgcndsrb6jrs@isftullcd

B-hor4 =

+

*,,)'.(i+,n)'

d.l-:lr =

U,

N

d-HriF*,o-Hll
EI

N

d-Hrtt*,o-Hri'1'
N

a-nr,r-l**o-nrl
FI

Non.- For ths GBAS posltlorrirB s@ake, lhe x iltd y d\6 dglna M @UtrwT onhog&al ,€sfi b tha Mzontol plor.,

"_nr? 
= (&uJ 4-n, + of,_-: + d*0., + d*

- rhc rnrdcr of reftrcrrc ftccivcrs usad to cooptrE rtc pecuderage cofiEctioos fq tbc io nogiDg sotnEt
(indicated by he B rzlu=).

- tbc n.Iobar of rcftrm rtceir,trs uscd lo c@rtrfr lhc pcrdcr:ogc coficcliom frr 6c io xmgrrg ffic,
cxcluding th ;' rcfact remru.

Note.- A latent fault includes any enoneous measurement(s) that is not immediately
detected by the ground subsystem, such that the broadcast data are affected and there is

an induced position error in the aircralt subsystem.
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9.10.5.5.2.3 Definition of K multipliers for GBAS positioning service. The multiplier
Kr.o,.o, is equal to 10.0 and the multiplier Kma pos, is equal to 5.3.

9.10.5.6 ALERT LIMITS

Note l.- Guidance concerning the calculation of alert limits, including approaches
associated with channel numbers 40 000 to 99 999, is provided in ANS Technical
Standards Part II Vol I , Attachntent D, 7 .1 3 .

Note 2. - Compfiation of alert limits depends on the active service rype .

9.10.5.6.1 GAST C and D alert limits.The alert limits are defined in Tables 8-68 and B-
69. For aircraft positions at which the lateral deviation exceeds twice the
deviation at which full-scale lateral deflection of a course deviation indicator
is achieved, or vertical deviation exceeds twice the deviation at which full-
scale fly-down deflection of a course deviation indicator is achieved, both the
lateral and vertical alert limits are set to the maximum values given in the
tables.

9.10.5.6.2 GAST A and B alert limits.The alert limits are equal to the FASLAL and
FASVAL taken from the Type 4 message for approaches with channel
numbers in the range of 20 001 to 39 999. For approaches with channel
numbers in the range 40 000 to 99 999, the alert limits are stored in the on-
board database.

9.r0.5.7 Channel number. Each GBAS approach transmitted from the ground
subsystem is associated with a channel number in the range of 20 001 to 39
999.|f provided, the GBAS positioning service is associated with a separate
channel number in the range of 20 001 to 39 999. The channel number is
given by:

Channel number = 20 000 + 40(F - 108.0) + 4l l(S)

Where

F = the data broadcast frequency (MHz)
S = RPDS or RSDS

RPDS = the reference path data selector for the FAS data block (as defined in
9.10.4.5.1)

RSDS = the reference station data selector for the GBAS ground subsystem (as

defined in 9.10.4.3.1)

and
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Table 8-68. GAST C and D lateral alert limit

Height above LTP/FIP of aircraft
position
translated onto the final approach
parh
(feet)

Vertical alert limit
(metres)

H<200
200<H<1340
H> I 340

FASVAL
0.o2925H (ft) + FASVAL - 5.85
FASVAL + 33.35

Table 8-69. GAST C and D vertical alert limit

Horizontal distance of aircraft
position
from the LTP/FIP as translated
along the final approach path
(metres)

Lateral alert hmit
(metres)

D<873
873<D<7500
D>7500

FASLAL
0.0044D (m) + FASLAL - 3.85
FASLAL +29.15

For channel numbers transmitted in the additional data block 2 of Type 2 message (as

defined in 9.10.4.3.2.1), only RSDS are used.

Note I .- When the FAS is not broadcast for an approach supported by GAST A or B, the

GBAS approach is associated with a channel nunrber in the range 40 000 to 99 999.

Note 2.- Guidance material concerning channel rutmber selection is provided ir ANS
Technical Standards Part II, Vol I, Attachntent D, 7 .7 .

9.I0.5,8 EPHEMERIS ERROR POSITION BOUND

Note.- Ephemeris error positiotr boutrds are compuled only for core satellite
constellation ranging sources used in the position solution (j index) and not for other
types oJ ranging sources (SBAS satellites or pseudolites) that are not subject to
undetected ephemeris failures. However, tlrc calculations oJ these position bounds use

information from all ranging sources used in the position solution (i index).
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GBAS approach. The vertical and lateral ephemeris error position bounds

are defined as:

VEB=MAX;{VEBj}+D,

il

LEB=MAXI{LEBj}+Di
The vertical and lateral ephemeris error position bounds for the j'h core satellite
constellation ranging source used in the position solution are given by:

1lEB,:ls-rrrt,lx,oP, s-tufx{
FI

tEB,:ls-gl s_rdd

where:

DV = an airborne determined parameter depending on the active GAST
(9.10.5.5. r.1.1)

DL = an airborne determined parameter depending on the active GAST
(9.10.5.5.1.1.1)

s-vertiorj is defined in 9.10.5.5.1.1

s_lat,o., is defined in 9.10.5.5.1.1

Xair is defined in 9.10.5.4

N is the number ofranging sources used in the position solution

oi is defined in 9.10.5.5.1.1

P.t is the broadcast ephemeris decorrelation parameter for the j'h ranging
source. The source ofthis parameter depends on the active GBAS approach service type:

K.a-",1

GAST A, B or C: P.t=P from the Type 1 or Type 101 Message
corresponding to the jth ranging source. (section 9.10.4.2.3) GAST D:
P"j=Po from the Type I I Message corresponding to the jth ranging
source. (section 9. 10.4.1 1.3).

is the broadcast ephemeris missed detection multiplier for GAST A-C
associated with the satellite constellation for the jth ranging source
The source of this parameter depends on the active GBAS approach
service type:

GAST A, B or C: Kmd_ej = Kmd_e,GPS or Kmd_e,GLONASS as

obtained from the Type 2 Message Additional Data block I (section
9.10.4.3.1)

GAST D: Kmd_ej = Kmd_e_D,CPS or Kmd_e_D,GLONASS are

from the Type 2 Message Additional Data block 3 (section
9.10.4.3.2.2).
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9.10.5.8.2 GBAS positioning service. The horizontal ephemeris error position bound is

defined as:

HEB = MAX{HEBi}
J

The horizontal ephemeris error position bound for the j'h core satellite constellation
ranging source used in the position solution is given by:

IEq : l**; lr*Pi + xLt*,..,romdln*i,,,

Sto., j2

S*j.

svi

Xair

4

where:

= S*j2tSyj2

is as defined in 9.10.5.5.2.1

is as defined in 9.10.5.5.2.1

is defined in 9.10.5.4

is the broadcast ephemeris decorrelation parameter for the jth ranging
source. The source of this parameter does not depend on the active
GBAS approach service type. In all cases Pj=P from the Type I or
Type 101 Message (section 9.10.4.2.3) corresponding to the jth ranging
source.

is the broadcast ephemeris missed detection multiplier for the GBAS
positioning service associated with the satellite constellation for the j'h

ranging source (K.o_"-ros,cps or Kmd_c_pos,c;oNlss)

is as defined in 9.10.5.5.2.1D*".1o,

Kmd-e-PoS

9.10.5.9 Ionospheric gradient error

The maximum undetected 3O-second smoothed corrected pseudo-range error due to an

ionospheric gradient (EIG) is calculated, based on the broadcast parameters YEIG and
MEIG, as:

EIG=YEIG+MEIGXDEIG

Where

YEIG = maximum value of EIG (metres) in the Type 2 message;
MEIG = slope of maximum EIG (m/km) in the Type 2 message;
DEIG = the distance in kilometres between the LTP location for the selected approach
broadcast in the Type 4 Message and the GBAS reference point in the Type 2 message

9.I0.6 MESSAGETABLES

Each GBAS message shall be coded in accordance with the corresponding message
format defined in Tables B-70 through B-73.
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Note.- Message type structure is defined in 9.10.4.1

Table B-70. Type I pseudo-range corrections message

Damer BibGsd R.agrofr:[= lgohtia

Modi8€dZ{flnl
Additiooal msa$0ag
l,lumbaof msrtmcob (N)
lrleastrer*-t tpc
Ephuis &condatm prmer (P)

EphuisCRC
Soxce awilebilitydm[m
ForNmsrcmedblo&

R.mgiog ourcelD
huxofdah(IOD)
kardormgt @rcctim(PRQ
Ragcntccurcctim(RRQ
%'Ed
BI
Bl
Bt
B,r

14

2

5

I
8

16

8

0 to I 199.9 s

0tol
0to l8
0to7

0ro 1.275 x ltr'mim

0to2540s

I to 255

0 to 255
+327.61m

+32.767 ds
0 to 5.0E m

*6.35 m
+6.35 m
+6.35 m
{.35m

0.1 s

I
I
I

J x lO{mlm

l0s

8

8

16

l6
8

8

I
8

8

I
I

0.01o
0.(X)1ds
0.(}2m
0,05 m
0.05 m
0.05 m
0.05 m

Table B-70A. Type l0l GRAS pseudo-range colrections mes

Drb coc&ol Bi! Erd Rrlt of EIG nshrin

ModifidZcclrd
Additimalrssage flag
t'Iumber of cestrtuxus (N)
lvlcannerrut typc
ESmis dccocelatioo paraeu (P)

EphmisCRC
Sorce avaihhtty furatim
ltu$crofBprlwus
Spare

FaNcasrmtbbcks
Reoging scrce ID
Issr ofdatr (lOD)
Pscrdcrmge cmnctioa (PRg
Rilge nte clncctiot (RRC)

ftpd
B pncmr Uodc (ifprsvidad)

B1
q
B:
&

l4
2

5

3

8

l6
8

I
7

8

8

l6
16

8

0 ro I 199.9 s

0tol
0to l8
0to7

0 to 1.275 x lf] mlo

0 to 25iO s

0u4

I to 255

0 to 255

*3?1 61m
+32.767 mJs

0 to 50.8 m

+25,4 m
+25.:l m
+25.4 m
+25.4m

0.1 s

I
I
I

5 x l0{ e/,

l0s

I
I

0.01 m
0.001 mrs

0.? m

8

8

8

8

0.2 m
0.2 m
0.2 m
0.2 m
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Table B-708. Type 1 I pseudo-range corrections (30-second smoothed pseudo-ranges)
message

Data content Bits used Ran?e of values Resolution
Modified Z-count
Additional message flag
Number of measurements
Measurement type
Ephemeris decorrelation
parameter D (PD) (Notes l,3)
For N measurement blocks:
Ranging source ID
Pseudo-range correction
(PRC3o)
Range rate correction (RRC 30)
Sigma_PR_gnd_D (sprgndD)
(Note 2)
Sigma-PR-gnd-30s
(spr_gnd_3O) (Note 2)

t4
2

5

3

8

0 - 1199.9 sec

0-3
0- 18

0-7
0 - 1.275x10-3
m./m

| -255
t327.67 m

x.32.767 mls
0-5.08m

0-5.08m

0.1 sec

I

I
I
5x10-6 m/m

I
0.01 m

0.001 m/s
0.02 m

0.02 m

8

l6

l6
8

8

Notes:
l. For SBAS satellites, the parameter is set to all zeros.
2. 1 1 I I I I I I indicates the source rs rnvalid.
3. Parameter is associated with the first transmitted measurement block

Table B-71A. Type 2 GBAS-related data message

Data content Bits used Range of
values

Resolution

GBAS reference receivers
Ground accuracy designator letter
Spare
GBAS continuity/integrity
designator
Local magnetic variation
Reserved and set to zero (00000)
O""n,.n.g,ad,"nt

Refractivrty index
Scale height

Refractivity uncertainty
Latitude
Longitude
GBAS reference point height

Additional data block I (if provrded)
Reference station data selector 8

Maximum use distance (Dmax) 8

2

2

I
3

ll
5

8

8

32
32
24

8

8

2to 4

0to7

rl80'

0 to 25.5 x
l0-6 m/m
l6 to 781

0 to 25 500
m
0 to 255
190.0'
+180,0'
+83 886.07
m

0to48
2 to 510 km

o.25"

0.1 x 10-6 m/m

5

100 m

I
0.0005 arcsec
0.0005 arcsec
0.01 m

I

2km
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KmdePoSGPs 8

K*..or. 8

K*"-r.o.onora 8

Kmde.cLoNASS 8

Additional data blocks (repeated for all provided)
Additional data block length 8

Additional data block number 8

Additional data parameters Variable

0 to 12.75
0 to 12;75
o to 12.75
0 to 12.75

2 to 255
2 to 255

0.05
0.05
0.05
0.05

Note. - Multiple additional data blocks may be appended to a Type 2 message

Table B-71B. Type 3 null message

hhoo.i-'r I}buted Rag: of r"h5

Fillff Vanble(Nole) N/A

TableB-72. Type 4 FAS data message

Data content Bits used Ranpe ofvalues Resolution
For N data sets

Data set length 8

FAS data block 304
FAS vertical alert limit/approach status 8
(1) when associated approach
performance designator
(APD) is coded as 0
(2) when associated approach
performance designator
(APD) is not coded as 0
FAS lateral alert 8

limit/approach status

I byte

Rgohtm

N'A

2 to 212

0 to 50.8 m

0 to 25.4 m

0 to 50.8 m

0.2 m

0.1 m

0.2 m
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Table B-73. Type 5 predicted ranging source availability message

Drtrcd BbE d R^agrofrzhcs Br:ohi!

