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THE CIVIL AVIATION ACT, 2013
(No.21 0f2013)

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 CIVIL AVIATION (RADIO NAVIGATION AIDS) REGULATIONS, 2018
PART I—PRELIMINARY PROVISIONS

1. These Regulations may be cited as the Civil Aviation (Radio
Navigation Aids) Regulations 2018.

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 of the antenna itself;

Citation.

Interpretation.

No. 21 of 2013.
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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;

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

“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;
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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 tolerances 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 account;

“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 localizer course line intersects the ILS glide path at a
height of 60 metres (200 feet) 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 (GNSS)” means a worldwide
position and time determination system that includes one or more
satellite constellations, arrcraft 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 receives augmentation
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
containing the course line and limited by the loci of points nearest to
the course line at which the DDM 1s 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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“ILS glide path” means that locus of points in the vertical plane
containing the runway centre line at which the DDM is zero, which, of
all such 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;

EEEH)

“ILS 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 1,050 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 (3,000 feet) from the threshold in
the direction of the localizer;

“ILS Point “E™” means a point 4 metres (12 feet) above the
runway centre line and 600 meters (2,000 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 LF/MF NDB used as an aid to final approach;



2080 Kenya Subsidiary Legislation, 2018

“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
conditions;

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

“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 following 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 service volume” means a part of the facility coverage
where the facility provides a particular service in accordance with
relevant SARPs and within which the facility is afforded frequency
protection;

“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 differentiating between W, X,
Y and Z modes and between FA and [A modes;
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“pulse decay time” means the time as measured between the 90
and 10 per cent amplitude points on the trailing edge of the pulse
envelope;

“pulse duration” means the time interval between the 50 per cent
amplitude point on leading and trailing edges of the pulse envelope;

“pulse rise time” means the time as measured between the 10 and
90 per cent amplitude points on the leading edge of the pulse envelope;

“radio navigation service” means a service providing guidance
information or position data for the efficient and safe operation of
aircraft supported by one or more radio navigation aids;

“rated coverage” means the area surrounding an NDB within
which the 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 alert;

“track” means the condition which exists when the DME
interrogator has locked onto replies in response to its own
interrogations, and is continuously providing a distance measurement;

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

“transmission rate” means the average number of pulse pairs
transmitted from the transponder per second;
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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 O 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.(1) 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. (1) 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 for
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. (1) The Air Navigation Service Provider shall — Siting and
Installation.

(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 (1) 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 —

(1) is commissioned to meet the specifications for that
facility; and
(i1)  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. (1) 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 —

Commissioning
Requirement.

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

(b) reliability;

(c) accuracy;

(d) integrity;

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

(f)  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 of each service; and

(b)  known performance of each 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.

11. 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 service;

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

(¢) 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;

(¢) keep records under the control of the relevant key
personnel;

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

Interface
arrangement 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 of these Regulations;
(b) the air navigation service provider’s operations manual;

(¢) ICAO Annex 10 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 of equipment spares;

(j) 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 of the documentation can be readily determined;

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

(c) only current versions of documents 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)
(b)

(©)

(d)
(e)
(H

the performance and maintenance history of each facility;
the establishment of the periodic test programmes for each
facility;

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

each reported or detected facility malfunction;

each internal quality assurance review; and

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

13. (1) 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)

(b)

(c)

(e)

3)

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

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;

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;

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

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

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)

(b)

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

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
Manual.
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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.(1) An ANSP shall establish a procedure for the periodic {’Cindi?
inspegtion and testing O.f the comm.un.ic.ation, navigation. and -P;Sf:ie:g'?lﬁa
surveillance systems to verify that each facility meets the applicable  Security of CNS

facilities.

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 of the 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 —

(@)

(b)

©

(d)

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

within a reasonable time before commencing the
transmission, the users have been informed about the
transmission;

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

the transmission contains information identifying it as a test
transmission.

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

(a)

(b)

(©)

(d)

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

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;

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

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 monitoring, 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 —

Flight Inspection
and facility check
after accident or
incident

Radio frequency
management and
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(a) establish a procedure for the management and protection of i“'“f[e_fc“cc
aeronautical radio spectrum; IRSE:

(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 occurrences 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 — CNS Personnel
Training and

Other

(a) ensure that it employs sufficient number of personnel who :
Requirements.

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;

(f) 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 (1) (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 certified in accordance with requirements
of the Civil Aviation Regulations.

18.(1) 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 (1) 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. (1) The Air Navigation Service Provider shall develop
proficiency certification program for ATSEP engaged in the
installation, training, operations and maintenance of Communication,
Navigation 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. (1) 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 —

(1) information on the operational details of any new facility
for publication in the Aeronautical Information
Publication; and

(i1) 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 wupgrading communication, navigation and
surveillance systems; and

(b) specify an acceptable recovery time for each service.
PART III—RADIO NAVIGATION AIDS

21.(1) 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);
(¢) the VHF omnidirectional radio range (VOR);
(d) the non-directional radio beacon (NDB);

(e) the distance measuring equipment (DME); and
(f) the en-route VHF marker beacon.

(2) Differences in radio navigation aids specified in sub-
regulation (1) 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. (1) A precision approach radar (PAR) system, where installed
and operated as a radio navigation aid together with equipment for two-

Safety case,
notification of
Aeronautical
facility status and
interruption to
service.

Standard radio
navigation aids.

Precision
Approach radar.
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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. (1)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. (1) 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 ILS, the air traffic
services unit involved in the control of aircraft on the final
approach shall —

(1) 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 1 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 —

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

(i1) receive information on the operational status of the ILS,
with a delay commensurate with the requirements of the
operational environment.

31.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
of safety within the performance requirements in these
and consistent with the category of operational

level
Regulations
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.(1) 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
MH?z specifications shall be as provided in the Eighth Schedule.

PART IV — REQUIREMENTS FOR THE GLOBAL NAVIGATION SATELLITE
SYSTEM (GNSS)

45. (1) 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
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 LF/MF 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—

requirements

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

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

(c)plus or minus 6 kHz or more away and 55 dB stronger.
PART V —EXEMPTIONS

52.(1) 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;

(¢) 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;

(f) 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;

(j) 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. (1) 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.

PART VI— GENERAL 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—

Evaluation of the
request.
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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

(i) have their licence, certificate, rating, 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 conviction; or

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

56.(1) 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 certificate.

(2) When applying under paragraph (1), the holder of a
certificate shall submit to the Authority —

(a) the original certificate 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 certificate, with
the appropriate changes applied for, if any, the originals specified under
paragraph (2) and, where necessary, retain copies thereof.

57. (1) 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 (1) 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. (1) 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
certificate are correct, and that the applicant is qualified to hold that
certificate.

60. (1) 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. (1) The Authority shall notify in writing the fees to be
charged in connection with the issue, renewal or variation of any
certificate, test, inspection or investigation 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 (1), 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. (1) 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 (1) 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.
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1.1.2.1

1:1:3:1

1.1.3.2

1:4:3:3

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 15 m? echoing area or larger, which is within a space bounded by a 20-degree
azimuth sector and a 7-degree elevation sector, to a distance of at least 16.7 km
(9 NM) from its respective antenna.

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

a)  private flyer (single-engined): 5 to 10 m?;
b)  small twin-engined aircraft: from 15 m?;

¢)  medium twin-engined aircraft: from 25 m?;
d) four-engined aircraft: from 50 to 100 m>.
Siting

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 1 degree to plus 6
degrees in elevation.

Accuracy

Azimuth accuracy - Azimuth 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 10 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



2102

Kenya Subsidiary Legislation, 2018

1.2
1.2.1
1.2.1.1

1:2.1.2

122
1.2.2.1

1.2.2.2

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 of detecting aircraft of 15 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
15 m? echoing area to at least the volume obtained by amending 1.2.1.1 with the
following substitutions:

(1) for 1.5 degrees, read 0.5 degree;

(2) for 37 km (20 NM), read 46.3 km (25 NM);

(3) for 2400 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 1 per cent
of the true distance from the point of observation or 230 m (750 ft), whichever is
the greater.

1.2.2.2.1The error in distance indication shall not exceed 3 per cent of the true distance

123

124

or 150 m (500 ft), whichever is the greater.

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.

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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SECOND SCHEDULE

SPECIFICATIONS FOR VHF LOCALIZER AND ASSOCIATED MONITOR- (REGULATIONS 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 from some
suitably located navigation aid, together with appropriate procedures, will generally be
required to ensure that any misleading guidance information outside the sector is not
operationally significant.

2.1
2.1.1

22

221

222

2:2:2.1

2.2.2.2

General

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.

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.

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.

Radio frequency

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 14 kHz.

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.

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

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.



2104 Kenya Subsidiary Legislation, 2018

223 For Facility Performance Category III localizers, 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.

23 Coverage

2.3.1  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) within plus or minus 10 degrees from the front course line;
(2) 31.5km (17 NM) between 10 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 10-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 (1 000 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.