ModifiedZ+ount
Spre
Ntmber of impactod sf,mcs (19

ForNimprced sourcs
Raging sourcelD
Sorce ruilabili$ scose

Smrc ruileUlity drrtior
I,hder of obstucted approades (.q)

ForA oh*ucnd approeehts

Rdrrurpafrrhhsehtor
I.lumtu of inpaced soures fq fris
epprmfnN^)

ForNl iryactednoging sourcs frr ttis
ryrcach

Rmging sourcrlD
Sorme auilahility srosc

Sourcr arailabili$ drdion

I

t4
2

8

0 to I 199.9 s

0to3l

I to 255

0tol270s
0b255

0 to48
Ito3l

I b 25-s

0tol270s

0.1 s

l0s

I8

I
7

8

8

8 I

I
I
7 l0s

9.I0.6.I PERFORMANCE
9.10.6.1 .1 Accuracy

9.10.6.1.1.1 The root-mean-square (RMS) (l sigma) of the ground subsystem

contribution to the corrected l00-second smoothed pseudo-range accuracy

for GPS and GLONASS satellites shall be

RMfosu <
(ao * a1e{r/oo)z

M
+ (ae)r

where
M = the number of GNSS reference receivers, as indicated in the Type 2

message parameter (9.10.4.3),or, when this parameter is coded to
indicate "not applicable", the value ofM is defined as l;

n = n6 ranging source;
0n = elevation angle for the nth ranging source; and
0a, &1, a2, and 0o = parameters defined in Tables B-74 and B-75 for each ofthe
defined ground accuracy designators (GADs).

Note l.- The GBAS ground subsystem accuracy requirement is determined by the GAD
letter and the number of reference receivers.
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Note 2.- The ground subsystem contribution to the corrected 10O-second smoothed
pseudo-range error specified by the curves defined in Tables B-74 and B-75 and the
contribution to the SBAS satellites do not include atrcraft noise and aircraft rnultipath.

Table B-74. GBAS - GPS accuracy requirement parameters

Grmdrtrrracy
dxiAutgL11E

&
(&eR,

&liaD

(EtB) (ua.r) (&rr:es) (rtE)

A
B
c

:><

>5
:'35

5to35

0.5
0.16
0.15
0.24

1.65
1.07
0.84

0

14.3

15.5

15.5

0.08
0.08
0"04
0.04

Table B-75. GBAS - GLONASS accuracy requirement parameters

Craoud rctrrcy
d;g--lq-Ltts.

r1calc
(&sns) (EeE) (ffiE) (&arrs) (rtrs)

A
B
C

:5
25
:,35

51o35

5.18

2.12

1.68

0

14.3

15.5

15.5

0.078

0.078
0.042
0.042

r.58
0.3
0.3

0.,18

9.10.6.1.1.2 The RMS of the ground subsystem contribution to the corrected 100-

second smoothed pseudo-range accuracy for SBAS satellites shall be:

L8Mfo-o<
NM

(metnes)

where M is as defined in 9.10.7.1.1.1.

Note.- GAD classifications for SBAS ranging sources are under development

9.10.6.1.2 Integrity

9.10.6.1 .2.1 GBAS ground subsystem integrity risk

9.10.6.1.2.2 Ground subsystem integrity risk for GBAS approach services

9.10.7.1.2.1.1.1 Ground subsystem signal-in-space integrity risk for GBAS approach

service types A, B or.For a GBAS ground subsystem classified as FAST A, B or C , the

integrity risk shall be less than 1.5 x 10-7 per approach.

Note l.- The integrity risk assigned to the GBAS ground subsystem is a subset of the
GBAS signal-in-space integrity risk, where the protection level integrity risk
(9.10.7.1 .2.2.1) has been excluded and the elfects of all other GAAS, SBAS and core
satellite constellations failures are included. The GBAS ground subsystem integrity risk
includes the integrity risk of satellite signal monitoring required in 9.10.7.3.3.
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Note 2.- GBAS signal-in-space integrity risk is defined as the probabilit.t that the
ground subsystem provides infonnation which when processed by a fault-free receiver,
using any GBAS data that could be used by the aircraft in the service volume,, results irt
an out-of-tolerance lateral or vertical relative position error withctut annunciation Jor a
period longer than the maximun signal-in-space time-to-alert. An out-of-tolerance
lateral or vertical relative positbn error is defined as an error that exceeds the GBAS

approach services protection level and, if additional data block I is broadcast, the

ephemeris error positiort bound.

9.10.7.1 .2.1.1 .2 Ground subsystem signal-in-space integrity risk for GBAS approuch

service type D. For a GBAS ground subsystem classified as FAST D the integrity risk for
all effects other than errors induced by anomalous ionospheric conditions shall be less

than 1.5 x l0-7 per approach.

Note L- The integ,rity risk assigned to the GBAS ground subsystem classified as FAST D
is a subset of the GBAS signal-in-space integrity risk, where the protection level integritv
risk (9 .1 0 .7 .l .2 .2 .l ) has been excluded and the effects of all other GBAS, SBAS and core
satellite constellations Jailures are included.

Note 2.- For GAST D the GBAS signal-in-space integriry risk is defined as the

probabilitl, that tlrc ground subsystem provides information which when processed by a

fault-free rec:eiver, using any GBAS data that could be used by the aircralt in the service
volume, in the absence of an ionospheric anomaly results in an out-of-tolerance lateral
or vertical relative position eruor without annunciation for a period long,er than the

maximum signal-in-space time-to-alert. An out-of-tolerance lateral or vertical relative
positiott error is defined as an error that exceecls the CBAS approach services protectiott
level and the B-32 ephemeris error position bound. For GAST D, out of lolerance
conditions caused by anomalous ionospheric errors are excluded from this integrity risk
as the risk due to ionospheric anomalies has been allocated to and is mitigated by the

airborne segment.

9.10,7.1 .2.1.1 .3 Ground subsystem integrity risk for GAST D. For a GBAS ground

subsystem classified as FAST D, the probability that the ground subsystem internally

generates and transmits non-compliant information for longer than 1.5 seconds shall be

less than I x l0 e in any one landing.

Note L- This additional integrity risk requirement assigned to FAST D GBAS grttund
subsystems is defined in tenns of the probabilit",r that internal ground subsystem faults
generate non-compliant infurmation. Non-contpliant infurmation in this context is

defined in terms of the intended function of the ground subsystem to support landing
operations tn Category III minima. For example, non-compliant information includes any
broadcast signal or broadcast information that is not monitored in accordance with the

standard.

Note 2.- Environmental conditions (anomalous ionosphere, troposphere, radio

frequency inlerference, GNSS signal multipath, etc.) are not considered faults; httu'ever,

fauhs in ground subsystent equipmenl used to monitor for or mitigate the elfects oJ these

environmental cotrditions are included in this requirement. Similarly, the core satellite
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constellation ranging source faults are excluded from this requirement; however, the
ground subsystem's capability to provide integrity monitoring for these ranging sources
is included. Monitoring requirements for ranging source faults and ionosphere
environmental conditions are separately specified in 9.10.7.3.3.2, 9.10.7.3.3.3 and
9.10.7.3.4.

Note 3.- Faults that occur in ground receivers used to generate the broadcast
corrections are excludedfrom this requiremenl ifthey occur in any one, and only one,
ground receiver at any time. Such faults are consffained by the requirement in
9.10.7.1 .2.2.1 .2 and the associated integrity risk requirement in 9.10.7.1 .2.2.1 and
9.107 .t .2 .2 .t .1 .

9.10.7.1.2.1.2 Ground subsystem time to alertfor GBAS approach services

9.10.7.1.2.1.2.1 Maximum time to alertfor approach services

9.t0.7.t.2.1.2.1.1 For a ground segment classified as FAST A, B, C or D, the GBAS
ground subsystem maximum time-to-alert shall be less than or equal

to 3 seconds for all signal-in-space integrity requirements when

Type I messages are broadcast.

Note I .- The ground subsystent time-to-alert above is the time betvveen the onset of the

out-of-tolerance lateral or vertical relative position eruor and the transmission of the

last bit of the message that contains the integrity data that rellects the condition.

Note 2.- For FAST D ground subsystems, additional range domain monitoring
requirements apply as defined in section 9.10.7.3.3.2,9.10.7.3.3.3 and 9.10.7.3.4. In
these sections, time limits are defined for the ground system to detect and alert the

airborne receiver of out -of-toleranc e diffe re ntial pseudo- range errors.

9.10.7.1.2.1.2.1.2 For a ground segment classified as FAST A, the GBAS ground
subsystem signal-in-space maximum time-to-alert shall be less than or equal to 5.5

seconds when Type l0l messages are broadcast.

9.10.7.1.2.1.3 Ground subsystem FASLAL and FASVAL

9.10.7.1.2.1.3.1 For Message Type 4 FAS data blocks with APD coded as 1, 2, 3 or 4,
the value FASLAL for each FAS block, as defined in the FAS lateral alert limit field of
the Type 4 message shall be no greater than 40 metres, and the value FASVAL for each
FAS block, as defined in the FAS vertical alert limit field of the Type 4 message, shall
be no greater than l0 metres.

9.10.7.1.2.1.3.2For message Type 4 FAS data blocks with APD coded as zero, the

value FASLAL and FASVAL shall be no greater than the lateral and vertical alert
limits given in ANS Standards Part II, Volume 1,3.7.2.4 of this document for the

intended operational use.



2314 Ke nya S ubsidi ary Le gi slation, 20 I I

9.10.7.1.2.1.4 Ground subsystent signal-in-space integrity riskJor GBAS positiontng
service. For GBAS ground subsystem that provides the GBAS positioning service,
integrity risk shall be less than 9.9 x l0 t per hour.

Note l.- The integritv risk assigned to the GBAS ground subsystem is a subset oJ the
GBAS signal-in-spac'e integ,rity risk, v,here the protection level integrity risk
(9.10.7.1 .2.2.2) has been excluded and the elfects of all other GBAS, SBAS and core
satellite constellations failures are included. The GBAS g,round subsystem integ,rity risk
includes the integrity risk of satellite signal monitoring required in 9.10.7 .3 .3 .

Note 2.- GBAS signal-in-space integrity risk is defined as the probability that the
ground subsystem provides infornration which when processed by a fault-free receiver,
using any GBAS data that could be used by the aircraft, results in an out-of-tolerance
horizontal relative position error w,ithout annunciation for a period longer than the
maximum time-toalert. An out-of-tolerance horizontal relative positron error is defined as
an error that exceeds both the horizontal protection level and the horizontal ephemeris
error position bound.

9.10.7.1 .2.1.4.1 Time to alert for GBAS positioning service. The GBAS ground
subsystem maximum time-to-alert shall be less than or equal to 3 seconds when Type I
messages are broadcast and less than orequal to 5.5 seconds when Type 101 messages

are broadcast.

Note.- The time-to-alert above is the time between the onset of the out-of-tolerance
horizontal relative position error and the transmission of the last bit of the message that
contains the integriry data thctt re.flects the condition.

9 10.7.1.2.2 Protection level integnty risk

9.10.7.1.2.2.1 For a GBAS ground subsystem that provides GBAS approach service,

the protection level integrity risk shall be less than 5 x 10-R per approach.

Note.- For approach services, the protection level integrity risk is the integrity risk due
to undetected errors in the 1OO-second smoothed position solution relative to the GBAS
reference point greater than the associated protection levels under the two Jollowing
conditions:

a) normal measurenrcnt cottditions defined in 9.10.5.5.1 .1 with DV and DL set to
zero; and

b) faulted measurement conditions defined in 9.10.5.5.1 .2 with DV and DL set to
zero.

Note.- The g,round subsystem b<.tuttdittg oJ the |O0-second sntoothed GAST D position
solution will ensure that the 30s smoothed GAST D position solution is bounded.

9.10.7 .l.2.2.1.1 Additional bounding requirements for FAST D ground subsystems.

The svert (used in computing the protection level VPLH0) and slat (used in computrng
the protection level LPLH0) for CAST D formed based on the broadcast parameters
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(defined in 9.10.5.5.1.1.1) and excluding the airborne contribution shall satisfy the
condition that a normal distribution with zero mean and a standard deviation equal to
svert and slat bounds the vertical and lateral error distributions of the combined
differential correction errors as follows:

ir.o*ro[*)frren r>oe'a

J'.o*.0[*) frrdt -L>o
o

where

fn(x) = probability density function of the differential vertical or lateral position error
excluding the airborne contribution, and

Df

{" 
;*t

Jzr,
QF)

The 6u"ns1 (used in computing the protection level VPL,,) and 6,",r, (used in computing
the protection level LPL",) for CAST D formed based on the broadcast parameters
(defined in 9.10.5.5.1.2) and excluding the airborne contribution, shall bound the
combined differential correction errors (as defined above) formed by all possible subsets
with one reference receiver excluded.

Note l.- The airborne contribution is addressed in 9.10.8.3.2.1 in combination with the

use of the standard airborne multipath model defined in 9.10.5.5.1 .1 .2.

Note 2.- The combined differential correction errors refer to code carrier smoothed
corrections based on 100-second smoothing time constant.

9.10.7.1.2.2.1.2 For a GBAS ground subsystem classified as FAST D, the rate of
faulted measurements from any one, and only one, reference receiver shall be less than

I x l0-5 per 150 seconds.

Note.- Faulted measurements cln occur from faults within the receiver or /rom
environmental conditions unique to a single reference receiver location.

9.10.7.1.2.2.2 For a GBAS ground subsystem that provides the positioning service,

protection level integrity risk shall be less than l0-e per hour.
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Note.- The GBAS positioning service protection level integrity risk is the integrity risk
due to undetected errors in the horizontal position relativ,e to the GBAS referenc'e point
greater than the GBAS positioning service protection level under the two following
conditions:

a) rutrntal nxeasurement conditions defined in 9.10.5.5.2.l ; and

b) faubed measurement conditions defined in 9.10.5.5.2.2.

9.10.7.1.3 Contittuity of service

9.10.7.1.3.1 Continuity of service for approach services. The GBAS ground

subsystem continuity of service shall be greater than or equal to I - 8.0 x l0{ per 15

seconds.

Note.- The GBAS ground subsystem continuity of service is the average probabilitv per
lS-second period that the VHF data broadcast transmits data in tolerance, VHF data
broadcast field strength is within the specified range and the prolection levels are lctwer
than the alert limits, including configuration changes that occur due to the space
segn,ent. This continuity of service requirentent is the entire allocatiott of the signal-in-
space continuity requirement as contained in these regulations, and therefore all
continuity risks included in that requirement must be accounted Jor by, the ground
subsystem provider.