232 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 and 2.3.2.3, the field strength shall be not less than 40 microvolts
per metre (minus 114 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 Facility 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 dBW/m2) at a distance of 18.5 km (10 NM)
increasing to not less than 200 g v per metre (minus 100 dBW/m2) at a height of
15 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 uv per metre (minus 100 dBW/m?2) at 6 m (20 ft)
above the horizontal plane containing the threshold. From this point to a further
point 4 m (12 ft) above the runway centre line, and 300 m (1 000 ft) from the
threshold in the direction of the localizer, and thereafter at a height of 4 m (12 ft)
along the length of the runway in the direction of the localizer, the field strength
shall be not less than 100 pv per metre (minus 106 dBW/m?2).
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2.3.3  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 at 2.3.1 shall not be less than 10 dB.

234  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.

24 Course structure

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

Zone Amplitude (DDM)
(95% probability)
Outer limit of coverage to ILS Point 0.031
“AP
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

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

Zone Amplitude (DDM)
(95% probability)

Outer limit of coverage to ILS Point 0.031

“pA”

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 0.005

datum

And for Category III only:

Zone Amplitude (DDM)
(95% 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”




Kenya Subsidiary Legislation, 2018

2.5.3.1

2532

2533

2534

Carrier modulation

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 150 Hz within plus or minus 2.5
per cent;

b) the modulating tones shall be 90 Hz and 150 Hz within plus or minus 1.5
per cent for Facility Performance Category II installations;

¢) the modulating tones shall be 90 Hz and 150 Hz within plus or minus 1 per
cent for Facility Performance Category III installations;

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

e) the total harmonic content of the 150 Hz tone shall not exceed 10 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: 10 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: 10 degrees, of phase 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:
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2.53.5

2.5.3.6

1) for Categories I and II localizers: 20 degrees; and
2) for Category III localizers: 10 degrees, of phase relative to 150 Hz.

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 in 2.5.3 .4

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.

2.5.3.6.1 For equipment first installed after 1 January 2000, the sum of the modulation

2.53.7

2.6
2.6.1

262

240
271

272

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.

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.

Course alignment accuracy

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

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.

Displacement sensitivity

The nominal displacement sensitivity within the half course sector shall be the
equivalent of 0.00145 DDM/m (0.00044 DDM/ft) 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 1 and 2, the nominal displacement sensitivity shall be achieved at
the ILS Point “B”. The maximum course sector angle shall not exceed six
degrees.

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

a) 17 per cent of the nominal value for Facility Performance Categories I and
II;
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273

274

2.8
2.8.1

282

283
2.8.3.1

284

2.8.4.1

29
29.1

292

b) 10 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 10 degrees, the DDM shall not be less than 0.180. From plus or
minus 10 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 of peak modulation depth due to the radiotelephone
communications to that due to the identification signal is approximately 9:1;

b) the sum of modulation components due to use of the radiotelephone
channel, navigation signals and identification 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 1 000 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 runway 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
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293

294

2.10
2.10.1

2.10.2

2.10.2.1

2.11
2:11:1

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 9:1 (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 identification 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 10 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 of the runway.

The offset localizer system shall be located and adjusted in accordance with the
offset ILS provisions of the ICAO Procedures for Air Navigation Services —
Aircraft Operations (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
2.11.3.1, if any of the conditions stated in 2.11.2 persist:

a) radiation to cease; and

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



2110

Kenya Subsidiary Legislation, 2018

2.11.2

2.11.2.1

2.11.2.2

2:11.2.2.

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;

¢) 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;

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

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
10 degrees from the front course line, except in the back course sector, decreases
below 0.155.

The total period of radiation, including period(s) of zero radiation, outside the
performance limits specified in a), b), ¢), 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.

1 The total period referred to under 2.11.3 shall not exceed under any
circumstances: 10 seconds for Category I localizers; 5 seconds for Category
II localizers; 2 seconds for Category III localizers.

2.11.2.22  The total period under 2.11.2.2.1 shall be reduced so as not to exceed two

2.11.23

seconds for Category II localizers and one second for Category III
localizers.

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 1 ~
%5 x 10 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 1 ~
9% 1077 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) 177 x 10 in any period of 15 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) 1 2 x 107 in any period of 30 seconds for Facility
Performance Category III localizers intended to be used for the full range of Category 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 17* x 107
in any period of 15 seconds for Facility Performance Category I localizers
(equivalent to 1 000 hours mean time between outages).

213 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:

.’.'\“1 + .\‘: +/2=50
for VHF FM sound broadcasting signals in the range 107.7 — 108.0 MHz

and

f Af )
24-20 logi <0

2N, +N, +3
: 0.4)

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. N1 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 in 2.13.2 Af
= 108.1 — f1, where fl is the frequency of N1, the VHF FM sound broadcasting signal
closer to 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

Maximum level of umvanted

Frequency signal at receiver input
(MHz) (dBm)

88-102 +15

104 +10

106 +5

107.9 -10
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THIRD SCHEDULE

3.0 VHF marker beacons ( regulation 29 and 37)

3.1
a)

b)

c)

3.2
321

3.3
33.1

332

34
34.1

General

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.

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.

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

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
40.

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.

Radio frequency

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

Coverage

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

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).

Modulation
The modulation frequencies shall be as follows:
a) inner marker: 3 000 Hz;

b) middle marker: 1 300 Hz;
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¢) outer marker: 400 Hz.

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

the total
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3.6.2.1

3:6.2.2

363

3:6.3.1

harmonic content of each of the frequencies shall not exceed 15 per cent.

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

ldentification

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;

¢) outer marker: 2 dashes per second continuously. These keying rates shall be
maintained to within plus or minus 15 per cent.

Siting

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

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

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.

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

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.

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.

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

The outer marker shall be located 7.2 km (3.9 NM) from the threshold except
that, where for topographical or operational reasons this distance is not
practicable, the outer marker may be located between 6.5 and 11.1 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 ft) 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 Information 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 warning to a control point if either of the
following conditions arise:

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

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 continuity of service for an ILS ground equipment
Introduction

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 1 x 107", This criterion is frequently referred to as the global
risk factor.
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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.

Achievement and retention of 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 a hazard
if it results in a gross error.

Clearly not all integrity failures are hazardous in all phases of the 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 erroneous radiation,
P.
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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.

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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383
3.83.1

a)

b)

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 of 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 equipment 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, 1 600 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
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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 following 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 in 2.11.2.3 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
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approach. Therefore the standby supply should have adequate capacity to sustain
service for at least two minutes.

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.

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.

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 Level 2.

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 will 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 occurrences 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
4.8.54. 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.

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 of reducing 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;

¢) 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
4.1.1

4.1.2.1

42
42.1

422
423

General

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 of 3
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 0 from 0 for Facility Performance Categories I and II — ILS glide
paths;

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

The downward extended straight portion of the ILS glide path shall pass through
the ILS reference datum at a height ensuring safe guidance over obstructions and
also safe and efficient use of the 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 of plus 3 m (10 ft) is permitted.

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

The height of the ILS reference datum for Facility Performance Category 1 —
ILS used on short precision approach runway codes 1 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 328.6 MHz 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 10 Hz.
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43 Coverage

43.1  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.

432  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 dBW/m2). For Facility Performance Category I glide paths,
this field strength shall be provided down to a height of 30 m (100 ft) above the
horizontal plane containing the threshold. For Facility Performance Categories Il
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.

44 ILS glide path structure

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

Zone Amplitude (DDM) (95% probability)

Outer limit of coverage
to ILS Point “C” 0.035

442  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% probability)

Outer limit of coverage

to ILS Point “A” 0.035

ILS Point “A” to 0.035 at ILS Point “A”

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

ILS Point “B” to the ILS reference datum 0.023

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 42.5
per cent.

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

d) the total harmonic content of the 90 Hz tone shall not exceed 10 per cent:
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 150 Hz tone shall not exceed 10 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 1 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 IT — ILS glide paths: 20 degrees;

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

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 IT — ILS glide paths: 20 degrees;

b) for Category III — ILS glide paths: 10 degrees, of phase 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:

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

2) for Category III — ILS glide paths: 10 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 3.5.3.1

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.
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Displacement sensitivity

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 6 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 0. The upper and lower sectors shall be as symmetrical as practicable
within the limits specified in 3.6.1.

For Facility Performance Category II — ILS 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) 0.12 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 6 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 6 above the horizontal. However, if it is achieved at an angle
above 0.45 0, the DDM value shall not be less than 0.22 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 O 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 3.5;
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¢) 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

il) 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;

f) lowering of the line beneath the ILS glide path at which a DDM of 0.0875
is realized to less than 0.7475 O from horizontal;

g) areduction 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 1 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°
%5%10~ in 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~
"% 107 in any one landing for Facility Performance Category I glide paths.
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483

484

49
49.1

The probability of not losing the radiated guidance signal shall be greater than 1~
2x107 in any period of 15 seconds for Facility Performance Categories II and III
glide paths (equivalent to 2 000 hours mean time between outages).

The probability of not losing the radiated guidance signal shall exceed 1-* x 10
in any period of 15 seconds for Facility Performance Category I glide paths
(equivalent to 1 000 hours mean time between outages).