9.10.7.1.3.2 Additional continuity of service requirements for FAST D. The
probability of

a GBAS ground subsystem failure or false alert, excludrng ranging source monitoring,
causing an unscheduled interruption of servrce for a period equal to or greater than 1.5

seconds shall not exceed 2.0 x l0-6 during any l5 second interval. The probability that
the ground subsystem excludes any indrvidual faulrfree ranging source from the Type I

or Type I I corrections due to a false detection by the ground integrity monitors shall not
exceed 2.0 x l0'7 during any 15 second interval.

Note l.- l,oss of service includes failures resulting in loss of the VHF data broadcast,

failure to meet the VHF data broadcastfield stt'ength,failures resulting in transntission
of out-of-tolerance VHF broadcast data, and alert due to an integrity failure. Guidance
material on the potential causes oJ loss of service and monitor false detectio,ts are
contained in ANS Technical Standards Part II Vol I , Attachment D, 7 .6 .2 .1 .

Note 2.- Continuiryfor FAST D is defined as the probabiliN that the ground subsystent
continues to provide the services associated v,ith the intended ground subsystem

functions. Total aircraft continuity of navigation system performattce in the position
domain must be evaluated in the context of a specific satellite geometry) and aeroplane
integration. Evaluation of position domain navig,ation service continuity is the
responsibility of the airborne user for GAST D. Additional information regarding
continuity is given in ANS Technical Standards Part II Vol I , Attachment D, 7 .6.2 .l .
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9.10.7.1.3.3 Continuity of service for positioning service

Note.- For GBAS ground subsystems that provide the GBAS positioning service, there
may be additional continuity requirements depending on the intended operations.

9.10.7 .2 FUNCTIONAL REQUIREMENTS

9 .10 .7 .2.1 General

9 .lO .7 .2.1. I Data broadcast requirements

9.10.7.2.1.1.1 A GBAS ground subsystem shall broadcast Message Types as defined

in Table B-75A according to the service types supported by the ground

subsYstem

9 .10.7 .2.1 .t .2 Each GBAS ground subsystem shall broadcast Type 2 messages with
additional data blocks as required to support the intended operations.

Note.- Guidance material concerning usage of the Type 2 message additional data
blocks is provided in ANS Technical Standards Part II Vol I, Attachment D, 7 .17 .

I .1o.7 .2.t .r .3 Each GBAS ground subsystem which supports GBAS approach service
type (GAST) B, C or D shall broadcast FAS blocks in Type 4 messages

for these approaches. If a GBAS ground subsystem supports any
approach using GAST A or B and does not broadcast FAS blocks for
the corresponding approaches, it shall broadcast additional data block I
in the Type 2 message.

Note.- FAS blocks for APV procedures may be held within a database on board the

aircraft. Broadcasting additional data block I allows the airborne receiver to select the

GBAS ground subsystem that supports the approach procedures in the airborne
database. FAS blocks nmy also be broadcast to support operations by aircraft without an
airborne database.These procedures use dilferent channel numbers as described in ANS
Technical Standards Part II Vol I, Attachment D, 7 .7 .

9.10.7.2.1 .1.4 When the Type 5 message is used, the ground subsystem shall
broadcast the Type 5 message at a rate in accordance with Table 8-76.

Note.- When the standard 5 degree mask is not adequate to describe satellite visibility
at either the ground subsystem antennas or at an aircraft during a specific approach, the
Type 5 message may be used to broadcast additional information to the aircraft.

9.10.7.2.1.t.5 Data broadcast rates. For all message types required to be broadcast,
messages meeting the field strength requirements of these regulations
and the minimum rates shown in Table 8-76 shall be provided at every
point within the service volume. The total message broadcast rates
from all antenna systems of the ground subsystem combined shall not
exceed the maximum rates shown in Table 8-76.
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Note.- Guidance material concerning, the use of multiple antenna systems is provided in
ANS Technical Standards Part II Vol I, Attachment D,7.12.4.

Table B-75A. GBAS message types for supported service types

Message Type
MTI

MT2
MT2-ADB I

MT2-ADB 2

GASTA-Note l
Optronal - Note
2

Requrred
Optronal - Note
3

Optronal - Note
4
Not used
Recommended
Recommended
Optional
Optional
Not used
Optional - Note
2

Required
Optional - Note
3

Optional - Note
4
Not used
Recommended
Recommended
Requrred
Optional
Not used
Not allorved

Required
Optional - Note
3

Optional - Note
4
Not used
Recommended
Recommended
Requrred
Optronal
Not used
Not allowed

Required
Required

Optional

Required
Requrred
Requrred
Requrred
Optional
Requrred
Not allowed

GASTB-Note I GASTC-Note I GASTD-Note I
Required Required Required

MT2-ADB 3

MT2-ADB 4
MT3-Note 5

MT4
MT5
MTll-Note6
MT IOI

Note I .- Definition oJ ternts:
. Requrred: Message needs to be transmitted when supporting the service type;
. Optional: Message transmission rc oplronal when supporling the service type (not used

by some or all airborne subsystems);
. Recomntended: Use oJ the message is optional, but recommended, when supportinq the

service type;
. Not used: Message is not used by airborne subsystem.sJor this service type;
. Not allowed: Message tansm$srcn n notallowedtvhen supporting the serwce type.

Note 2 - Ground subsysten$ supporttng GAST A service lypes may broadcast Type I or l0l
Messagcs but

not both. Guidance material concerning usage of the Type l0l mcssage is provided in
ANS Technrcol

Standards Part II Vol I

Anachmenr D.7.18.

Note 3 - MT2-ADBI rc required 1f postttonmg service is offered.

Note 1 - MT2-ADB2 is required iJ CRAS Service is offered.

Note 5.- MT3 is recomntended (GAST A, B, C) or required (GAST-D) to be used only in order to
meet slot

occupancy requirentents m 9 .l 0.7 .4.1 .3 .

Note 6.- Gutdance nnterml concerning usage of the Type I I nrcssage is provded m ANS
Technical Standards Part II

Vol I Attachment D,7.20.
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Table 8-76. GBAS VHF data broadcast rates

Message type Minimum broadcast rate Maximum broadcast rate

I or l0l For each measurement type: For each measurement type:

All measurement blocks once per frame (Note) AllnpastuenBntblocksonoeperslot

Once per 20 consecutive tiames Once per tiame
Rate depends on message length Once per slot and eight times per frame

and scheduling of other messages
(see section 9.10.7.4.1.3.)
All FAS blocks once per 20 consecutive frames All FAS blocks once per frame

5 All impacted sources once per 20 consecutive ft'ames All impacted sources once per 5

consecutive frames
I I For each measurement type: For each measurement type:

All measurement blocks once per frame (Note) All measurement block once per slot

Note.-
OneType I,Type ll orType l0l messageortwoType I,Type l1 orType l0l messages
that are linked using the additional message flag described in 9.10.4.2,9.10.4.10.3 or
9.10.4.11.3
9.10.7.2.1.2 Message block identifier. The MBI shall be set to either normal or test

according to the coding given in 9.10.3.4.1.

9.10.7.2.1.3 VDB authentication
9.10.7.2.1.3.1 All GBAS ground subsystems shall support VDB authentication (section

9.to;1.4).

9 .10.7 .2.1 .3 .2 All ground subsystems classified as FAST D shall support VDB
authentication (section 9 .10.7 .4).

4

9.t0;1.2.2

9.t0.7.2.2.r

9 .to .7 .2.2.2

Pseudo-range corrections

Message latency. The time between the time indicated by the modified Z-
count and the last bit of the broadcast Type I, Type II or Type l0l
message shall not exceed 0.5 seconds.

Low-frequency data.Except during an ephemeris change, the first ranging
source in the Type I, Type I I or Type l0l message shall sequence so that
the ephemeris decorrelation parameter, ephemeris CRC and source
availability duration for each core satellite constellation's ranging source
are transmitted at least once every l0 seconds. During an ephemeris
change, the first ranging source shall sequence so that the ephemeris
decorrelation parameter, ephemeris CRC and source availability duration
for each core satellite constellation's ranging source are transmitted at

least once every 27 seconds. When new ephemeris data are received from
a core satellite constellation's ranging source, the ground subsystem shall
use the previous ephemeris data from each satellite until the new
ephemeris data have been continuously received for at least 2 minutes but
shall make a transition to the new ephemeris data before 3 minutes have
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passed. When this transition is made to using the new ephemeris data for a

given ranging source, the ground subsystem shall broadcast the new
ephemeris CRC and associated low frequency information. notably P and
PD for all occurrences of that ranging source in the low-frequency
information of Type 1, Type 11 or Type 101 message in the next 3

consecutive frames. For a given ranging source, the ground subsystem
shall continue to transmit data corresponding to the previous ephemeris
data until the new CRC ephemeris is transmitted in the low-frequency data
of Type I, Type II or Type l0l message (see Nore). If the ephemeris CRC
changes and the IOD does not, the ground subsystem shall consider the
ranging source invalid.

Note.- The clelay before the ephenreris transition allou' stfficient tinte for the aircraft
subsystem to collect new ephemeris data.

9.10.7.2.2.2.1 The ephemeris decorrelation parameter and the ephemeris CRC for each
core satellite constellation's ranging source shall be broadcast as

frequently as possible.

9.1o.7.2.2.3 Broadcast pseudo-range correction. Each broadcast pseudo-range

correction shall be determined by combining the pseudo-range correction
estimates for the relevant ranging source calculated from each of the

reference receivers. For each satellite, the measurements used in this
combination shall be obtained from the same ephemeris data. The
corrections shall be based on smoothed code pseudo-range measurements
for each satellite using the carrier measurement from a smoothing filter
and the approach service type specific smoothing parameters in
accordance with section 9. 10.5 . I .

9.10.7.2.2.4 Broadcast signal-in-space integrity parameters. The ground subsystem shall
provide op,jna ond B parameters for each pseudo-range correction in Type I

message such that the protection level integrity risk requirements defined in
9.1O.7.1 .2.2 for GAST A, B, and C are satisfied. At least two B values that
are not using the special coding (as defined in section 9.10.4.2.4) shall be

provided with each pseudo-range correction. The ground subsystem shall
provide op,_gn4 and, if necessary, B parameters for each pseudo-range

correction in Type l0l message such that the protection level integrity risk
requirements defined in 9.10.7.1 .2.2 are satisfied.

Note .- Broadcast of the B parameters are optional for Type I 0 I messages . Guidance
material regarding the B parameters in Type l0l ntessages is contained in ANS
Technical Standards Part II Vol I Attachment D, 7 .5 .1 I .

9.10.7.2.2.4.1 Broadcast signal-in-space integritv parameters for FAST D Ground
subsystents. Ground subsystems that support GAST D shall provide
Sigma_PR_gnd_D in the Type I I message and B parameters for each
pseudo-range correction in the Type I message such that the protection
level integrity risk requirement defined in9.10.7.1.2.2.1 is satisfied.
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9.10.7.2.2.4.2 For FAST D systems broadcasting the Type 1l message, if oprgnd is
coded as invalid in the Type I message, then the Sigma_PR_gnd_D for
the associated satellite in the Type I I message shall also be coded as

invalid.

9.1O.'1 .2.2.5 Reference receiver measurements shall be monitored. Faulted
measurements or failed reference receivers shall not be used to compute
the pseudo-range corrections.

9.10.1.2.2.6 Repeated transmission of Type l, Type IIor Type l0l messages. For a

given measurement type and within a given frame, all broadcasts of Type
I, Type II or Type l0l messages or linked pairs from all GBAS broadcast
stations that share a common GBAS identification, shall have identical
data content.

9.t0.7.2.2.7 Issue of data. The GBAS ground subsystem shall set the IOD field in each
ranging source measurement block to be the IOD value received from the
ranging source that corresponds to the ephemeris data used to compute the
pseudo-range correction.

9.10.'1 .2.2.8 Application of signal enor models. Ionospheric and tropospheric
corrections shall not be applied to the pseudo-ranges used to calculate the
pseudo-range corrections.

9.10.7.2.2.9 Linked pair of Type I, Type lI or Type I0l messages. If a linked pair of
Type l, Type II or Type l0l messages is transmitted then,

a) the two messages shall have the same modified Z-count;

b) the minimum number of pseudo-range corrections in each message shall be one;

c) the measurement block for a given satellite shall not be broadcast more than
once in a linked pair of messages;

d) the two messages shall be broadcast in different time slots; and

e) the order of the B values in the two messages shall be the same.

0 for a particular measurement type, the number of measurements and low-
frequency data shall be computed separately for each of the two individual
messages;

g) in the case of FAST D, when a pair of linked Type I messages are transmitted,
there shall also be a linked pair ofType 1 I messages; and

h) if linked message types of Type I or Type 11 are used, the satellites shall be

divided into the same sets and order in both Type I and Type I I messages.

Note.- Type I nrcssages may include additional satellites not available in Type ll
messages, but the relative order of those satellites available in both messages is the same
in Type I and Type 1l messages. Airborne processing is not possible Jor satellites
included in the Type I I message but not included in the associated Type I message.
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9.10.7.2.2.9.1 Linked messages should only be used when there are more pseudo-range

corrections to transmit than will fit in one Type I message.

9 .10 .7 .2.2.10 Modified Z-count requirements

9.10.7.2.2.10.1 Modified Z-count update. The modified Z-count for Type 1 or Type 101

messages of a given measurement type shall advance every frame.
9.10.7.2.2.10.2 If Message Type ll is broadcast, the associated Type I and Type ll

messages shall have the same modified Z-count.

9.t0.7.2.2.tt

9 .LO ;t .2 .2.1 | .1

Ephemeris decorrelation parameters

Ephemeris decorrelation parameter for approach services For ground
subsystems that broadcast the additional data block I in the Type 2

message, the ground subsystem shall broadcast the ephemeris
decorrelation parameter in the Type I message for for each core satellite
constellation ranging source such that the ground subsystem integrity
risk of 9.10.7.1.2.1.1.1 is met.

9.10.7.2.2.11.2 Ephemeris decorrelation parameter for GAST D. Ground subsystems

classified as FAST D shall broadcast the ephemeris decorrelation
parameter in the Type l1 message for each core satellite constellation
ranging source such that the ground subsystem signal-in-space integrity
risk of 9.10.7.1.2.1.1.3 is met.

9.10.7.2.2.11.3 GBAS positioning service. For ground subsystems that provide the
GBAS positioning service, the ground subsystem shall broadcast the
ephemeris decorrelation parameter in the Type I message for each core

satellite constellation's ranging source such that the ground subsystem

signal-in-space i integrity risk of 9.10.7.1.2.1.4 is met.

9.10.7 .2.3

9.t0;1.2.3.t

GBAS-related data

Tropospheric delay parameters. The ground subsystem shall broadcast a
refractivity index, scale height, and refractivity uncertainty in a Type 2

message such that the protection level integrity risk requirements defined
in 9.10.7 .1.2.2 are satisfied.

9.10.7.2.3.2

9.to.7.2.3.2.1

GCID indication

GCID indication for FAST A, B or C .If the ground subsystem meets the
requirements of 9.10.7.1.2.1.1.1, 9.10.7.1.2.2.1,9.10.7.1.3.1,9.10.7.3.2
and 9.10.7.3.3.1 but not all of 9.10.7 .l .2.1 .l .2, 9.10.7.1 .2.1 .l .3 ,

9 .10.7 .l .2.2.1 .l , and 9.10.7.1 .3.2 the GCID shall be set to 1 , otherwise it
shall be set to 7.

Note.- Some of the requirements applicable to FAST D are redundant with the FAST A,
B and C requirentents. The phrase "not all of' refers to the condition where a ground
subsystem may meet some of the requirements applicable to FAST D but not all of them.
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ThereJore, in that condition the GCID would be set to l, indicating that the ground
subsystem meets only FAST A, B or C.

9.r0.7.2.3.2.2 GCID indication for FAST D. If the ground subsystem meets the
requirements of 9.10.7.1 .2.1.1.1 , 9.10.7.1.2.1 .1.2, 9.10.7.1 .2.1 .1 .3,

9.10.1.1.2.2.1.1,9.10.7.1.2.2.1,9.r0.1.r.3.1,9.10.7.1.3.2,9.10.7.3.2 and

9.10.7.3.3, the GCID shall be set to 2, otherwise it shall be set in
accordance with 9.10.7 .2.3.2.1.

9.10.7.2.3.2.3 GCID values of 3 and 4 are reserved for future service types and shall
not be used.

9.10.7.2.3.3 GBAS reference antenna phase centre position accuracy. For each GBAS
reference receiver, the reference antenna phase centre position error shall
be less than 8 cm relative to the GBAS reference point.

9.10.7.2.3.4 GBAS reference point survey accuracy. The survey error of the GBAS
reference point, relative to WGS-84, shall be less than 0.25 m vertical
and I m horizontal.

Note.- Relevant guidance material is given in ANS Technical Standards Part II Vol I
Attachment D,7.16.
9.10.7.2.3.5 Ionospheric uncertainty estimate parameter.

9.10.7.2.3.5.1 lonospheric uncertainty estimate parameter for all ground subsystems.
The ground subsystem shall broadcast an ionospheric delay gradient
parameter in the Type 2 message such that the protection level integrity
risk requirements defined in 9.10.7.1 .2.2 are satisfied.

9.10.7.2.3.5.2 lonospheric uncertainty estimate parameter for FAST D ground
subsystems. The ground subsystem shall broadcast an ionospheric delay
gradient parameter in the Type 2 message, additional data block 3, such

that the protection level integrity risk requirements defined in9.10.7.1.2.2
are satisfied.

Note.- Guidance material concerning FAST D position domain error bounding for
ionospheric errors may be found in ANS Technical Standards Part II Vol I Attachment D,
7 .5 .6 .1 .3 and 7 .5 .6.1 .4

9.to;1.2.3.6 For ground subsystems that provide the GBAS positioning service, the
ground subsystem shall broadcast the ephemeris error position bound
parameters using additional data block I in the Type 2 message.

9.10.7.2.3.7 All ground subsystems shall broadcast the ephemeris error position bound
parameters using additional data block I in the Type 2 message.

9.10.7.2.3.8 For ground subsystems that broadcast additional data block I in the Type
2 message, the following requirements shall apply:
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9.L0.7.2.3.8.1 Maximum use distance. The ground subsystem shall provide the
maximum use distance (Dmax). When the positioning service is provided
the ground subsystem integrity risk in 9.10.7.1.2.1.4 and the protection
level integrity risk in 9.10.7.1.2.2.2 shall be met within Dmax. When
approach service is provided, the maximum use distance shall at least
encompass all approach service volumes supported..

9.10.7.2.3.8.2 Ephemeris missed detection parameters. The ground subsystem shall
broadcast the ephemeris missed detection parameters for each core
satellite constellation such that the ground subsystem integrity risk of
9.10.7.1.2.1 is met.

9.t0.7.2.3.8.3 GBAS positioning service indication. If the ground subsystem does not
meet the requirements of 9.10.7.1.2.1.2 and 9.10.7.1.2.2.2, the ground
subsystem shall indicate using the RSDS parameter that the GBAS
positioning service is not provided.

9.10.7.2.3.9 If the VHF data broadcast is transmitted at more than one frequency
within the GRAS service area, each GBAS broadcast station within the
GRAS ground subsystem shall broadcast additional data blocks I and 2.

9.10.7.2.3.9.1 The VHF data broadcast shall include additional data block 2 parameters

to identify channel numbers and locations of adjacent and nearby GBAS
broadcast stations within the GRAS ground subsystem.

Note.- This facilitates the transition from one GBAS broadcast station to other GBAS
broadcast stations in the GRAS ground subsystem.

9.10.7.2.4 Final approach segmenr dara

9.10.7.2.4.1 FAS data points accuracy. The relative survey error between the FAS data
points and the GBAS reference point shall be less than 0.25 metres vertical
and 0.40 metres horizontal.

9 .10.7 .2.4.2 The final approach segment CRC shall be assigned at the time of procedure
design, and kept as an integral part of the FAS data block from that time
onward.

9.10.7.2.4.3 The GBAS shall allow the capability to set the FASVAL and FASLAL for
any FAS data block to "llll ll11" to limit the approach to lateral only or
to indicate that the approach must not be used, respectively.

9.10.7.2.4.4 LTP/FTP for FAST D. For an approach that supports GAST D, the
LTP/FIP point in the corresponding FAS definition shall be located at the
intersection of the runway center line and the landing threshold.

Note.- Airborne systems may compute the distance to the landing threshold using the
LTP|FTP. For GAST D approaches, the LTP/FTP is to be at the threshold so that these

distance to go computations reliably reflect the distance to the threshold.
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9.10.7.2.4.5 FPAP locationfor FAST D. For an approach that supports GAST D, the
FPAP point in the coresponding FAS definition shall be located on the

extended runway centerline and the Alength offset parameter shall be
coded to correctly indicate the stop end of the runway.

9.10.7 .2.5 Predicted ranging source availability data

Note.- Ranging source availability data are optional lor FAST A, B, C or D ground
subsystems and may be required for possible future operations.

9.10.'l .2.6 General functional requirements on augmentation

9.10.7.2.6.1 GBAS ground subsystems classified as FAST C or FAST D shall provide
augmentation based on GPS at a minimum.

9.10.7.2.6.2 Ground subsystems classified as FAST C shall be able to process and
broadcast corrections for at least l2 satellites of each core constellation for
which differential corrections are provided.

9.10.7.2.6.3 Ground subsystems classified as FAST D shall be able to process and
broadcast differential corrections for at least 12 satellites of one core
constellation.

Note.- Technical validation has only been completed for GAST D when applied to GPS

9.1O.'7.2.6.4 Whenever possible, differential corrections for all visible satellites with an

elevation greater than 5 degrees above the local horizontal plane tangent to
the ellipsoid at the ground subsystem reference location shall be provided
for each core constellation for which augmentation is provided.

Note.- The phrase "whenever possible" in this context means whenever meeting another
requirement in these SARPs (for exantple 9.10.7.3.3.1) does not preclude providing a
differential correction for a particular satellite.

9.10.7.3 MONITORING

9.10.7.3.1 RF ntonitoring

9.10.7.3.1 VHF data broadcast monitoring. The data broadcast transmissions shall be
monitored. The transmission of the data shall cease within 0.5 seconds in
case of continuous disagreement during any 3-second period between the
transmitted application data and the application data derived or stored by
the monitoring system prior to transmission. For FAST D ground
subsystems, the transmission of the data shall cease within 0.5 seconds in
case of continuous disagreement during any l-second period between the
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transmitted application data and the application data derived or stored by
the monitoring system prior to transmission.

Note.- For ground subsystents that support authentication, ceasing the transmission of
data means ceasing the transmission of Type I messages and Type I I messages if
applicable or ceasing tlrc transmission of Type l0l messages. In accordance with
9.10.7.4.1 .3, the ground subsystem must still transmit nressages such that the defined
percentage or more of every assigned slot is occupied. This can be accomplished by
transmitting Tvpe 2, Type 3 , Type 4 or Type 5 messages .

9.10.7.3.1.2 TDMA slot motritoring. The risk that the ground subsystem transmits a

signal in an unassigned slot and fails to detect an out-of-slot transmission,
which exceeds that allowed in 9.10.2.6, within I second, shall be less than I
x l0-7 in any 3O-second period. If out-of-slot transmissions are detected, the
ground subsystem shall terminate all data broadcast transmissions within
0.5 seconds.

9.10.7.3.1.3 VDB transmitter power monitor. The probability that the horizontally or
elliptically polarized signal's transmitted power increases by more than 3

dB from the nominal power for more than I second shall be less than 2.0 x
l0 7 in any 30-second period.

Note.- The vertical component is only monitored for GBAS/E equipment

9.10.7.3.2 Data monitoring

9.10.7 .3.2.1 Broadcast quality monitor. The ground subsystem monitoring shall comply
with the trme-to-alert requirements given in 9.1O.7.1.2.1. The monitoring
action shall be one of the following:

a) to broadcast Type I (and Type 1l if broadcast) or Type l0l messages with no

measurement blocks; or

b) tobroadcastType I (andType 11if broadcast)orType 101 messageswiththe

op,_sna, (and opr_4nd_Dr if broadcast) field set to indicate the ranging source is

invalid for every ranging source included in the previously transmitted frame; or

c) to terminate the data broadcast.

Note.- Monitoring actions a) and b) are preJerred to c) if the particular failure nrode
permits such a response, because actions a) and b) typically have a reduced signal-in-
space time-to-alert.

9 .1O.7 .3 .3 lntegrity monitoring for GNSS ranging sources
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9.10.7.3.3.1

9 .10.7 .3 .3 .1

The ground subsystem shall monitor the satellite signals to detect
conditions that will result in improper operation of differential processing
for airborne receivers complying with the tracking constraints in ANS
Technical Standards Part II Vol 1 Attachment D, 8.1 l. The monitor time-
to-alert shall comply with 9.10.7.1 .2. The monitor action shall be to set

opr_gnd to the bit pattern "l I I I I I I l" for the satellite or to exclude the
satellite from the Type I, Type I I or Type l0l message.

The ground subsystem shall use the strongest correlation peak in all
receivers used to generate the pseudo-range corrections. The ground
subsystem shall also detect conditions that cause more than one zero
crossing for airborne receivers that use the Early-Late discriminator
function as described in ANS Technical Standards Part II Vol I
Attachment D, 8.11.

9.r0.7.3.3.2 For FAST D ground subsystems, the probability that the error at the
landing threshold point (LTP) of any nrnway for which the ground
subsystem supports GAST D, lErl, on the 3O-second smoothed corected
pseudo-range (section 9.10.5.2) caused by a ranging source fault, is not
detected and reflected in the broadcast Type I I message within 1.5 s shall
fall within the region specified in Table B-76 A.

Ranging source faults for which this requirement applies are

a) signal deformation (Note l.);

b) code/carrier divergence:

c) excessive pseudo-range acceleration, such as a step or other rapid change; and

d) erroneous broadcast of ephemeris data from the satellite.

Note l.- Refer ro ANS Technical Standards Part II Vol I Appendix D, section 8.ll for
further infornrution on GAEC-D avionics relating to signal defornation Jault.

Note 2.- Upon detection, a ranging source fault nwy be reflected in the Type 1l
message by either:
a) removing the correction for the associated satellite /rom the Type I I message; or
b) marking the satellite as invalid using tlrc coding, of opr_gnd_D (section 9 .10.4 .1 I .4).

Note 3.- The acceptable probability of missed detection region is defined with respect to
differentially corrected pseudo-range error. The dffirentially corrected pseudo-range
error, lErl, includes the error resulting from a single ranging source fault, given the

correct application of GBAS ground subsystem Message Type I I broadcast corrections
(i.e. pseudo-range correction and range rate corrections defined in Section 9.10.4.1 l) by
the aircraft avionics as specified within section 9 .10 .8 .3 . Evaluation of Pmd performance
includes GBAS ground subsystent fault-free noise.The growth of lErl with time should
consider the data latency of the ground subsystenr, but not the airborne latency.

Note 4.- Additional information regarding, the rang,ing, source fault conditions and
monitoring requirements for FAST D ground subsystems may be found in ANS Technical



2328 Kenya Sub sidiary k gi s lation, 20 1 8

Standards Part II Vol I Attachnrcnt D,7.5.12. Missed messages do not need to be
considered as part of compliance with this requiremenl.

Table 8-76 A. Pmd limit Parameters

Probability of Missed Detection Pseudo-rang,e Error (metres)

Pmdlimit<l 0<lErl <0.75
Pmdlimit s l0(-2.56xlErl + 1.92) O.75 slBrl <2.7
Pmdlimit < l0-5 2.7 slBrl < *

9.10.'l .3.3.3 ForFASTDgroundsubsystems,theprobabilitythatanerroratthelanding
threshold point (LTP) of any runway for which the ground subsystem
supports CAST D, lErl, greater than 1.6 metres on the 30-second smoothed
corrected pseudo-range (section 9.10.5.2), caused by a ranging source fault,
is not detected and reflected in the broadcast Type I I message within 1.5

seconds shall be less than lxl0-e in any one landing when multiplied by the
prior probability (P 

"0,,.,,).

Ranging source faults for whrch thrs requirement applies are:

a) signal deformation (Note 1.);
b) code/carrier divergence;
c) excessive pseudo-range acceleration, such as a step or other rapid change; and

d) erroneous broadcast of ephemerrs data from the satellite.