Localizer and glide path frequency 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 ocalizer Glide parh
(ANLFT=) (NLTT=)
1081 334.7
108.15 334.55
108.3 334.1
108.35 333.95
108.5 329.9
108.55 329.75
108.7 330.5
108.75 330.35
108.9 329.3
108.95 329.15
109.1 331.4
109.15 331.25
109.3 332.0
109.35 331.85
109.5 332.6
1095.55 332.45
109.7 3332
109.75 333.05
109.9 333.8
109.95 333.65
110.1 334.4
1.10-15 334.25
110.3 335.0
110.35 334.85
110.5 329.6
110.55 329.45
110.7 330.2
110.75 330.05
110.9 330.8
110.95 330.65
111.1 331.F
111.15 33.1:55
111.3 332.3
1L11.35 332.15
111.5 332:9
111.55 S22, 7D
111.7 333:5
111.75 333.35
111.9 331:.1
111.95 330.95
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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 Localizer Glide path

number (MHz) (MHz)
| 110.3 335.0
2 109.9 533.8
3 109.5 332.6
1 110.1 3344
5 109.7 333.2
6 1093 332.0
7 109.1 3314
8 110.9 330.8
9 110.7 330.2
10 110.5 329.6
11 108.1 334.7
12 108.3 334.1
13 108.5 329.9
14 108.7 330.5
15 108.9 3293
16 111.1 3317
7 111.3 LEPR
18 111.5 3329
19 111.7 3335
20 111.9 331.1

492  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.

493  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
39.1.
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FIFTH SCHEDULE

5.0 Specification for VHF Omni directional Range (VOR) — (regulation 39)

5.1
5.1.1

52
5.2.1

522

523

583
53:1

532

General

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 frequency

The VOR shall operate in the band 111.975 MHz to 117.975 MHz except that
frequencies in the band 108 MHz to 111.975 MHz may be used when, in
accordance with the 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.
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54
54.1

542

5.5
55.1

Coverage

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.

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.

Modulations of navigation signals

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:

1) 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 1 (i.e. 15 to 17);

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 16 plus or
minus 1 (i.e. 15 to 17) when observed at any angle of elevation up to 5 degrees,
with a minimum deviation ratio of 11 when observed at any angle of elevation
above 5 degrees and up to 40 degrees;

b) a 30 Hz amplitude modulation component:

553

1) 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”.

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.

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 9 960 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.

The variable and reference phase modulation frequencies shall be 30 Hz within
plus or minus 1 per cent.

The subcarrier modulation mid-frequency shall be 9 960 Hz within plus or
minus 1 per cent.

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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55.7

5.6
56.1

562

563

564

5.6.5

5.6.5.1

5.6.6

5.6.6.1

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:

Subcarrier Level

9 960 Hz 0 dB reference
2nd harmonic 30dB

3rd harmonic 50 dB

4th harmonic and above 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 1 000 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 1 020 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 10 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 ground-to-air, the
modulation depth of the code identification signal shall be 5 plus or minus 1 per
cent in order to provide a satisfactory voice quality.



2132

Kenya Subsidiary Legislation, 2018

5.6.7

568

5.7
3:151

5.7.2

5.8
5.8.1

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

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

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

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.
Interference immunity performance for 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:

2N+ No+ 7220

for VHF FM sound broadcasting signals in the range 107.7 - 108.0 MHz

and

for VHF

f \

2N, + N, +3| 24-20 log - | <0
04)

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.

N1 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

58.2.
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Af = 108.1 — f1, where f1 is the frequency of N1, the VHF FM sound broadcasting signal
closer to 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:

Maximum level of

Frequency unwanted signal at
(MHz) recefver input
(dBm)
88-102 +15
104 +10
106 +9

107.9 -10
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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
70°microvolts 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 1 750 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
runway are assigned a common frequency, provision shall be made to ensure
that the facility not in operational use cannot radiate.

6.4 Identification

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.

642  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 I-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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6.4.2.1

643

644

6.5
6.5.1

6.5.1.1

6.5.2

6.53

6.6
6.6.1

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 1 020 Hz
plus or minus 50 Hz or 400 Hz plus or minus 25 Hz.

Characteristics of emissions

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/A1A) 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 noise;
¢) 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 2017.
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6.6.2

6.7
6.7.1

6.7.2

6.73

6.7.4

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

Monitoring

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

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

b) failure to transmit the identification signal;
¢) 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 6.7.1 a),
b) and ¢).

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 ¢).
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SEVENTH SCHEDULE
7.0 Specification for UHF distance measuring equipment (DME)-( regulation 43)
7.1 General

7.1.1  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.

7.14  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 with 7.2.3 4;
b) be collocated within the limits for associated facilities described in 7.1.6; and
¢) 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
Jacility

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 navigation 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 20degrees) between the approach path and the
direction to the DME at the points where the distance information is required.

7.1623 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.

7.1.6.24  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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7.1.6.2.5

71626

72
7.2.1
7.2.1.1

7.2.1.2

72.12.1

72122

7.2:1.3

7:2:.1:3:1

7.2.1.4
72.14.1

72142

72.143

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 I shall apply only to DME
equipment first installed after 1 January 1989.

System characteristics
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 7.4.5
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 10 rad/s.

Errors on the extended runway centre line shall not exceed the values given
in the ANS Technical Standards, Part II Vol. 1.

In the approach sector, away from the extended runway centre line, the
allowable PFE for both standard 1 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 1.5 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.
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1212

723
7.23.1

1232

7:2.3:3

7234

724
7.2.4.1

7.2.4.2

7.2.4.3

7.2.44

7.2.4.5

d)
T:2:5
7.2:5.1

7.2.5.2

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

Channelling

DME operating channels shall be formed by pairing interrogation 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 in 7.3.4.1. 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 II-Volume 1), 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 5 031.0 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
II-Volume 1).

Interrogation Pulse repetition frequency.

DME/N. 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 15 000 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.

DME/N. 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

¢)  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.
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7.2.6
7.2.6.1

7.2.6.2

7262.1
72622

72623
72624

72625

7.2.6.3

Transponder identification

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.

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.

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

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

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

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.

The DME/P transponder shall not employ the equalizing pair of pulses of
72622.

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

b) the identification code characteristic and letter rate for the DME
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 10 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 (International 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;

¢) 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 Identification implementation

7.2.6.5.1The “independent” identification code shall be employed wherever a
transponder is not specifically associated with a VHF navigational facility or an
MLS facility.

7.2.6.52Wherever a transponder is specifically associated with a VHF navigational
facility or an MLS facility, identification shall be provided by the “associated”
code.

7.2.6.53When 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 1 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 13 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 7.2.1.4 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 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.
1) DMEJ/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 1, 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 10 per
cent.

b) Pulse duration shall be 3.5 microseconds plus or minus 0.5 microsecond.
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7.3.1.4
73.14.1

73.142

73.143

73144

73.14.5

7.3.1.5

7.3.15.1

7.3.1.52

73.153

¢) 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) 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 2 MHz 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.

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
1 microsecond prior to the virtual origin.

Pulse spacing

The spacing of the constituent pulses of transmitted pulse pairs shall be as
given in the table in 7.3.4.1.

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

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

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

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

Peak power output

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.

DMEIN. 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
72.12.

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/m?2 at any point within the coverage specified in 7.2.1.2 at
ranges greater than 13 km (7 NM) from the transponder antenna;
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73154

73155

73.15.6

7.3.1.6

7.3.1.6.1

73.1.62

73.1.63

73164

732

7.3.2.1

7322

7.3.2.3
73231

b) minus 75 dBW/m?2 at any point within the coverage specified in 7.2.1.2 at
ranges less than 13 km (7 NM) from the transponder antenna;

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

d) minus 79 dBW/m2 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 1 dB.

The reply capability of the 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 1 200 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 1 800 MHz, but
excluding the band of frequencies from 960 to 1 215 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.

Transponder sensitivity

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 dBW/m2 for DME/N with coverage range greater than 56 km
(30 NM);

b) minus 93 dBW/m2 for DME/N with coverage range not greater than 56 km
(30 NM);

¢) minus 86 dBW/m2 for DME/P IA mode;
d) minus 75 dBW/m2 for DME/P FA mode.

7.3.2.3.2The minimum power densities specified in 7.3.2.3.1 shall cause the transponder
to reply with an efficiency of at least:

a) 70 per cent for DME/N;
b) 70 per cent for DME/P IA mode;
c) 80 per cent for DME/P FA mode.

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.

7.3.2.3.4DME/P 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 1 microsecond, the receiver sensitivity shall not be
reduced by more than | dB.

7.3.2.3.7TDME/P. When the spacing of an interrogator pulse pair varies from the nominal
value by up to plus or minus 1 microsecond, the receiver sensitivity shall not be
reduced by more than 1 dB.

7.3.2.4 Load limiting

7.32.4.1DME/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.)

7.3.2.42DME/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
7.3.2.3.1 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 Bandwidth

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.

7.32.6.2DME/N. The receiver bandwidth shall be sufficient to allow compliance with
7.4.1.3 when the input signals are those specified in 7.4.1.3

732.63DME/P — IA mode. The receiver bandwidth shall be sufficient to allow
compliance with 7.4.1.3 when the input signals are those specified in 7.4.1.3 The
12 dB bandwidth shall not exceed 2 MHz and the 60 dB bandwidth shall not
exceed 10 MHz.

7.32.64DME/P — 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 in 7.3.2.3.3 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 1 215 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 interference

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

733  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 7.4.1.3 and 7.4.1 4.