Note l.- It is intended that the prior probabiliry, of each ranging, source fault (Papriori)
be the sante value that is used in the analysis to show compliance with error bounding
requirements for FAST C and D

Note 2.- Upon detection, a ranging source fault nny be reJlected in the Type ll
messagp by either:

a) removing the faulty satellite coruection ftom the Type I I message; or
b) marking the satellite as inv,alid using the coding of oprlnd_D (section 9.10.4.1 1.4).
Note 3.- Additional information regarding the ranging source fault conditions and
monitoring requirements for FAST D ground subsystems may be found in ANS Technical
Standards Part II Vol I Attachment D,7.5.12. Missed messages do not need to be

considered as part of compliance with lhis requirement.

9.10.7.3.4 lotrospheric g,radient mitig,ation

For FAST D ground subsystems, the probabrlity of an enor (lErl) rn the 30-second
smoothed corrected pseudo-range at the landing threshold point (LTP) for every GAST D
supported runway that (a) is caused by a spatial ionospheric delay gradient, (b) is greater

than the EIG value computed from broadcastType2 message,and (c) is notdetected and
reflected in the broadcast Type 11 message within 1.5 seconds shall be less than I x lOe
in any one landing. The FAST D ground subsystem shall limit the Type 2 broadcast
parameters to ensure that the maximum EIG at every LTP supporting GAST D operations
shall not exceed2.75 metres.
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Note l.- The total probability of an undetected delay gradient includes the prior
probability ofthe gradient and the monitor(s) probability ofmissed detection.
Note 2.- Validation guidance for this requirement can be found in ANS Technical
Standards Part II Vol I 7.5.6.1 .8.

9,1O.'1.4 FUNCTIONAL REQUIREMENTS FOR AUTHENTICATION PROTOCOLS

9.10.7.4.1 Functional requirementsfor ground subsystems that support authentication

9.10.'l .4.1.1 The ground system shall broadcast the additional data block 4 with the Type
2 message with the slot group definition field coded to indicate which slots
are assigned to the ground station.

9.10.7.4.1.2 The ground subsystem shall broadcast every Type 2 message only in the
one of a set of slots defined as the MT 2 sanctioned slots. The first slot in
the group of MT 2 sanctioned slots corresponds to the SSID coding for the
ground subsystem. Slot A is represented by SSID = 0, B by l,C by 2, and H
by 7. The group of MT 2 sanctioned slots then also includes the next slot
after the slot corresponding to the station SSID if it exists in the frame. If
there is not an additional slot before the end of the frame, only the SSID is
included in the set.

Note .- For example, the MT 2 sanctioned slot group Jor SS/D = 0 would include slots

{A, B} while the MT 2 sancrioned slot group Jor SS/D = 6 would include slots {G, H}.
The MT 2 sanctioned slot group for SS/D = 7 includes slot {H} ortly.

9 .lO .'l .4 .l .2.1 The set of slots assigned to a ground station shall include at a minimum all
the slots in the MT 2 sanctioned slots as described in section 9.10.7.4.1.2.

9.to.7.4.1.3 Assigned slot occupancy. The ground subsystem shall transmit messages
such that 89 per cent or more of every assigned slot is occupied. If
necessary, Type 3 messages maybe used to fill unused space in any
assigned time slot.

Note I .- More information on the calculation of the slot occupancy is provided in ANS
Technical Standards Part II Vol I Attachment D, 7 .2 L

Note 2.- The requirement applies to the aggregate transmissions from all transmitters of
a GBAS ground subsystem. Due to sig,nal blockage, not all of those transmissions may be
received in the service volume.

9.10.'l .4.1.4 Reference path identifier coding. Every reference path identifier included in
every final approach segment data block broadcast by the ground subsystem
via the'fype 4 messages shall have the first letter selected to indicate the
SSID of the ground subsystem in accordance with the following coding.
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A = SSID ofO
X = SSIDof I
Z = SSID of2
J = SSIDof3
C = SSID of4
V = SSID of5
P = SSID of6
T = SSID of7

Functional requirements for ground subsystems that do not support

authentication

Coding:

9.10.7.4.2

9.10.7.4.2.1 Reference path iidentifier coding. Characters in this set: {AXZ J C V P T}
shall not be used as the first character of the reference path identifier
included in any FAS block broadcast by the ground subsystem via the Type
4 messages.

9.10.7 AIRCRAFTELEMENTS

9.10.7.1 GNSS receiver. The GBAS-capable GNSS receiver shall process signals of
GBAS in accordance with the requirements specified in this section as well as

with requirements in 9.5.3.1 or 9.6.3.1 or 9.9.8.1.

Note.- In order to ensure the required performance and functional objectives for GAST
D are achieved, it is necessary for the airborne equipment to meet defined performance
and functional standards. The relevant minimum operational performance standards are
detailed in RTCA DO-253D.

9.10.7 .2 P ERF O RMANC E REQU IREMENTS

9.10.7 .2.1 GBAS aircratt receiver accuracy

9 .10 .7 .2.1 .l The RMS of the total aircraft receiver contribution to the error for GPS and
GLONASS shall be:

R-hISF,", (gr) 
= 

ro + tr x 
"{{'qt

Where

n = the nth ranging source;0 n = the elevation angle for the nfiranging source and;

a0, al, and 00 = as defined in Table B-77 for GPS and Table B-78 for GLONASS

9.10.7.2.1.2 The RMS of the total aircraft receiver contribution to the error for SBAS
satellites shall be as defined in 9.9.8.2.1 for each of the defined aircraft
accuracy designators.
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Note.- The aircraJt receiver contribution does not include the measurement error
induced by airframe multipath.

Table B-77. Aircraft GPS receiver accuracy requirement

Aircraft
accuracy

0 n(degrees) a{metes) a/metes) ?o@egrees)

233t

>5
>5

A
B

0.9>5
>5

A
B

0.15
0.1I

0.43
0.r 3

6.9
4

Table B-78. Aircraft GLONASS receiver accuracy requirement

Aircraft
accuracy

0 n(degrees) ao(metres) ar(metres) Oo(degrees)

0.39
0.105 o.25

5.7
5.5

9.t0.7.2.2

9.r0.7.2.2.r

VHF data broadcast receiver performance

VHF data broadcast tuning range. The VHF data broadcast receiver shall
be capable of tuning frequencies in the range of 108.000 - 117.975 MHz in
increments of 25 kHz.

9.10.7.2.2.2 VHF data broadcast capture range.The VHF data broadcast receiver shall
be capable of acquiring and maintaining lock on signals within:418 Hz of
the nominal assigned frequency.

Note.- The frequency stability of the GBAS ground subsystem, and the worst-case
doppler shift due to the motion ofthe aircraft, are reflected in the above requirement.The
dynamic range of the automatic Jrequency control shall also consider the frequency-
stability error budget of the aircraft VHF data broadcast receiver.

9.10.7.2.2.3 VHF data broadcast message Jailure rate.The VHF data broadcast receiver
shall achieve a message failure rate less than or equal to one failed message
per I 000 full-length (222 bytes) application data messages, within the

range of the RF field strength defined in 9.11.3.5.4.4 as received by the

airborne antenna, provided that the variation in the average received signal
power between successive bursts in a given time slot does not exceed 40
dB. Failed messages include those lost by the VHF data broadcast receiver
system or which do not pass the CRC after application of the FEC.

Note L- An aircraft VHF data broadcast receiving antenna can be horizontally or
vertically polarized. Due to the dffirence in the signal strength of horizontally and
vertically polarized components of the broadcast signal, the maximum total aircraJt
implementation loss for horizontally polarized receiving antennas is 4 dB higher than the

maximum loss for vertically polarized receiving antennas. For guidance in determining
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aircraft inplententation loss see ANS Technical Standards Part Il Vol I Attachment D
7.2.

Note 2.- It ts acceptable to exceed the signal power variation requirement in lintited
parts of the service yolume when operational requirements permit. Refer to Attachment
ANSTechnical Standards Part ll Vol I D,7.12.4.1 for g,uidonce.

9.10.7.2.2.4 VHF data broadcast time slot decodittg. The VHF data broadcast receiver
shall meet the requirements of 9.10.8.2.2.3 for all message types required
(section 9.10.8.3.1.2.1) from the selected GBAS ground subsystem. These
requlrements shall be met in the presence of other GBAS transmissions in
any and all time slots respecting the levels as indicated in 9.10.8.2.2.5.1 b).

Note.- Other GBAS transmissions may include: a) other than message types with the
same SSID, and b) messages v'ith difJeren,,S,SIDs.

9.10.7.2.2.5 Co-channel rejection

9.10.7.2.2.5.1 VHF data broadcast as the undesired signal source. The VHF data
broadcast recerver shall meet the requirements specified in 9.10.8.2.2.3 rn

the presence of an undesired co-channel VHF data broadcast signal that is
either:

a) assigned to the same time slot(s) and 26 dB below the desired VHF
data broadcast signal power at the receiver input or lower; or

b) assigned different time slot(s) and no more than 72 dB above the
minimum desrred VHF data broadcast signal field strength defined in
9.r1.3.5.4.4.

9.r0.7.2.2.5.2 VOR as the undesired signal. The VHF data broadcast recerver shall
meet the requirements specifred in 9.10.8.2.2.3 in the presence of an

undesired co-channel VOR signal that is 26 dB below the desired VHF
data broadcast signal power at the receiver input.

9.10.'l .2.2.6 Adjacent channel rejection

9.t0.7.2.2.6.1 First adjacent 25 kHz channels (r25 kHz). The VHF data broadcast
receiver shall meet the requirements specified in 9.10.8.2.2.3 in the
presence of a transmitted undesrred signal offset by 25 kHz on either
side of the desired channel that is either:

a) 18 dB above the desired signal power at the receiver input when the undesired

signal is another VHF data broadcast signal assigned to the same time slot(s); or

b) equal in power at the receiver input when the undesired signal is VOR.

9.t0.7.2.2.6.2 Second adjacent 25 kHz channels 1*50 kHz). The VHF data broadcast
receiver shall meet the requirements specified in 9.10.8.2.2.3 in the
presence of a transmitted undesired signal offset by 50 kHz on either
side of the desrred channel that is either:
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a) 43 dB above the desired signal power at the receiver input when the undesired
signal is another VHF data broadcast source assigned to the same time slot(s); or

b) 34 dB above the desired signal power at the receiver input when the undesired
signal is VOR.

9.10.7.2.2.6.3 Third and beyond adjacent 25 kHz channels (*75 kHz or more). The
VHF data broadcast receiver shall meet the requirements specified in
9.10.8.2.2.3 in the presence of a transmitted undesired signal offset by
75 kHz or more on either side of the desired channel that is either:

a) 46 dB above the desired signal power at the receiver input when the undesired signal is
another VHF data broadcast signal assigned to the same time slot(s); or

b) 46 dB above the desired signal power at the receiver input when the undesired signal is
voR.

9.1o.7.2.2.7 Rejection of off-channel signals from sources inside the 108.000 -
117.975 MHz band. With no on-channel VHF data broadcast signal
present, the VHF data broadcast receiver shall not output data from an
undesired VHF data broadcast signal on any other assignable channel.

9.10.7.2.2.8 Rejection of signals from sources outside the 108.000 - 117.975 MHz
band

9.10.7.2.2.8.1 VHF data broadcast interference immunity. The VHF data broadcast
receiver shall meet the requirements specified in 9.10.8.2.2.3 in the
presence of one or more signals having the frequency and total
interference levels specified in Table B-79.

9.10.7.2.2.8.2 Desensitization. The VHF data broadcast receiver shall meet the
requirements specified in 9.10.8.2.2.3 in the presence of VHF FM
broadcast signals with signal levels shown in Tables B-80 and B-81 .

Table B-79. Maximum levels of undesired signals

Frequency Maximum level of undesired signals at
the receiver input (dB above Smax)

50 kHz up to 88 MHz
88 MHz - 107.900 MHz
108.000 MHz - | l7 .975 MHz
I18O00 MHz
I18.025 MHz
I18.050 MHz up to I 660.5 MHz

-12
(see 9. 10.8.2.2.8.2 and 9.10.8.2.2.8.3)
Excluded
43
-40
-12

Frequency Maximum level of undesired signals at

the receiver input (dB above Smax)
50 kHz up to 88 MHz -12
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88 MHz - 107.900 MHz
108.000 MHz - ll7 .975 MHz
118.000 MHz
I18.025 MHz
I18.050 MHz up to I 660.5 MHz

(see 9.10.8.2.2.8.2)
Excluded
43
-40
-12

Notes.-

l. The relationship ts linear beween sing,le adjacent points designated by the above

Jrequencies.

2.These interjerence immunty requirements may not be adequate to ensure compatibility
between VHF data broadcast receivers and VHF comnrunication systems, particularly
for aircraft that use the

vertically polarized component of the VHF data broadcast. Without coordination
between COM and

NAV frequencies assignments or respect of a guard band at the top end of the I 12 -
I 17.975 MHz

band, the maximum levels quoted at the lowest COM VHF channels (l18.000, I18.00833,
118.01666.

118.025, 118.03333, /,18.04166, 118.05) may be exceeded at the input of the VDB
receivers. In lhat

case, some nreans to attenuate the COM sig,nals at lhe input of the VDB receivers (e.9,

antenna

separation) will have to be implemented. The final compatibiliry will have to be assured
when

equipment is installed on the aircraft.
2 S.., is the maximum desired VHF data broadcast signal power at the receiver input

Table B-80. Desensitization frequency and power requirements that apply for VDB
frequencies from 108.025 to lll.975 MHz

Frequency Maximum level of undesired signals at the
recelver input (dBm above Smax)

88 MHz sf < lO2MHz
104 MHz
106 MHz
lO7.9MHz

l6l5
lll0
65

-910

Notes.-
l.The relationship s linear between single adjacent points designated by the above

frequencies.
2. This desettsitizatiort requirement is not applied for FM carriers above 107.7 MHz and
VDB channels at 108.025 or 108.050 MHz. See ANS Technical Standards Part II Vol I
Attachntent D, 7 .2.1 .2 .2 .