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

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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7.3.3.4

734
7.3.4.1

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.

DME/P — 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.

Time delay

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 7-1: Time delay

ruise pawr
spacing (us) Time delay (us)
Channel Istpulse  2nd pulse
suffix Operating mode Interrogation Reply timing timing

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

X DME/N 36 30 56 50
DME/PIAM 36 30 56 -
DME/PFA M 42 30 62 -

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

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

7.3.4.2

a) W and X are multiplexed on the same frequency.
b) ZandY are multiplexed on the same frequency.

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
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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.

7.3.4.2.1 For 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.

7.3.43.1DME/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.

7.3.432DME/P — IA mode. The time delay shall be the interval from the half voltage
point on the leading edge of the first constituent pulse of the interrogation pulse
pair to the half voltage point on the leading edge of the first constituent pulse of
the reply pulse pair.

7.3.433DME/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 of the pulse pair in each case.

7.3.4.4 DME/N. Transponders shall be sited as near to the point at which zero indication
is required as is practicable.

735  Accuracy

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

7.3.5.1.1 DME/N 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.

7.35.12DME/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 error.

7.3.5.2 DME/N.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.

7.3.53 DME/P — FA mode

7.3.53.1Accuracy standard 1. The transponder shall not contribute more than plus or
minus 10 m (plus or minus 33 ft) PFE and plus or minus 8 m (plus or minus 26
ft) CMN to the overall system error.

7.3.53.2Accuracy standard 2. The transponder shall not contribute more than plus or
minus 5 m (plus or minus 16 ft) PFE and plus or minus 5 m (plus or minus 16 ft)
CMN to the overall system error.
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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 ft) PFE and plus or minus 10 m (plus or minus 33
ft) CMN to the overall system error.

73.6  Efficiency

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 7.3.2.3.1 and 7.3.2.3.5.

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 DME/N and DME/P IA mode.

7.3.6.2.1In DME/P the IA mode dead time shall not blank the FA mode channel and vice
versa.

7.3.7  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

7.3.7.2.11n the event that any of the conditions specified in 7.3.7.2.2 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

¢) 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 ft)) or more; ib) 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 7.3.4.1 by 1 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) afall 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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)

d)

the spacing between the first and second pulse of the transponder reply
pulse pair differs from the normal value specified in 7.3.1.4 by 1
microsecond or more;

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.

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

7.3.7.3 DME/P monitoring action

7.3.7.3.1 The 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)

b)

9]

d)

there is a change in transponder PFE that exceeds the limits specified in
either 7.3.5.3 or 7.3.5.4 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;

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;

there is a reduction of 3 dB or more in the transponder sensitivity necessary
to satisfy the requirements specified in 7.3.2.3 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);

the spacing between the first and second pulse of the transponder reply
pulse pair differs from the value specified in the table in 7.3.4.1 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 in 7.3.7.3.1. 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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7.3.1.3.5 DMEIN and DME/P monitor failure. Failure of any part of the monitor itself
shall automatically produce the same results as the malfunctioning of the
element being monitored.

7.4 Technical characteristics of interrogator

74.1 Transmitter

7.4.1.1 Frequency of operation. The interrogator shall transmit on the interrogation
frequency appropriate to the assigned DME channel (see 7.2.3).

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 spectrum. The following shall apply to all radiated pulses:

a) Pulse rise time.

b)
9]

d)

e)

1) 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 1, 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 10 per cent.

Pulse duration shall be 3.5 microseconds plus or minus 0.5 microsecond.

Pulse decay time shall nominally be 2.5 microseconds, but shall not exceed
3.5 microseconds.

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.

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.

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
1 microsecond prior to the virtual origin.

7.4.1.4  Pulse spacing

74.14.1 The spacing of the constituent pulses of transmitted pulse pairs shall be as
given in the table in 7.3 .4.1

7.4.142 DME/N. The tolerance on the pulse spacing shall be plus or minus 0.5
microsecond.

74.143 DME/N. The tolerance on the pulse spacing shall be plus or minus 0.25
microsecond.
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74144

74.14.5

7.4.1.5
74.15.1
74152

74153

7.4.1.6

7.4.1.7

7.4.1.8

742
7.42.1
7.4.2.2

7.42.3

7.4.2.4

7.42.5

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

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

Pulse repetition frequency
The pulse repetition frequency shall be as specified in 7.2.4

The variation in time between successive pairs of interrogation pulses shall be
sufficient to prevent false lock-on.

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.

Spurious radiation. 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).

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.

DME/P. The peak EIRP shall not be less than that required to ensure the power
densities in 7.3.2.3.1 under all operational weather conditions.

Time delay
The time delay shall be consistent with the table in 7.3.4.1.

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 mode. 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 — 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.
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743
7.4.3.1

7.43.2
74321

74322

74324

7.43.3
7433.1

74332

74333

7.4.3.4
7434.1

74342

74343

7.4.3.5
7435.1

Receiver

Frequency of operation. The receiver centre frequency shall be the transponder
frequency appropriate to the assigned DME operating channel (see 7.2.3.3).

Receiver sensitivity

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 7.3.1.5.2.

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 minus18 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 18 dBW/m2.

Bandwidth

DME/N. 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 12-dB bandwidth shall not exceed 2 MHz and the 60-dB bandwidth shall
not exceed 10 MHz.

DME/P — FA mode. 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
12-dB bandwidth shall not exceed 6 MHz and the 60-dB bandwidth shall not
exceed 20 MHz.

Interference rejection

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 in 7.3.1.4
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74352

74353

744
7.4.4.1

7.4.4.2

7.4.43

74431

74432

7.4.4.4

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 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.

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.

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.

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 10 m (plus or minus 33 ft) to the overall system CMN.

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.

DME/P. The interrogator shall achieve the accuracy specified in 7.2.1.4 with a
system efficiency of 50 percent or more.
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EIGHTH SCHEDULE

8.0 Specification for en-route VHF marker beacons (75 MHz)- (regulation 44)

8.1

8.1.1

8.1.2.1

8.1.2.2

8.1.2.3

8.1.2.4

8.1.25

8.1.2.6

Equipment

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.

Characteristics of emissions

.1 Radio marker beacons shall radiate an uninterrupted carrier modulated to a
depth of not less than 95 per cent or more than 100 per cent. 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 interrupted during identification.

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.

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.

8.13

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 of normal;
b) a decrease of modulation depth below 70 per cent;

¢) 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 9-1 Signal in space performance requirements
Accuncy Aczuncy
benzeztal virtcl
5% §3% Letagriey Timg-to-alart Continmizy Avzilabily

Typical opsration (Notes 1 and3)  (Notes ! 20d3) (Nota 2) (Mot 3) Note 4) Nota 9)
En-route 37km NA =110 Smm 1-1-10% 09910

20NV tol-1-10" 002000
Ensoe, 074km NA  1-1:l0R 155 1-1:10" 091
Tenuizal (04NM) tol-1-10"n  0.08000
Initial approach, 20m NA =110 10s 1-1x10" 09910
Intermediate approach, (720f) tol-1-10" 092009
Nou-precision approach (NPA),
Degarza
Approach operations with 160m Nm 1-22107 10s 1-E10° 09910
vertical guidance (APV-T) (32f) (46 f) inany parlis 092000

approach
Approach operatons with 160m 80m 1-2107 fs 1-8«10° 09910
vertical zwidace (APV-II) (52%) (26 ) in any parlis 0.60000
approach

Caregory I pracision approach 160m 60mm40m 1-2.107 fis 1-8x10° 09910
(o 7) (52f1) (Wfwlify  may parlis 092009

(Mot 6) approach

NOTES .—
1. The 95th percentile values for GNSS position errors are those required for the
intended operation at the lowest height above threshold (HAT), if applicable.

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 10 m for a specific system design may only be used if a system-
specific safety analysis has been completed. These alert limits are:
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Typical operaton Honzontal alert linu: Vertical alert hmir
En-rowse (ooganic connpeantal T4 km NA
low density) (4 NN
En-rowe (continantal) 37km NA
(2 NM)
En-rouse, 1.85km NA
Tanminal (1 WM
NPA 556 m NA
(0.3 ‘.\Drf:l
APV-I 40m 30m
(130 &) (164 f1)
APV-TI 40m 200m
(130 f) (66 f1)
Catezory I precision approach 40m 330meo 100m
(130 f) (115 frmo 33 fi)

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 operations, as this requirement is dependent upon several
factors including the intended operation, traffic density, complexity of airspace and
availability of alternative navigation aids. The lower value given is the minimum
requirement for areas with low traffic density and airspace complexity. The higher value
given is appropriate for areas with high traffic density and airspace complexity.
Continuity requirements for APV and Category I operations apply to the average risk
(over time) of loss of service, normalized to a 15-second exposure time.

5. A range of values is given for the availability requirements as these requirements are
dependent upon the operational need which is based upon several factors including the
frequency of operations, weather environments, the size and duration of the outages,
availability of alternate navigation aids, radar coverage, traffic density and reversionary
operational procedures. The lower values given are the minimum availabilities for which
a system is considered to be practical but are not adequate to replace non-GNSS
navigation aids. 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 specified for 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 Il and IIl precision approach
operations are under review and will be included at a later date.

8. The terms APV-1 and APV-II 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) (L1)

9.2.1.1 Space and control segment accuracy

9.2.1.1.1 Positioning accuracy. The GPS SPS position errors shall not exceed the
following limits:

Global average Worst site

95% of 95% of

the time the time
Horizontal position error 9 m (30ft) 17 m (56ft)
Vertical position error 15 m (49ft) 37 m (1211t)

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 ft) with reliability specified in 9.2.1.3;

b) 95th percentile range rate error of any satellite — 0.006 m (0.002 ft) per second
(global average);

¢) 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)
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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 99.79 per cent (worst single point average).

9.2.1.4  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 10 seconds shall not exceed 1x10per hour.

9.2.1.5  Continuity. The probability of losing GPS SPS signal-in-space (SIS)
availability from a slot of the nominal 24-slot constellation due to unscheduled

interruption shall not exceed 2x10™ per hour.

9.2.1.6  Coverage. The GPS SPS shall cover the surface of the earth up to an altitude of

3 000 kilometres.

9.2.1.7  Radio frequency (RF) characteristics

9.2.1.7.1 Carrier frequency. Each GPS satellite shall broadcast an SPS signal at the
carrier frequency of 1575.42 MHz (GPS L1) using code division multiple

access (CDMA).

9.2.1.7.2 Signal spectrum. The GPS SPS signal power shall be contained within a +12

MHz band (1563.42 — 1587.42 MHz) centred on the L1 frequency.

9.2.1.7.3 Polarization. The transmitted RF signal shall be right-hand (clockwise)

circularly polarized.

9.2.1.7.4 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 L1 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).

9.2.1.9  Coordinate system. The GPS coordinate system shall be WGS-84.

9.2.1.10  Navigation information. The navigation data transmitted by the satellites shall

include the necessary information to determine:
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922

9.2.2.1

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

¢) satellite health;

d) satellite clock correction;

e) propagation delay effects;

f) time transfer to UTC; and

g) constellation status.

GLONASS Channel of Standard Accuracy (CSA) (L1)

Space and control segment accuracy

9.2.2.1.1 Positioning accuracy. The GLONASS CSA position errors shall not exceed the

following limits:

Global average Worst site
95% of the time 95% of the time
Horizontal position error Sm (17 ft) 12 m (40 ft)
Vertical position error 9 m (29 ft) 25 m (97 ft)
92.2.1.2 Time transfer accuracy. The GLONASS CSA time transfer errors shall not
exceed 700 nanoseconds 95 per cent of the time.
92.2.1.3 Range domain accuracy. The range domain error shall not exceed the
following limits:
a) range error of any satellite — 18 m (59.7 ft);
b) range rate error of any satellite — 0.02 m (0.07 ft) per second;
¢) 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:

9223

a) 299 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);

¢) =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).

Reliability. The GLONASS CSA reliability shall be within the following limits:
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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 99.7 per cent (global average).

9224

9.2.2.5

9.225.1

92:2.52

92253

92254

92255
9.2:2:55.1

922552

9226

9.2.2.7

9228

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

RF characteristics

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

Signal spectrum. GLONASS CSA signal power shall be contained within a
+5.75 MHz band centred on each GLONASS carrier frequency.

Polarization. The transmitted RF signal shall be right-hand circularly
polarized.

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.

Modulation
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 m-radians with the maximum error +0.2
radian. The pseudo-random code sequence shall be repeated each
millisecond.

The modulating navigation signal shall be generated by the Modulo-2
addition of the following three binary signals:
a) ranging code transmitted at 511 kbits/s;

b) navigation message transmitted at 50 bits/s; and
¢) 100 Hz auxiliary meander sequence.

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

Coordinate system. The GLONASS coordinate system shall be PZ-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;
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¢) satellite health;
d) satellite clock correction;
e) time transfer to UTC; and

f) constellation status.

923  Aircraft-based augmentation system (ABAS)

9.2.3.1 Performance. 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.

924  Satellite-based augmentation system (SBAS)

9.2.4.1 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 Functions. 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.

9.2.4.2.1Ranging

9242.1.1

924212

9242123

924214
924215

9243

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 107°.

The probability of unscheduled outages of the ranging function from an
SBAS satellite in any hour shall not exceed 10",

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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9244 RF characteristics

9244.1 Carrier frequency. The carrier frequency shall be 1 575.42 MHz.

92442 Signal spectrum. At least 95 per cent of the broadcast power shall be
contained within a +12 MHz band centred on the L1 frequency. The
bandwidth of the signal transmitted by an SBAS satellite shall be at least 2.2
MHz.

92443  SBAS satellite signal power level.

9.2.4.4.3.1 Each SBAS satellite placed in orbit before 1 January 2014 shall broadcast

02443

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

.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 9-1 and
9-2,is at least —164.0 dBW.

Table 9-1. Interference thresholds for pulsed interference

GPS and SBAS o GLONASS

Frequency range 1575.42 MHz + 10 MHz 1 592.9525 MHz to 1
609.36 MHz

Interference threshold -20 dBW 20 dBW
(Pulse peak power)

Pulse width <125 ps <250 ps
Pulse duty cycle <1% <1%

Table 9-2. Minimum antenna gain — GPS, GLONASS and SBAS

Elevation angle degrees Minimum gain dBic
0 -7
5 -5.5
10 —4
15 to 90 -2.5

Note.— The 5.5 dBic gain at 5 degrees elevation angle is appropriate for an L1

antenna.
band.

A higher gain may be required in the future for GNSS signals in the L5/ES5
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(b)

(c)

(d)

92444

92445

9.2.4.5

9.2.4.6

925

9.25.1

9.2.5.2

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.

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.

The ellipticity of the broadcast signal shall be no worse than 2 dB for the
angular range of +9.1° from boresight.

Polarization. The broadcast signal shall be right-hand circularly polarized.
Modulation. The transmitted sequence shall be the Modulo-2 addition of the
navigation message at a rate of 500 symbols per second and the 1 023 bit

pseudo-random noise code. It shall then be BPSK-modulated onto the carrier at
a rate of 1.023 megachips per second.

SBAS network time (SNT). The difference between SNT and GPS time shall
not exceed 50 nanoseconds.

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;

¢) corrected satellite time for all satellites;

d) corrected satellite position for all satellites;

¢) ionospheric propagation delay effects;

f) user position integrity;

g) time transfer to UTC; and

h) service level status.

Ground-based augmentation system (GBAS) and ground-based regional
augmentation system (GRAS)

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.
Functions. GBAS shall perform the following functions:

a) provide locally relevant pseudo-range corrections;

b) provide GBAS-related data;

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

d) provide predicted ranging source availability data; and

e) provide integrity monitoring for GNSS ranging sources.
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9.2.5.3 Coverage

9.253.1

9.2:53.1.1

925312

92532

9254

9254.1

92542

92543

92544

92544.1

9.25.44.1

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 ft) each side of the landing threshold
point/fictitious threshold point (LTP/FTP) and projecting out +35 degrees
either side of the final approach path to 28 km (15 NM) and 10 degrees
either side of the final 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 045 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).

For Category I precision approach, the data broadcast as specified in 9.2.5.4
shall extend down to 3.7 m (12 ft) above the runway surface.

The data broadcast shall be omni-directional when required to support the
intended applications.

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.

Data broadcast characteristics

Carrier frequency. The data broadcast radio frequencies used shall be
selected from the radio frequencies in the band 108 to 117.975 MHz. The
lowest assignable frequency shall be 108.025 MHz and the highest assignable
frequency shall be 117.950 MHz. The separation between assignable
frequencies (channel spacing) shall be 25 kHz.

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.

Modulation. GBAS data shall be transmitted as 3-bit symbols, modulating the
data broadcast carrier by D8PSK, at a rate of 10 500 symbols per second.
Data broadcast RF field strength and polarization

GBAS/H

. A horizontally polarized signal shall be broadcast.
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9.25.44.1.2

925442

9254421

9.254.422

92545

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 dBW/m2) 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
dBW/m2) and a maximum field strength of 0.221 volts per metre (-39
dBW/m2) 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 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" adjacent channel shall not exceed the
values shown in Table 9.2.5.4-1.