.1. ,Smax is the maximum desired VHF data broadcast signal power at the receiver input.
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Table B-81 . Desensitization frequency and power requirements that apply for VDB
frequencies from 112.000 to ll1 .9'75 MHz

Frequency Maximum level of undesired signals
at the receiver input (dBm above S**)

88MHzsfsl04MHz
106 MHz
107 MHz
107.9 MHz

t6
11

6

I

Notes.-
LThe relationship is linear between single adjacent points designated by the above

lrequencies.
2. Smax is the maximum desired VHF data broadcast signal power at the receiver input

9.10.7.2.2.8.3 VHF data broadcast FM intermodulation immuniry. The VHF data
broadcast receiver shall meet the requirements specified in 9.10.8.2.2.3
in the presence of interference from two-signal, third-order
intermodulation products of two VHF FM broadcast signals having
levels in accordance with the following:

2Nl+N2+3123-S.",1 s0

for VHF FM sound broadcasting signals in the range 107 .7 - 108.0 MHz and

2Nl + N2 + 3 [23 - S,* - 20 Log (Af / 0.4)] < 0

for VHF FM sound broadcasting signals below 107.7 MHz

where the frequencies of the two VHF FM sound broadcasting signals produce, within
the receiver, a two signal, third-order intermodulation product on the desired VDB
frequency.

N, and N, are the levels (dBm) of the two VHF FM sound broadcasting signals at the
VHF data broadcast receiver input.
Neither level shall exceed the desensitization criteria set forth in9.10.8.2.2.8.2.

Af = 108.1 - f,, where fl is the frequency of N,, the VHF FM sound broadcasting signal
closerto 108.1 MHz.

S.* is the maximum desired VHF data broadcast signal power at the receiver input

Note.- The FM intermodulation immunity requirements are not applied to a VHF data
broadcast channel operating below i,08.1 MHz, hence frequencies below 108.1 MHz are
not intended for general assignments. Additional information is provided in ANS
Technical Standards Part II Vol I Attachment D, 7 .2 .l .2 .
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9.10.7.3 AIRCRAFT FU NCTIONAL REQU IREMENTS

Note.- Unless otherwise specified, the following requirements apply to all GBAS
airborne equipment classifications as described in ANS Technical Standards Part II Vol I
Attachment D,7.1 .4.3.

9 .10.7 .3 .l Conditions Jor use of data

9.10.7.3.1.l The receiver shall use data from a GBAS message only if the CRC of that
message has been verifred.

9.10.7.3.1 .2 The receiver shall use message data only if the message block identifier is
set to the bit pattern "1010 1010".

9.10.7.3.1.2.1 GBAS message processing capability. The GBAS receiver shall at a

minimum process GBAS message types in accordance with Tabte B-82.

Table B-82. Airborne equipment message type processing

GBAS airborne equipment classification
(GAEC)

Minimum message
types processed

GAEC A

GAEC B

GAEC C

GAEC D

MT I or l0l, MT 2 (including ADB I and 2
if provided)
MT l, MT 2 (including ADB I and 2 if
provided), MT 4
MT I, MT 2 (including ADB I if provided),
MT4
MT I, MT 2 (including ADB l, 2,3 and 4),
MT4 MT II

9.10.7 .3.1.2.2 Airborne processing for forward compatibility

Note.- Provisions have been made to enable future expansion of the GBAS Standards to
support new capabilities. New message types may be defined, new additional data blocks

for message Type 2 may be defined and new data blocks defining reference paths for
inclusion within message Type 4 may be defined. To facilitate these future expansions, all
equipment shall be designed to properly ignore all data types that are not recognized.

9.1O.7.3.1.2.2.1 Processing of unknon,n message types. The existence of messages

unknown to the airborne receiver shall not prevent correct processing
of the required messages.

9.10.7.3.1 .2.2.2 Processing of unknown Type 2 extended data blocks. The existence of
message Type 2 additional data blocks unknown to the airborne
receiver shall not prevent correct processing of the required messages.
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9.10.7.3.1 .2.2.3 Processing otunknownType 4 data blocks.The existence of message
Type 4 data blocks unknown to the airborne receiver shall not prevent
correct processing of the required messages.

Note.- While the current SARPs include only one definition of a data blocklor inclusion
within a Type 4 message, future GBAS Standards may include other reference path
definirions.

9.10.7.3.1.3 The receiver shall use only ranging source measurement blocks with
matching modified Z-counts.

9 .10 .7 .3 .1.4 If Dmax is broadcast by the ground subsystem, the receiver shall only apply

pseudo-range corrections when the distance to the GBAS reference point is

less than Dmax.

9.10.7.3.1.5 The receiver shall only apply pseudo-range corrections from the most

recently received set of corrections for a given measurement type. If the

number of measurement fields in the most recently received message types

(as required in Appendix B, section 9.10.7.2.1.1.1 for the active service

type) indicates that there are no measurement blocks, then the receiver shall

not apply GBAS corrections for that measurement type.

9.1O.7 .3.1.6 Validity o/pseudo-range corrections

9.10.7.3.1.6.1 When the active service type is A, B or C, the receiver shall exclude

from the differential navigation solution any ranging sources for which

or.;n6 in the Type I or Type l0l messages is set to the bit pattern " 1 1 1 I
I I I t".

9.t0.7 .3.1 .6.2 If the active service type is D, the receiver shall exclude from the
differential navigation solution any ranging source for which oo,-,a_o in
the Type I I message or oprsna in the Type I message is set to the bit
pattern"ll1l lll1".

9.t0.7.3.1.7 The receiver shall only use a ranging source in the differential
navigation solution if the time of applicability indicated by the
modified Z-count in the Type I, Type II or Type 101 message
containing the ephemeris decorrelation parameter for that ranging
source is less than 120 seconds old.

9.10.7.3.1.8 Conditions for use of data to support approach services

9.10.7.3.1.8.1 During the final stages of an approach, the receiver shall use only
measurement blocks from Type I, Type II or Type 101 messages that
were received within the last 3.5 seconds.
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Note.- Guidance concerning time to alert is given in ANS Technical Standards Part II
Vol I Attachment D,7.5.12.3.

9.10.7.3.1.8.2 GCID Indications

9.10.7.3.1.8.2.1 When the active service type is A, B or C, the receiver shall use

message data from a GBAS ground subsystem for guidance only if the

GCID indicates 1, 2, 3 or 4 prior to initiating the final stages of an

approach.

9.10.7.3.1 .8.2.2 When the active service type is D, the receiver shall use message data
from a GBAS ground subsystem for guidance only if the GCID
indicates 2,3 or 4 prior to initiating the final stages of an approach.

9.10.7.3.1.8.3 The receiver shall ignore any changes in GCID during the final stages

of an approach.

9.10.7.3.1.8.4 The receiver shall not provide approach vertical guidance based on a

particular FAS data block transmitted in a Type 4 message if the
FASVAL received prior to initiating the final stages of the approach is
setto"llll 1111".

9.10.7.3.1.8.5 The receiver shall not provide approach guidance based on a particular
FAS data block transmitted in a Type 4 message if the FASLAL
received prior to initiating the final stages of the approach is set to
"l l l l l l1l".

9.10.7.3.1.8.6 Changes in the values of FASLAL and FASVAL data transmitted in a
Type 4 message during the final stages of an approach shall be ignored
by the receiver.

9.10.7.3.1.8.7 The receiver shall use FAS data only if the FAS CRC for that data has

been verified.

9.10.7.3.1.8.8 The receiver shall only use messages for which the GBAS ID (in the

message block header) matches the GBAS ID in the header of the Type
4 message which contains the selected FAS data or the Type 2 message
which contains the selected RSDS.

9.10.7.3.1.8.9

9.r0.7.3.1.8.9.1

9.r0.7.3.1.8.9.2

Use of FAS data

The receiver shall use the Type 4 messages to determine the FAS for
precision approach.

The receiver shall use the Type 4 messages to determine the FAS for
approaches which are supported by GBAS approach service type
(GAST) A or B associated with a channel number between 20 001 and
39 999.
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9.10.7.3.1.8.9.3

9.10.7.3.1.8.10

The receiver shall use the FAS held within the on-board database for
approaches which are supported by GBAS approach service type
(GAST) A associated with a channel number between 40 000 and 99
999.

When the GBAS ground subsystem does not broadcast the Type 4
message and the selected FAS data are available to the receiver from an

airborne database, the receiver shall only use messages from the
intended GBAS ground subsystem.

Conditions for use of data to provide the GBAS positioning service

The receiver shall only use measurement blocks from Type I messages
that were received within the last 7.5 seconds.

The receiver shall only use measurement blocks from Type l0l
messages that were received within the last 5 seconds.

The receiver shall only use message data if a Type 2 message
containing additional data block I has been received and the RSDS
parameter in this block indicates that the GBAS positioning service is
provided.

The receiver shall only use messages for which the GBAS ID (in the

message block header) matches the GBAS ID in the header of the Type
2 message which contains the selected RSDS.

Integrity

9 .to;t .3

9.10.7 .3

9.10.7 .3

9.10.7 .3

1.9

1.9.1

1.9.2

1.9.3

9.10.7.3.1.9.4

9.r0.7.3.2

9.10;1.3.2.r Bounding of aircraft errors. For each satellite used in the navigation
solution, the receiver shall compute a oreceiver such that a normal
distribution with zero mean and a standard deviation equal to oreceiver
bounds the receiver contribution to the corrected pseudo-range error as

follows:

Where

f(x) = probability density function of the residual aircraft pseudo-range error and

9.10.7.3.2.2 Use of GBAS integrity parameters. The aircraft element shall compute and
apply the vertical, lateral and horizontal protection levels described in
9.10.5.5. If a Bij parameter is set to the bit pattern "1000 0000" indicating
that the measurement is not available, the aircraft element shall assume that
Bij has a value of zero. For any active service type, the aircraft element
shall verify that the computed vertical and lateral protection levels are no
largerr than the corresponding vertical and lateral alert limits defined in
9.10.5.6.
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9.10;t .3 .3

9.10.7.3.3.1 IOD check. The receiver shall only use satellites for which the IOD
broadcast by GBAS in the Type I or Type 101 message matches the core
satellite constellation IOD for the clock and ephemeris data used by the
receiver.

9.10.1 .3.3.2 CRC check. The receiver shall compute the ephemeris CRC for each core
satellite constellation's ranging source used in the position solution. The
computed CRC shall be validated against the ephemeris CRC broadcast in
the Type I or Type l0l messages prior to use in the position solution and
within one second of receiving a new broadcast CRC. The receiver shall
immediately cease using any satellite for which the computed and broadcast
CRC values fail to match.

9 .10.7 .3.3 .3 Ephemeris error position bounds

9.10.7.3.3.3.1 Ephemeris error position bounds for GBAS approach services. If the
ground subsystem provides additional data block 1 in the Type 2
messages, the aircraft element shall compute the ephemeris error position
bounds defined in 9.10.5.8.1 for each core satellite constellation's ranging
source used in the approach position solution within ls of receiving the
necessary broadcast parameters. The aircraft element shall verify that the
computed vertical and lateral ephemeris error position bounds (VEBj and
LEBj) are no larger than the corresponding vertical and lateral alert limits
defined in 9.10.5.6.

9.10.7.3.3.3.2 Ephemeris error position bound for the GBAS positioning service. The
aircraft element shall compute and apply the horizontal ephemeris error
position bound (HEBj) defined in 9.10.5.8.2 for each core satellite
constellation's ranging source used in the positioning service position
solution.

9 .10.7 .3 .4 Message loss

9.10.7.3.4.1 For airborne equipment operating with GAST C as the active service type.
the receiver shall provide an appropriate alert if no Type I message was
received during the last 3.5 seconds.

9.10.7.3.4.2 For airborne equipment operating with GAST A or B as the active service
type, the receiver shall provide an appropriate alert if no Type I and no
Type l0l message was received during the last 3.5 seconds.

9.10.7.3.4.3 For the airborne equipment operating with GAST D as the active service
type, the receiver shall provide an appropriate alert or modify the active
service type if any of the following conditions are met:

Use of satellite ephemeris data
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a) The computed position solution is less than 200 ft above the

LTP/FTP for

the selected approach and no Type 1 message was received during

the last 1.5 seconds.

b) The computed position solution is less than 200 ft above the
LTP/FTP for

the selected approach and no Type I I message was received

during the last 1.5 seconds.

c) The computed position solution is 200 ft or more above the
LTP/FTP of the selected approach and no Type I message was

received during the last 3.5 seconds.

d) The computed position solution is 200 ft or more above the
LTP/FTP of the selected approach and no Type I I message was

received during the last 3.5 seconds.

9.10.7.3.4.4 For the GBAS positioning service using Type I messages, the receiver shall
provide an appropriate alert if no Type I message was received during the

last 7.5 seconds.

9.10.7.3.4.5 For the GBAS positioning service using Type l0l messages, the receiver
shall provide an appropriate alert if no Type l0l message was received
during the last 5 seconds.

9.10.7.3.5 Airborne pseudo-range measurements

9.10.7.3.5.1 Carrier smoothing for airborne equipment. Airborne equipment shall utilize
the standard l00-second carrier smoothing of code phase measurements

defined in 9.10.5.1. During the first 100 seconds after filter start-up, the
value of q shall be either:

a) a constant equal to the sample interval divided by 100 seconds; or

b) a variable quantity defined by the sample interval divided by the time in seconds
since filter start-up.

9.10.7.3.5.2 Carrier smoothing of airborne equipment operating with GAST D as the

active service rype. Airborne equipment operating with GAST D as the

active service type, shall utilize 30-second carrier smoothing of code phase

measurements as defined in 9.10.5.1.

Note.- For equipment that supports GAST D, two set of smoothed pseudo-ranges are
used. The form of the smoothing filter given in section 9.10.5J is the same for both sets,

and only the time constant differs (i.e.100 seconds and 30 seconds). Guidance
concerning canier smoothin7 for GAST D is given in ANS Technical Standards Part II
Vol I, Attachment D, 7.1 9.3.
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9 .1o.7 .3 .6 Service type specific differential position solution requirements. The
airborne equlpment shall compute all position solutions in a manner that is
consistent with the protocols for application of the data (section
9.10.5.5.1.1.2).