Table 9.2.5.4.5-1 GBAS broadcast power transmitted in adjacent channels

Channel Relative power Maximum power
Ist adjacent —40 dBc 12 dBm
2nd adjacent —65 dBc —13 dBm
4th adjacent —74 dBc —22 dBm
8th adjacent -88.5 dBc -36.5dBm
16th adjacent -101.5 dBc —49.5 dBm
32nd adjacent —-105 dBc -53 dBm
64th adjacent —113 dBc —-61 dBm
76th adjacent and beyond —115 dBc¢ —63 dBm

NOTES .—

1. The maximum power applies if the authorized transmitter power exceeds 150 W.
2. The relationship is linear between single adjacent points designated by the adjacent
channels identified above.
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9.2.54.6 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

Falagve uawanred MMadinnm wrwanred
enussion level enussion level
Frequency (Mot I) (MNote 1)
9kHz to 150 kH=z —93 d3¢ —35 dBm/1 kHz
(Iote 3 (Note 3)
150 kHz to 30 MHz —103 dBc —55dBm/10 kHz
(INote 3) (INota 3)

30 MHz to 106.125 MHz —11% dBc =37 dBm/100 kHz
106425 MH= -113 dBc 55 dBm 100 kHz
107.225 MH= —10% dBc —47 dBm/ 100 kHz
107.625 MH= -101.5 dBc —53.5dBm/'10 kHz
107.825 MH= —88.5 dBc —40.5 dBm/10 kHz
107.925 MH= —74 dBc —36 dBm'! kHz
107.9625 MHz =71 dB¢ —-33 dBm'l kHz
107.975 MH=z —&5 dBc -27 dBm'1 kHz
118 000 MH=z —55 dBc —27 dBm'l kHz

118.0125 MH=z -71 dB3c —-33dBm'l kHz
118.050 MH= —74 dBc -36 dBm'1 kHz
118.150 MH= —88.5 dBc —40.5dBm /10 k¥z
118.350 MH= -101.5 dBc —53.5dBm'10 kHz
118.750 MH= -10% dBc —47 dBm 100 kHz
119550 MH=z -113 dBc =53 dBm/' 100 kHz

119 850 MHz to 1 GH= —-115 dBc —37 dBm/100 kHz
1 GHzto 1.7 GHz —115 dBc —47 dBm'1 MHz

NOTES .—

1. The maximum unwanted emission level (absolute power) applies if the authorized
transmitter power exceeds 150 W.

2. The relative unwanted emission level is to be computed using the same bandwidth for
desired and unwanted signals. This may require conversion of the measurement for
unwanted signals done using the bandwidth indicated in the maximum unwanted
emission level column of this table.

3. This value is driven by measurement limitations. Actual performance is expected to
be better.

4. The relationship is linear between 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:
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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.
92.6  Aircraft GNSS receiver

9.2.6.1 The aircraft GNSS receiver shall process the signals of those GNSS elements
that it intends to use.

9.3 Resistance to interference

9.3.1  GNSS shall comply with performance requirements defined in 9.0 in the
presence of the interference environment.

94 Database

94.1 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) (L1)

95.1 NON-AIRCRAFT ELEMENTS

9.5.1.1 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 10 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 L1 carrier over the allocated channel bandwidth.

9.5.1.1.3 Correlation loss. The loss in the recovered signal power due to imperfections
in the signal modulation and waveform distortion shall not exceed 1 dB.

Note.— The loss in signal power is the difference between the broadcast power in a 2.046
MH?z bandwidth and the signal power recovered by a noise-free, loss-free receiver with
I-chip correlator spacing and a 2.046 MHz bandwidth

9.5.1.1.4 Coarselacquisition (C/A) code generation and timing. Each C/A code pattern
Gi(t) shall be formed by the Modulo-2 sum of two 1 023-bit linear patterns, G1
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-1. The G1 and G2 sequences shall be generated by
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a)

10-stage shift registers having the following polynomials as referred to in the
shift register input:

Gl: X"+ X*+1;and

b) G2:X"+X+X+ X+ X+ X+ 1.

The initialization vector for the G1 and G2 sequences shall be “1111111111”. The code
phase assignments shall be as shown in Table B-1. The G1 and G2 registers shall be
clocked at a 1.023 MHz rate. Timing relationships related to the C/A code shall be as
shown in Figure B-1.*

9.5.1.2

95.12.1

Data structure. The navigation message shall be formatted as shown in Figure
B-2. Each page, as shown in Figure B-6, shall utilize a basic format of a 1 500-
bit-long frame with up to 5 subframes, each of 300 bits in length. All words
shall be transmitted most significant bit (MSB) first.

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 1
regardless of which subframe was last transmitted prior to the end/start of
week; and

b) the cycling of 25 pages of subframes 4 and 5 shall restart with page 1 of
each of the subframes, regardless of which page was transmitted prior to
the end/start of week. All upload and page 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.

95.123

95124

9.5:1.2:5

Data parity. Words 1 through 10 of subframes 1 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
10 for parity computation purposes.

Telemetry (TLM) 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.

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-bit Z-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.

9.5.1.2.5.1 Bit 18. 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 1 and that use of the satellite is at the user’s risk.

Table B-1 Code phase assignments

Satellite ID GPS G2 delay First 10 chips

number PRN signal (chips) octal*
1 1 5 1440
2 2 6 1620
3 3 7 1710
B 4 8 1744
5 5 17 1133
6 6 18 1455
7 7 139 1131
8 8 140 1454
9 9 141 1626
10 10 251 1504
11 11 252 1642
12 12 254 1750
13 13 255 1764
14 14 256 1772
15 15 257 1775
16 16 258 1776
17 17 469 1156
18 18 470 1467
19 19 471 1633
20 20 472 1715
21 21 473 1746
22 22 474 1763
23 23 509 1063
24 24 512 1706
25 25 513 1743
26 26 514 1761
27 27 515 1770
28 28 516 1774
29 29 859 1127
30 30 860 1453
31 31 861 1625
32 32 862 1712
b 33 863 1745
Lt 34%* 950 1713
- 35 947 1134
wE 36 948 1456
i 37w 950 1713

* In the octal notation for the first 10 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 10 chips of the C/A code for pseudo-random noise (PRN) signal
assembly 1 are:

1100100000).
** 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 Bit 19. Bit 19 shall be reserved.
9.5.1.2.53 Bits 20, 21 and 22. Bits 20, 21 and 22 of the HOW shall provide the

identification (ID) of the subframe in which that particular HOW is the
second word. The ID code shall be as defined below:

ID Code
1 001
2 010
3 011
4 100
5 101

95.12.6 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 to as a Z-
count. The Z-count shall be provided to the user as a 29-bit binary number
consisting of two parts as follows.

9.5.1.2.6.1 Time-of-week (TOW) count. The binary number represented by the 19 LSBs
of the Z-count shall be referred to as the TOW count and is defined as being
equal to the number of 1.5-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 1.5-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 1.5-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 LI
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
night/Sunday morning, where midnight is defined as 0000 hours on the UTC scale which
is nominally referenced to the Greenwich Meridian.

9.5.1.2.6.2 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 1 023. Its zero state shall be that
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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 1
023, the GPS week number shall roll over to zero. The previous 1 024
weeks in conversions from GPS time to a calendar date shall be accounted
for by the user.

9.5.1.3 DATA CONTENT

9.5.13.1 Subframe 1 — satellite clock and health data. The content of words 3
through 10 of subframe 1 shall contain the clock parameters and other data
as indicated in Table 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.

95.13.1.1 Week number. The 10 MSBs of word 3 shall contain the 10 MSBs of the
29-bit Z-count and shall represent the number of the current GPS week at
the start of the data set transmission interval with all zeros indicating week
“zero.” The GPS week number shall increment at each end/start of week
epoch.

9.5.1.3.1.2  User range accuracy (URA). Bits 13 through 16 of word 3 shall provide the
predicted satellite URA as shown in Table B-3.

Note 1.— The URA does not include error estimates due to inaccuracies of the single-
Jfrequency 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 1 parameters

Parameter Number of bits** Scale factor (LSB) Effective range*** Units
1

Week number 10 weeks

Satellite accuracy 4

Satellite health 6 1 discretes

Ton 8* 2! seconds

10DC 10

to 16 2¢ 604 784 seconds

ap 8* 2% seconds/second2
ag 16% 2 seconds/second
a 22% 2 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 Accuracy

2m
28m
4m
57m
&m
11.3m
16 m
32m
64 m
128 m
256 m
512 m
1024 m
2048 m
4096 m
Do not use

oV U B W=

bt
o W

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) 1 =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 given in subframe 1 may differ from that shown in subframes 4 or 5 of
other satellites since the latter may be updated at a different time.

9.5.1.3.14 Issue of data, clock (IODC). Bits 23 and 24 of word 3 in subframe 1 shall
be the 2 MSBs of the 10-bit IODC term. Bits | through 8 of word 8 in
subframe 1 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 of Data, Ephemeris (IODE)
terms is defined in 9.5.1.3.2.2.

9.5.1.3.1:5

Estimated group delay differential. 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.

95.13.1.6

9.5:1.3:1.7

Satellite clock correction parameters. Bits 9 through 24 of word 8, bits 1
through 24 of word 9, and bits 1 through 22 of word 10 shall contain the
parameters needed by the users for apparent satellite clock correction (t,.,
ap, ay and ag).

Reserved data fields. Reserved data fields shall be as indicated in Table B-
4. All reserved data fields shall support valid parity within their respective
words.

9.5.1.3.2Subframes 2 and 3 — satellite ephemeris data. Subframes 2 and 3 shall contain

9:5.1.3.2:1

9.5:1.322

the ephemeris representation of the transmitting satellite.

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 B-6.

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 1. Whenever these three terms do not
match, as a result of a data set cutover, new data shall be collected. The
transmitted IODE shall be different from any value transmitted by the
satellite during the preceding six hours (Note 1). Any change in the
subframe 2 and 3 data shall be accomplished in concert with a change in
both IODE words. Change to new data sets shall occur only on hour
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 11-12
4 1-24
5 1-24
6 1-24
7 1-16
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*

Table B-5. Ephemeris data

M, Mean anomaly at reference time
An  Mean motion difference from computed value
¢ Eccentrcity
JA  Square root of the semi-major axis
OMEGA; Longitude of ascending node of orbit plane at weekly epoch
1, Inclination angle at reference time
®  Argument of pengee
OMEGADOT  Rate of nght ascension
1DOT  Rate of clination angle
Co  Amplitude of the cosine harmonic correction term to the argument of latitude
Ci:  Amplitude of the sme harmonic cotrection term to the argument of latstude
(. Amplitude of the cosine harmonic correction term to the orbit radis
C. Amplitude of the sme harmonic correction term to the orbit radius
C,.  Amplitude of the cosmne harmonic correction term to the angle of nclnation
C. Amplitude of the sine harmonic correction term to the angle of mclination
te Reference tume, ephemens
IODE  Issue of data. ephemeris
Table B-6. Ephemeris
parameters
Number Scale factor Effective
Parameter of bits** (LSB) range*** Units
IODE 8
C 16* . metres
An 16* 74 semi-circles/second
M, 32* 2 semu-circles
G 16* i radians
e 32 ¥ 0.03 dimensionless
Cy 16* ¥ radians
VA 32 e metres'
16 2 604 784 seconds
Cic 16* S radians
OMEGA, 308 P semi-circles
Cs 16* o radians
1 32% 2'3_1 semi-circles
C. 16* 2 metres
® 320 23 semi-circles
OMEGADOT 24* 74 semu-circles/second
1DOT 14* 2 semi-circles/second

Parameters so indicated are two’s complement, with the sign bit (+ or —) occupying

the MSB.
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**  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 1.— 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 1 hour.

9.5.1.3.2.3 Reserved data fields. Within word 10, subframe 2, bits 17 through 22 shall be
reserved. Reserved data fields shall support the valid parity within their
respective words

9.5.1.33  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 10: 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;

¢) Page 18: ionospheric and UTC data;

d) Page 25: satellite configurations for 32 satellites; and

e) Pages1,6,11,12,13,14,15,16,19,20,21,22,23 and 24: reserved.
Pages of subframe 5 shall be as follows:

a) Pages | through 24: almanac data for satellite 1 through 24; and

b) Page 25: satellite health data for satellite 1 through 24, the almanac reference
time and the almanac reference week number.

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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9.51:33.2

a)

b)

9]

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;

for all other pages, the data ID shall denote the data structure of the
transmitting satellite; and

data ID “1” (denoted by binary state 00) shall not be used.

Satellite ID. 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)

b)

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-1; and

for all other pages the satellite ID assigned in accordance with Table B-
7 shall serve as the “page ID”. IDs 1 through 32 shall be assigned to
those pages which contain the almanac data of specific satellites (pages
1 through 24 of subframe 5 and pages 2 through 5, and 7 through 10 of
subframe 4). The “0” ID (binary all zeros) shall be assigned to indicate
a dummy satellite, while IDs 51 through 63 shall be utilized for pages
containing other than almanac data for a specific satellite (Notes 1 and
2):

Note 1.— Specific IDs are reserved for each page of subframes 4 and 5; however, the
satellite ID of pages 2, 3,4,5,7,8, 9 and 10 of subframe 4 may change for each page to
reflect the alternate contents for that page.

Note 2.— The remaining IDs (33 through 50) are unassigned.
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Table B-7. Data IDs and satellite IDs in subframes 4 and 5

Subframe 4 Subframe 5

Page DataID Satellite ID* Data ID Satellite [D*
1 EE 3] 57 **k l
Jtttt *k 25 *k 2
3**&* *k 26 ** 3
fgrnn *k 27 ** 4
5*#** * %k 28 *% 5
6 EE 2 2 57 *¥ 6
7"#* *%k 29 *% 7
831‘*‘ % 30 % 8
9!3*# ** 31 ** 9
lotltl x% 33 *% 10
11 iy 57 ** 11
12 o 62 .. 12
13 b 52 e 13
14 s 53 g 14
15 see 54 e 15
16 see 57 % 16
17 T3] 55 *>* 17
18 s 36 i 18
19 LR 23 58!**#‘ *¥ 19
‘_\O *kk 59***** *% 20
21 b 57 *3 21
’_l: EE 33 60'3!31 *x 22
23 EE 33 61*3*!1 *x 23
24 b 62 s 24
25 *hk 63 23 51

* “0” indicates “dummy” satellite. When using “0” to indicate a dummy satellite,

the data ID of the transmitting satellite is used.

ok Data ID of that satellite whose satellite ID appears in that page.

**%  Data ID of transmitting satellite.

k% Pages 2,3,4,5,7,8,9 and 10 of subframe 4 may contain almanac data for
satellites 25 through 32, respectively, or data for other functions as identified by a
different satellite ID from the value shown.

wRkkk Satellite ID may vary.

951333

Almanac. Pages 1 through 24 of subframe 5, as well as pages 2 through 5
and 7 through 10 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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9.5.1.3.3.3:1

9.5:1.3.33.2

9.5.1.3333

95.1334

9.5.1.3.34.1

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.

Almanac reference time. The almanac reference time, toa, shall be a
multiple of 212 seconds occurring approximately 70 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.

Almanac time parameters. The almanac time parameters shall consist of an
1 1-bit constant term (af0) and an 11-bit first order term (afl).

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.

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.

The 8-bit health status words shall occupy bits 17 through 24 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

Number Scale factor Effective

Parameter of bits** (LSB) range*** Unts

e 16 y dimensionless

ke 8 b 602 112 seconds

b 16* Y semi-circles

OMEGADOT 16* B semi-circles/second

VA 24* o metres'

OMEGA, 24 s semi-circles

o) 24+ i semui-circles

M, 24+ B semi-circles

an 11* rye seconds

an 11® o seconds/second
* Parameters so indicated are two’s complement, with the sign bit (+ or —)

occupying the MSB.
b 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.

*rkk 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

Bit position in page
137 138 139 Indication
0 0 0 ALLDATAOK
0 0 1 PARITY FAILURE — some or all panity bad
0 1 0 TLMHOW FORMAT PROBLEM — any departure from standard format
(e.g. preamble musplaced and/or mcorrect), except for mcorrect Z-count, as reported
n HOW
0 1 1 Z-COUNT 1n HOW BAD — any problem with Z-count value not reflecting
actual code phase
1 0 0 SUBFRAMES 1, 2, 3 — one or more elements in words 3 through 10 of one or
more subframes are bad
1 0 1 SUBFRAMES 4, 5 — one or more elements in words 3 through 10 of one or
more subframes are bad
1 1 0 ALL UPLOADED DATA BAD — one or more elements 1n words 3 through 10

of any one (or more) subframes are bad

ALL DATA BAD — TLM word and’or HOW and one or more elements in any
one (or more) subframes are bad

Table B-10. Codes for health of satellite signal components

MSB

LSB Indication

All other combinations

0  ALLSIGNALSOK

0  SATELLITE IS TEMPORARILY OUT — do not use this satellite
during current pass

1 SATELLITE WILL BE TEMPORARILY OUT — use with caution ___

0  SPARE

1 MORE THAN ONE COMBINATION WOULD BE REQUIRED TO
DESCRIBE ANOMALIES, EXCEPT THOSE MARKED BY ___

SATELLITE EXPERIENCING CODE MODULATION AND/OR
SIGNAL POWER LEVEL TRANSMISSION PROBLEMS. The user
may experience infermittent tracking problems if satellite 1s acquired.

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 referred to above as defined

in9.35.1.3.3.3.
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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 1.— The transmitted health data may not correspond to the actual health of the
transmitting satellite or other satellites in the constellation.

Note 2.— The data given in subframes 1,4 and 5 of the other satellites may differ from
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 = 1) or not activated (MSB = 0). The 3 LSBs
shall indicate the configuration of each satellite using the following code:

Code Satellite configuration
001 Block II/ITA/IIR satellite
010 Block IIR-M satellite

11 Block IIF satellite

9.5.13.3.6 UTC parameters.Page 18 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 WNLSEF 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
(95.126.2).

9.5.1.33.6.1 The 24 MSBs of words 6 through 9, and the 8 MSBs of word 10 in
page 18 of subframe 4 shall contain the parameters related to
correlating UTC time with GPS time. The bit length, scale factors,
ranges, and units of these parameters shall be as specified in Table B-
1.

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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9.5.1.3338

ionospheric delay shall be contained in page 18 of subframe 4 as specified

in Table B-12.

messages.

Table B-11. UTC parameters

Special message. Page 17 of subframe 4 shall be reserved for special

Number Scale factor Effective
Parameter of bits** (LSB) range*** Ututs
A, 32* PR seconds
A; 24* 27 seconds/second
Mg 8* seconds
& 8 5 602112 seconds
WN, 8 1 weeks
WN ¢ 8 1 weeks
DN grakx 1 7 days
Aty s 8* 1 seconds
* Parameters so indicated are two’s complement, with the sign bit (+ or —) occupying
the MSB.
**  See Figure B-6 for complete bit allocation in subframe.
* K

Ak

Table B-12. Ionospheric parameters

* Unless otherwise indicated in this column, effective range is the maximum range
attainable with the indicated bit allocation and scale factor.