Note.- The general Jorm for the weighting used in the dffirential position solution is
given in 9.10.5.5.1 .1 .2. Exactly which informationfrom the ground subsystem is used in
the dilferential position solution depends on the type of service (i.e. positiontng service
vs. approach service) and the active approach service type.The specific requirementsfor
each service type are defined in RTCA DO-253D. Additional information concerning the
normal processing oJ position information is given ir ANS Technical Standards Part II
Vol I Attachment D,7.19.

9.11 Resistance to interference

9.I I.I PERFORMANCE OBJECTIVES

Note l.- For unaugmented GPS and GLONASS receivers the resistance to interference
is measured with respect to the following performance parameters:

GPS GLONASS

Tracking error (l signru) 0.36 m 0.8 m

Note 2.- This tracking, error neither tncludes contributions due to signal propagation
such as multipath, tropospheric and ionospheric eflects nor ephemeris and GPS and
GLONASS satellite clock errors.

Note 3.- For SBAS receivers, the resistance to interference is measured with respect to
parameters specified in
9.9.8.2.1 and 9.9.8.4.1 .

Note 4.- For GBAS receivers, the resistance to interference is measured with respect to
parameters specified in
9.10.7.1 .l and 9.10.8.2.1 .

Note 5.- The signal levels specified in this section are defined at the antenna port
Assumed maximum aircraf't antenna gain in the lower hemisphere is -10 dBic.

Note 6.- The performance requirentents are to be met in the interference environments
defined below.This defined interference environment is relaxed during initial ocquisition
o/ GNSS signals when the receiver cannot take advantage of a steady-state navigation
solution to uid sig,nul acquisitiort.
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9.11.2 CONTINUOUS WAVE (CW) INTERFERENCE

9.11.2,1 GPS AND SBAS RECEIVERS

9.11.2.t.1 After steady-state navigation has been established, GPS and SBAS
receivers shall meet the performance objectives with CW interfering signals
present with a power level at the antenna port equal to the interference
thresholds specified in Table B-83 and shown in Figure B-15 and with a

desired signal level of-164 dBW at the antenna port.

9.1t.2.t.2 During initial acquisition of the GPS and SBAS signals prior to steady-state
navigation, the CPS and SBAS receivers shall meet the performance
objectives with interference thresholds 6 dB less than those specified in
Table B-83.

Table B-83. CW interference thresholds for GPS and SBAS receivers in steady state
navigation

Frequency range fi of
receivers
fheinterference sisnal

Interference thresholds for

in cfaorlr;-cf afe nqvi oqf inn

fi<13l5MHz
I 315 MHz < fi s I 500 MHz
dBw
I 500 MHz < fi s I 525 MHz
dBw
I 525 MHz< fi s I 565.42 MHz
150.5 dBw
I 565.42 MHz < fr < | 585 .42 MHz
I 585.42 MHz < fi < 1 610 MHz
60 dBw
I 610 MHz < fi < I 618 MHz
dBw*
I 618 MHz < fr <2 000 MHz
dBw*
l610MHz<fi< l626.5MHz
dBw**
I 626.5 MHz < fi < 2 000 MHz
dBw**
fi>2000MH2

-4.5 dBW
Linearly decreasing from -4.5 dBW to -38

Linearly decreasing from -38 dBW to -42

Linearly decreasing from 42 dBW to -

-150.5 dBw
Linearly increasing from -150.5 dBW to -

Linearly increasing from -60 dBW to -42

Linearly increasing from 42 dBW to -8.5

Linearly increasing from -60 dBW to -22

Linearly increasing from-22 dBW to -8.5

-8.5 dBW

* Applies to aircraft installations where there are no on-board satellite communications.
** Applies to aircraft installations where there is on-board satellite
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9.1 1.2.2 GLONASS RECEIVERS

9.1t.2.2.1 After steady-state navigation has been established, GLONASS receivers
(except those identified in 9.11.2.2.1 .l) shall meet the performance
objectives with CW interfering signals present with a power level at the
antenna port equal to the interference thresholds specified in Table B-84
and shown in Figure 8-16 and with adesired signal level of - 166.5 dBW
at the antenna port.

9.11.2.2.1.1 After steady-state navigation has been established, GLONASS receivers
used for all phases of flight (excluding those used for the precision
approach phase offlight) and put into operation before I January 2017 shall
meet the performance objectives with CW interfering signals present with a

power level at the antenna port 3 dB less than the interference thresholds
specified in Table B-84 and shown in Figure B-16 and with a desired signal
level of-166.5 dBW at the antenna port.

Table B-84. CW Interference thresholds for GLONASS receivers
in steady-state navigation

Frequency range fi of
recervers
theinterference signal

fi s I 315 MHz -4.5 dBW
I 315 MHz < fi s I 562.15625 MHz Linearly decreasing from -4.5
dBW to -42 dBW
I 562.15625 MHz < fi < I 583 .65625 lllHz Linearly decreasing from 42 dBW to -80
dBw
I 583.65625 MHz < fr < I 592.9525 MHz Linearly decreasing from -80 dBW to -149
dBw
I 592.9525 MHz < fi s I 609.36 MHz -149 dBW
I 609.36 MHz < fi < I 613.65625 MHz Linearly increasing from -149
dBW to -80 dBW
| 613 .65625 MHz < fi < I 635 . 15625 MHz Linearly increasing from -80 dBW to -42
dBw*
I 613.65625 MHz < fr s I 626.15625 MHz Linearly increasing from -80 dBW to -22
dBw**
I 635.15625 MHz < fi s 2 000 MHz Linearly increasing from -42 dBW
to -8.5 dBW*
| 626.15625 MHz < fi < 2 000 MHz Linearly increasing from -22 dBW
to -8.5 dBW++
fi > 2 000 MHz -8.5 dBW

* Applies to aircraft installations where there are no on-board satellite communications
** Applies to aircraft installations where there is on-board satellite communications.

Interference thresholds for

steady-state navigation
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9.1r.2.2.2 During initial acquisition of the GLONASS signals prior to steady-state
navigation, GLONASS receivers shall meet the performance objectives
with interference thresholds 6 dB less than those specified in Table B-84.

9.I1.3 BAND.LIMITEDNOISE-LIKEINTERFERENCE

9.I I.3.I GPS AND SBAS RECEIVERS

9.1 1.3.1.l After steady-state navigation has been established, GPS and SBAS
receivers shall meet the performance objectives with noise like interfering
signals present in the frequency range of I 575.42 MHz *.Bwil2 and with
power levels at the antenna port equal to the interference thresholds
specified in Table B-85 and shown in Figure B-17 and with the desired

signal level of-164 dBW at the antenna port.

Note.- Bwi is the equivalent noise bandwidth of the interference signal.

9.tt .3 .t .2 During initial acquisition of the GPS and SBAS signals prior to steady-
state navigation, GPS and SBAS receivers shall meet the performance
objectives with interference thresholds 6 dB less than those specified in
Table B-85.

9.1 1.3.2 GLONASS RECEIVERS

9 .t I .3 .2.1 After steady-state navigation has been established, GLONASS receivers
(except those identified in 9.11.3.2.1.1) shall meet the performance
objectives while receiving noise-like interfering signals in the frequency
band fk x.Bwil2, with power levels at the antenna port equal to the
interference thresholds specified in Table 8-86 and shown in Figure B-18
and with a desired signal level of -166.5 dBW at the antenna port.

9 .tt .3.2.1 After steady-state navigation has been established, GLONASS receivers
used for all phases of flight (excluding those used for the precision
approach phase of flight) and put into operation before I January 2017 shall
meet the performance objectives while receiving noise-like interfering
signals in the frequency band fk +,Bwil2, with power levels at the antenna
port 3 dB less than the interference thresholds specified in Table 8-86 and
shown in Figure B-18 and with a desired signal level of -166.5 dBW at the
antenna port.

Note.- Jk is the cente frequency of a GLONASS channel with ft = I 602 MHz + k x
0.5625 MHz and k = -7 to + 6 as defined in Table B- 16 and Bwi is the equivalent noise
bandwidth of the interference signal.

9_t1.3.2.2 During initial acquisition of the GLONASS signals prior to steady-state
navigation, the GLONASS receivers shall meet the performance objectives
with interference thresholds 6 dB less than those specified in Table 8-86.
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9.11.3.3 Pulsed interference. After steady-state navigation has been established, the
receiver shalI meet the performance objectives while receiving pulsed
interference signals with characteristics according to Table B-87 where the
interference threshold is defined at the antenna port.

9.11.3.4 SBAS and GBAS receivers shall not output misleading information in the
presence of interference including interference levels above those specified in
9.12.

Note.- Guidance material on this requirentent is given in ANS Technical Standards Part
II Vol I Anachment D. 10.6.

9.12 GNSS aircraft satellite receiver antenna

9.t2.t Antenna coverage. The GNSS antenna shall meet the performance requirements
for the reception of GNSS satellite signals from 0 to 360 degrees in azimuth and
from 0 to 90 degrees in elevation relative to the horizontal plane of an aircraft rn
level flight.

9.t2.2 Antenna gain. The minrmum antenna gain shall not be less than that shown in
Table B-88 for the specrfied elevation angle above the horizon. The maximum
antenna gain shall not exceed +4 dBic for elevation angles above 5 degrees.

9.12.3 Polarization. The GNSS antenna polarization shall be right-hand circular
(clockwise with respect to the direction of propagation).

9.12.3.1 The antenna axial ratio shall not exceed 3.0 dB as measured at boresight.

9.13 Cyclic redundancy check

Each CRC shall be calculated as the remainder, R(x), of the Modulo-2 division of two
binary polynomials as follows:

{W}*,,:e(*)*ffi
Where

k = the number of bits in the particular CRC;
M(x) = the informatron field, which consists of the data items to be protected by the
particular CRC represented as a polynomial;
G(x) = ths generator polynomial specified for the particular CRC;

Q(*) = the quotient of the division; and
R(x) = ths remainder of the division, contains the CRC:
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L

R(*) :Ir,*j : rlxk-l * rrxL-z * ... * rlxo
i=1

Table B-85. Interference threshold for band-limited noise-like interference
to GPS and SBAS receivers in steady-state navigation

* The interference threshold is not to exceed -140.5 dBWlvIHz in the frequency range I
575.42 *10 MHz.

Table 8-86. Interference threshold for band-limited noise-like interference
to GLONASS receivers in

Interference bandwidth
navigation

Interference threshold for receivers in steady-state

0 Hz < Bwi <70OHz -150.5 dBw
700 Hz < Bwi < 10 kHz Linearly increasing from -150.5 to -143.5 dBW

l0 kHz < Bwi < 100 kHz Linearly increasing from -143.5 to -140.5 dBw
l00kHzcBwislMHz -140.5 dBw
I MHz < Bwi s 20 MHz Linearly increasing from -140.5 to -127.5 dBW*

2OMHz < Bwi s 30 MHz Linearly increasing from -127 .5 to -121.l dBW*

3O MHz < Bwi < 4OMHz Linearly increasing from -l2l.l to -l 19.5 dBW*

40 MHz < Bwi -l19.5 dBw*

Interference bandwidth Interference threshold

-149 dBW0HzcBwi<lkHz
I kHz < Bwi < 10 kHz Linearly increasing from -149 to -143 dBW

-143 dBWl0 kHz < Bwi < 0.5 MHz
0.5 MHz < Bwi < l0 MHz Linearly increasing from -143 to -130 dBW

-130 dBwl0 MHz < Bwi
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Table B-87. Interference thresholds for pulsed interference

GPS and SBAS
GLONASS

Frequency range for in-band and near band | 57 5 .42 MHz t l0 MHz | 592.9525
MHz to I 609.36 MHz
Interference threshold (Pulse peak power) -20 dBW -20 dBW
for in-band and near-band interference
Interference threshold (Pulse peak power) 0dBw 0 dB
Outside the in-band and near-band frequency ranges
(out-of-band interference)
Pulse width <125 ps <250 ps

Pulse duty cycle <l%o slTo
Interference signal bandwidth for in-band >l MHz >500
kHz
and near-band interference

Note I.- The interference signal is additive white Gaussian noise centred around the
carrier frequency and with bandwidth and pulse characteristics specified in the table.
Note 2.- In-band, near-band and out-of-band interference refers to the centre frequency
of the interference signal.

Figure B-1. C/A code timing relationships

t
I

I

I X1 Epodr 26 bps

e{c.

Gdd Code Epochs
m0

Data (50 cps)

20 ms

1V23 1W3

\0

I O2ltil GoH C de (1 023 lGp6)

1,

1 0:23 I t/3
-€
l8

1ms

ls /
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SIJBFRAT4E I

SUBFRAT'E 2

SUBFRAilE 3

SUBFRAME 1

(25 pages)

SUBFRAME 5

(25 pages)

Figure B-2. Frame structure

Figure B-3. TLM word format

1 2 3 1 5 6 7 I I t0 lt t2 13 14 15 16 t7 18 19 20 21 222121 2526 21 28 29 30

Figure B-4. HOW format

TLU HOtt/ GPS reeft rrumbs, SV mracl and lpa0r

TLII HOI ' Shemeils parflrEbrs

TLM HOtl' Eptcmeds paramtrs

ILM HOtV Ahanac and hedfi tur sddltes 2F.I2, sp€oal messqes,

saEli& con&uralion, lb$, bncpaEffi and UTC

Tt[, H0, A[nanac and ltalfi ltr satelites l-2f and aftnanac relpnme

tine and GPS vedr numDer

PEffiIe

0001011
2315678

,|

1

Rsefled

USB LS8

9 r0 11 12 13 11 15 16 17 18 19 20 21 nn 24

Paily

frfr27284il

TOW count me$soge

+----- ------+
Subfrme

ID

Panty

+ --- -- I
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End,sbildue* -l -1.5 r

103 192 {03 196 0't 23

Dechd eqirJent ol add T0iV mnb

1567

Sdfrme€pods 6r e

lm799 0
,| I

Decid eqivdedolHOWmemg T0lY ounl

ttilts
I T0 * h 4 W doq lE HtW d e$ sttl flg cflti6 a hrfrifd T(t fitt-
2 llP- llcll b AE wn n dh ead? cf.,E
.l r}efiilrrss{s lo|,ycarlmi$drE rTm& d h frd IW eil liE sEl d 0n rd ilt,'rrE
l. I0coidrlturfEinflrmssage IUI eilb lE frE @,/lilhe gl d lD,fr cfra,/r., nryl qfur.
5. ilE tusafr.rD nrt grolun.Ery*ylfp Edln d Nt s,dt

Figure B-5. Time line relationship of HOW

DRrcTloN OF DATAFLO'V FROU slr' ttsS FtRsT __j
tso Bns- 3 4rc0{o6

wofio r+F-urono z+lr-woco s+F wono c--*f-wonO S--rl
T,IBFRATIE PAGE

NO NO,

lvA

NA

c,AGPOI{12_2BIT8
URAINI)EX-4BITS
6V |€ATH -6 BrA

L2PDATAFI.IG_1BIT

2 MSA!-|ooC - 10 BITS TOTAL

DRECT|Oi{ OF DATAFLONY FROAr sv_ 1]6A RRAr
150 BnS 

- 

3
woRD e-+|.-woRD 7--+-woRD 8+1.- ri,oRo s+1.- woRD

181 197 211

8l-SBs- IOOC - 10 BITS TOTAL

.. RE6ERTr'ED

PS6PARITYBIIE
t = 2 TIOiTI{FMMATrcN EEARING 8IT6 UAEO FOR PAFUTY COiPt'TANOfi
C = Tl M RITF ,3 AND ,. yvl{hH ARF RFAFQVFD

Figure 8-6. Data format (l of I l)

ILU

22 B|TS
P

HOW

22 BITE
P

Yt?{

to
BITS

P 23 ilTA-' P 24 B|TS'- P

T56

8 BIT€
P

ho
16 BITS

P24 B|TS-' P 16
atTa*

.a
I BITS

8fl
,I8 BITS

P
.m

22 arTS
P
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SI',BFRAME PAGENO NO

W0RD t+lF',lORD 2-ltswoRD s+lF ltoRD ++lenonosl

M9 - 32 8tI8 TOTAI-

---l

DRECTffil Of DATA FLOW FROII $/
1508nS_SSECOtttDS

OiRECIIOT{ OF DATA ROVY FROil W
t50 ErTs- 3 sEc0t{08

IISB TIRST

IISE FIRST

---l

2

t

N/A

6-+F- r,oRD 7+rYoRD B-+f - vrono e-+l+wonorcl

6-uans
FTt ITTIERVAL FLAG _ I BIT

AOOO- 5 8rT6

mt8r

NrA

e - 32 BITS

P=6PAR|TY8lT6

t = 2 t.|olllNFof,ili{Iol{ BEAR T{G BIE t EED FOR PARTY @IPUTAIION

C = Tllt BIIS 23 /{,lD 24 WllCtlARE REEES/ED

Figure 8-6. Data format (2 of I l)

lLM

22 BITS
P

HOW

22 BITS
P

t00E
8

EtTS 18 BITS

%
P

6n

16 8nS
8

HTS
P 21 BITS P

16 8ITS

Crc
I

EtTS

l 2{ B|TS P
16 BTS

cu3
I

HTS
P 21 BITS P

I6 ETTS

te
P
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Itl(r,NO.

NA

SUEFRAITE PAGE

NA

URECT}O{ Of DATAE-dV FROI{ SV IBB FIRST

150 Bns- 3 sEooNDS

woRD I-ltswORD 2-+i.-woRD 3+|.-nono e+lF.nronot-l
1?1 137

MSEI LSBr MS83

[t0 - 32 EITS TOTAI- ig - 32 BITS TOTALJ

--1

--:l
e-r[<-wono 7+I.-woRD s----{+-YtoRD s+]+-woRD m-l

otREcnoil oF DATAFLOryY FROM 8V- I|SB RRST

t50 B]TS 3 SECO|'|0S

2',11 211 279

(!)_32 BITS TOTAL

Figure 8-6. Data format (3 of I l)

15t '181

3

I ig-0 BIISTOT,4L

P=6PARITYBITE

t = 2 tlOlNFORIttATlOt{ BEARIi{G BITS l,rSED FOR PARTY COfirPUr THOi{

C = IIM ETB 23 AND 2{ W}llCH ARE RESER^/ED

ILM

22 BITS
P

HOW

22 BITS
P

16 BITS

% I
ET8

P 2,1 BITS P
16 BITS

9s
8

BI]S
P

2/t E|TE P
16 BITS

cE I
BITS

P 24 BITS P
24 BITS

o
P I

BITT

IDOT
11

8tT8
P
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IIRECT|OIi Of OATAFLOW FROt/t 8V- t|88 FIRST

150 BT8-3 GEOdtf,)s

8t/

-
'ivmr-+-u,oRD2 tlof{)3_{+-lW1-+-ril,m s-+l

at 80 8t
SJEFRATf,
ito.

5

PAOE
t{o.

t
ITRt,,

2l

DAIAD_2
sv to -6

DIREOIIOI{ OF [}ATA lrrs8 FIRST

t50 BI[S- 3 SEC{XDS
s-+{+.wono e 

-r[+wono 
z+[+-rcno woRDs+woRDro+l

T}Rt'

ap -'ll BIIE
a6 - ll BIISTOIAL

P= I PARTY E|TS

t = 2 tOlltlFOFil,s-IION BEARlltlG BITS IJSED Fm PAHTY COlpUrATKI.l
C = Ttll trTE 23 AM) 2'l W{CH ARE RESERI/EO

r\b6.- Pegas 2, 3. 1, 5, 7, 8, I dt I 0 d aff'tr/fn I tuve ta ,,,?t M tc !!oas I Aru,0h 21 of sil?ryrD 5.

Figure B-6. Data format (4 of 11)

__:

5 u

3

P
18 BTTE

6t
P P

tLil
22 BITS

HOYV

22 BIXE
P

e

18 BITS
P

BBlTt

t"
18 BITS

o
,Bffi

2{ B|TS

/T P
2{ B{T8

rh
P

(D

2{ Efrs
P

24 8118

rb
P P
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SIJBfRAITE PAGE
NO. iro.

woRo +-vrcno z+l+wono sl+- woRol.+|.-!YoRDsl

DATAID _2 BIIS
sv (PAGE) rD - 6 BrrS

9t3t

DIRECTIoi.I OF OATA FLOW FROi' SV IISB RRST

150 BITS 3 SECONB

DIRECTON OF DATA FLOW FRC)|U SV 

- 

MS8 FTRST

--1

-
rlroRD 1o--l

5 25

150 B|TS 

- 

3
rJvoRD a-+-wgRD 7 -+-woRD

t5t

5

.. RESERVED FOR SYSTEM USE

-. RESERVED

P=6PARITYHTS
t = 2 Nof{iNFmi/mTON BEARll,lG BITS USEO FOR PARITY COMPT TATION

C = TLM BITS 23 AND ztl wHlctl ARE RESERI/ED

Figure 8-6. Data format (5 of I l)

't81

TVORD

3 BTTS *'

271

25

Ar' HEATH
A RiTS'SV

SV HEA]H
R RtTsrfl/h,a ltn'e

P
;v
I

SV, SV
t

sv
t

P
tv
4

SV
A

sv lsl,
7l e

P
TLTI

22 E|TS
P

HOW

22 B|TS
P

P P P P 19 BITS- P
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oIIE€IIOH OF OATA FLOtr FRo|l 6V- ]l98 R6r
,t50 BlTs- 3 88O0il!S

GI,BRAIE HGE
,'P. tlo.

t,8, r'1,

t8 &21

1,8, 11.

t8&21

" RE8ER1'ED FOR SY€lEtI I,EE
." RESERVED

P=6 PARTY BTB
t =2 itoilnFOflilAn0l EAIUT{G BIIE t SED Ffi mRrY OOiIPUIATIO{
C = Itll BlI823Ar0 21 WlilCtlARE RESERVED

Figure 8-6. Data format (6 of I l)

_-:
u$mD 1+-tm 2-i{-rrcRD 3--*+.- *oRol+|.-wws-.1

DATAD_2 ilIE
6y (PAGE) rD -0 BrrE

txREcTu\t oF DATA FLOW moi' 8V- MsB FTRST

tilBtTs-SsEOOIE

31

1

$,m 6...1.-ltw 7+rcRD s+ trcRD $+tt'm to-.1

211

I

ILt
2 BITS

P
HOIY

22 BITS
P t6

BTTA''
P 2'l trTEi- P 2t BttE- P

E.'
BITE

P 2a $r8'- P 2aBrsr- P t8
UIS*

P 22BrA" P24 E|TS*
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D|RECT|o|{ OF DATA FLoW FROil W- MsB RR6T

i50 Bfis- 3sEcotos

6U8FRAIf, PAGE

12. 19.20.
o.,fr&21

n,19,m,
n,ne 21

. RESEFIVED FOR SiSTETI IJSE
." RESEFIVED

P=6 mRWBtTS
t =2 tlOt+lNFORttATlOl,l BEARII{G BITS USEO Fm PARfTY COiPt TATIO{

C = ILM BITS 23 Al{D 2a WHICH ARE RESERIED

Figure 8-6. Data format (7 of I l)

r{+nonoz-l-wonol+l- rvonor.+N-wonosl

DATA IO _2 8IT6

$/ (PAGE) rO -6

DIRECTPI{ OF OATA E-olY FROT' 61/ i/68 FlRSt

!50 B1TS 3SE@lrES
e+hoRo 7+l-wono c+f+ troRD s--+F-hoRD '0J

't8t

--1

211

ILM

?2 EITS
P

HOIY

22 BiTS
P t0

BtT6"'
P 2a BITS- P 24 81TS*. P

24 B[TS-' P 24 8tT8"' P 2r EITS'" P
BITS

t0gTs" P z Bt'ts' P



Kenya Subsidiary lz gislation, 20 I 8 2357

- RESERI/$FOREYE]ETT($T

P= 6FAHIY BI5
t = 2 llOttlif,ORtlAlloti BEARI{G rTS $ED Fm P$[TY COIPUTAIU{
C= It"H8{TEAAM) 2tl ludC}IARE ffiSER{ED

TMECIICII OF OATAH-OIY FROII $/
Ifl}8IIB 3SFCO'IE

Figure 8-6. Data format (8 of 11)

IGsFHST ---l

A.BMAIC
to.

PAGE
Ir0.

'rJoRo 
r-t+-It oRD2-+lF-Yrw 3-{F Wmr{e-u-onos{

OATAIO _2 BITS

sv(mGE)rD-8Hr8

tnEcIIoN 0F 0ATA ftow mil SV- ilSB Fn6r
t50BtT8-388C0$IIS

$w F{ts-vm r-rl+-tm e---+lr-wmD +nuD ro-;l

A0 -32 BII8 TOIAI-

tS& L88s
*t6r

r073t

1 r0

1 t8

a3

0
TIE

P
it]vy

ZBIIS
P

qo lq
#"1,k

,
e2

I
rT8

o0

8
BTT$

,
Ft

E
8116

h
I

BIIB
P

"Itll

22 8rI8

P3

I
ilTE

8
rr8

DI
I

ms

v$t
8

ms2ii gIE
4.1

P
2{STS

P I
BI8

k
8

TIE

ats
I

cls

ulsf
I

BI8
t{

HIS-
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of, D|ATA FLOVY FROU SV- ttSE FTRST

i 50 BrIs 

- 

3 SEcofioS

91

Of OATA FTOW FROM SY IISB FIRST

150 BITS 3 SECONOS

2t1

SV HEATH _6 EITS

1 BITB "

--
v1,og0 t-+].-itmRD z------rl+--woRD 3---rF-woRD4--+-woRD 5_J

SUBTRAI'E PAGE
hto. No.

1 25

25

31

OATAID-2BTS

w (PACtr)tD-8 BrrS

-Y'toRD 6+l+-noFo 7+I.-woRD 8-+- 1roRD e+F-wwD ,o-;l

D7

4

2BnS-

. MSERVEDFORSYSIEM IJSE

P=6PARITYBTS

I = 2 tlON-lNFoRlttATION BEARIi'IG E|TS IrSED FOR PARITY GOHPUTATION

C = Il-ttl BITS 23 A!0 21 lrHfi ARE Rf,SERlrtD

Figure 8-6. Data format (9 of 1l)

A-SPOOF t
5V CONFTG

A€POOF T
SV CNNFIG

A-SPOOF t
sv eoNFrG

P
tvlsvlwlstrl:lrlr

P

1ril'YrurYr;r
P

svlsvlSvlSvl svl sv
r!l r2l r!l lrl !51 16

P
TLl,

22 B|TS
P

HOW

22 B|TS

ASPOOF E
sv anNFlG

A-SPOOF &
sv anNEtG

A-SpOOF t
IV CNFIG

SV HEALTH
6 B|TS/SV

SV HEALIH
5 B|TSTSV

Pillwls{twlsal$
rrl rl rel:ol:rl ::

P si sM svl svl $
:{ zrl alal zr

sl
2t

P UV
25

P sv
26

sv
27

sv
2A

sv
2S

? sv
30

sv
31

sv
32
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NO.t{o.

r3

gtrRAlf PA€E

WORD

0AIAIO-2 $TA
8V (FAG-E) r0 -8 B|TB

7t 91 t2t

AI'AT.AEILITY IN)ICATM -2 BITE

15t

oFo rArL&y FRot sv-tB8nRST
i50 8nE- 3 8E@t{)8

YYmD s +IroRD 7-+wm 0-+ rcRD &-+ woRDr0+l

'tot 211 241 271

1

P=8mflWBlI8
t =2l{Ol&r{FORl*mO{ EARIIG BIIB tBEo FOR P{RITV COTPUTAIIoi{
C = ILU BIIa SAtlO 2a WTICHARE RESBIrED

Figure B-6. Data format (10 of I l)

TLII

22 BTTS
P

HOW

22 B|TA
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,

I

a

I
a
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+
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a
a
t
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B
I

I
a

t

I
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I
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a

It
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,I
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t
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t
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?
I

t

I

a
I
a

I
P

x

t
I

!
I
a
a

I

P
!t
II

I
I
I
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