** Right justified.

Number Scale factor Effective
Parameter of bits** (LSB) range*** Units
ap 8* ¢ seconds
a 8* ¥ seconds/semu-circle
a, 8 o seconds/semi-circle’
a: 8* rH seconds/semi-circle®
Bo 8* i seconds
B 8* M seconds/semi-circle
B 8* g seconds/semi-circle’
B; 8* 2 seconds/semi-circle’
" Parameters so indicated are two’s complement, with the sign bit (+ or —) occupying
the MSB.
**  See Figure B-6 for complete bit allocation in subframe.
ok ok

attainable with the indicated bit allocation and scale factor.

Unless otherwise indicated in this column, effective range is the maximum range
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9.5.1.3.3.9 Reserved data fields. All bits of words 3 through 10, except the 58 bits used
for data ID, satellite (page) ID, parity (six LSBs of each word) and parity
computation (bits 23 and 24 of word 10) of pages 1, 6, 11, 12, 13, 14, 15,
16, 19, 20, 21, 22, 23 and 24 of subframe 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. Reserved bit
positions of each word shall contain a pattern of alternating ones and zeros with a valid
word parity.

9.52  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.

Table B-13 Reserved bits in subframes 4 and 5

Subframe Pages Words Reserved bt position in word
4 17 10 17-22
4 18 10 9-22
- 25 8 17-18
B 25 10 19-22
5 25 10 4-22
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Table B-14 Parity encoding algorithms

D, = ¢98Dy

D, = 4,6D

D; = d; & D-;o

Dy, = dy® D.3o

Dy =Dy®d®dh®ded®d0d®d;®d:9d;0dsSdySd®dy®dn
Dy =Dy9h®dh®ded®dod)®d®d;9dDd;sSd;®dpddySdy
Dy =Dx8d%d%d5d0d0d0d;0d;0duDd;0dsDdpSdy®dn
Dg; = D.5oed:@d4@d5@dg@dgedpedlsed“ed;s9d1e9d17ed:06d319d13
Dy =Dy48d®d®d®d8d;0dBd0d;0d;9d9d;0d;38d,Bd,Bdy
Dy = Dn®d0d8d0d0d,9d)Sd;9d;9d;0d,0d,0d;Ddy
where:

D. Ds. Ds. ... Dyg. Dy are the bits transnutted by the satellite;

Dy;. ... Dy are the computed panty bits:

d; d,, ... dyy are the source data bits;

& 15 the Modulo-2 or “Exclusive-Or” operation: and

* 15 used to identify the last two bits of the previous word of the subframe.

9.5.2.1 Parity algorithm. GPS parity algorithms are defined as indicated in Table B-14.
9.5.2.2 Satellite clock correction parameters. GPS system time ¢ is defined as:

t =tsv — (Atsv)L1
where
t = GPS system time (corrected for beginning and end-of-week crossovers);

tsv = satellite time at transmission of the message;
(Atsv)L1 = the satellite PRN code phase offset;

(Atsv)L1 = af0 + afl(t — toc) + af2(t — toc)2 + Atr — TGD
Where

af0, afl and af2 and toc, are contained in subframe 1; and
Atr = the relativistic correction term (seconds)

Atr = Fe VA 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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F=—— =440807633(10 s

Where
L= WGS-84 universal gravitational parameter (3.986005 x 1014 m3/s2)
¢ = 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 t-toc is greater than 302 400 seconds, subtract 604 800 seconds
from t. If the quantity t-toc is less than —302 400 seconds, add 604 800 seconds to t.

9.5.2.3 Satellite position. 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:

Fx [s,oxw-" + AMP (1—‘— +‘—i)] Jxl <1,57

Tiono= (seconds)
Fx (5,0x107) + x| 21,57
where
3 0 .
y AMP = 0)
AMP= { 2“:" b (seconds)
siAMP <0, AMP = 0
X= —2mr;:;400) , (radians)
PER= {znzl} Budim PER=T2 000} (seconds)
si PER < 72 000, PER = 72 000

F=1.0+16.0[0.53-EF

o, and B, are the satellite transmutted data words withn=0.1,2 and 3
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0w =0+ 0.064 cos (h— 1.617) (semu-circles)

. A, .
A =A“+£%(senn-c1rcles)
4

05

b, =0,% v cos A (semi-circles)

=0, si |¢,<0.416

&= { ;= + 0.416 51 §; > 0.416, { (senu-circles)
b=-0.4165i , < -0.416

U= % -0.022 (semi-circles)

t = 432x10" ) +GPS time (seconds) where 0 <t < 86 400,
therefore: 1f t > 86 400 seconds, subtract 86 400 seconds; and
if t < 0 seconds, add 86 400 seconds

E = satellite elevation angle

9.5.2.4.1 The terms used in computation of ionospheric delay are as follows:

a) Satellite transmitted terms
a, = the coefficients of a cubic equation representing the amplitude of the vertical
delay
(4 coefficients = 8 bits each)
[3, = 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)

¢, = user geodetic latitude (semi-circles) WGS-84
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L, = user geodetic longitude (semi-circles) WGS-84

GPS time = receiver computed system time

¢) Computed terms

x = phase (radians)

F = obliquity factor (dimensionless)
t = local time (seconds)
¢,, = geomagnetic latitude of the earth projection of the ionospheric intersection point

(mean ionospheric height assumed 350 km) (semi-circles)

A, = geomagnetic longitude of the earth projection of the ionospheric intersection point

(semi- circles)

i = geomagnetic latitude of the earth projection of the ionospheric intersection point
(semi-circles)
y = earth’s central angle between user position and earth projection of ionospheric

intersection point (semi-circles)
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Table B-15 Elements of coordinate

systems
A= ("/K) Semi-major axis
M Computed mean motion
np = E
=1t Time from ephemenss reference epoch’
n=n+An Corrected mean motion
My =M, + ot Mean anomaly
M =E -esmE, Kepler's equation for eccentric anomaly (may be solved by iteration)
_y[senvy) _ [Vi-e*senEy/(1-ecosEy)
vy =t = True anomaly
(cos v,J (cosE, —e)/(1-ecosEy)
[ eteosy }
E; = cos™H {——— Eccentric anomaly
1 +ecosv
h=wto Argument of latitude
Second Harmonic Perturbations

ouy = Cye s1n 20y + Cy cos 2 Argument of latitude correction
O = Cye s1n 24y + C; 510 26y Raduus correction
O, = C,. cos 26, = C,; sin 2y Inclination correction
U = Gy + Ouy Corrected argument of latitude
=A(l -ecosEy) + o Corrected radms
1 =19+ o+ (1DOT)t Corrected incliation

' =1.C08 . :
x,k_ . ukt Posttions 1 orbital plane
Y= rysenuy
0, =0+ (0-0,)t - Ot Corrected longitude of ascending node
X = X'}, cos (), - y',cos iy sen Oy
yi= X'} sen (), - y'y cos i,cos Qk‘ Earth-centred, earth-fixed coordinates
7=y seniy
* 15 GPS system tume at time of transmission. 1e. GPS time corrected for transit time (range/speed of light). Furthermore, t, 15 the actual total

tume difference between the tume t and the epoch time t.,. and nmst account for beginning or end-of-week crossovers. That is. 1f & 15 greater than
302 400 seconds, subtract 604 800 seconds from t, If'4, 1s less than —302 400 seconds, add 604 800 seconds to 4.
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9.5.3 AIRCRAFT ELEMENTS
9.53.1 GNSS (GPS) RECEIVER

9.53.1.1 Satellite exclusion. The receiver shall exclude any marginal or unhealthy
satellite.

Note.— Conditions indicating that a satellite is “healthy”, “marginal” or “unhealthy”
can be found in the United States Department of Defense, Global Positioning System —
Standard Positioning Service — Performance Standard, 4th Edition, September 2008,
Section 2.3.2.

9.53.1.2 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.

9.5.3.1.3 Doppler shift. 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.

9.53.14 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
corresponding IODC and IODE values for a given satellite.

954 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 1 week, defined as 604 800
seconds. The GPS time scale shall be maintained to be within 1 microsecond of UTC
(Modulo 1 second) after correction for the 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)
(L1)

Note.— In this section the term GLONASS refers to all satellites in the constellation.
Standards relating only to GLONASS-M satellites are qualified accordingly.



2190 Kenya Subsidiary Legislation, 2018

9.6.1 NON-AIRCRAFT ELEMENTS
9.6.1.1 RF CHARACTERISTICS

9.6.1.1.1 Carrier frequencies. The nominal values of L1 carrier frequencies shall be as
defined by the following expressions:

f, = f,, + KAf,
where
k=-7,...,0,1, ..., 6 are carrier numbers (frequency channels) of the signals transmitted

by GLONASS satellites in the L1 sub-band;

fy; = 1 602 MHz; and
Af, =0.5625 MHz.

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 #2 x 10-11
relative to its nominal value f;.

Note 1.— 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 1 242.9375 — 1 251.6875 MHz +0.511 MHz bandwidth
as defined by the following expressions:

Jo = for + kAL,
for = 1246 MHz; Af, = 04375 MHz.

For any given value of k the ratio of carrier frequencies of L1 and L2 sub-bands will be
equal to:

fo=7

Ju 9
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Table B-16. L1 carrier frequencies

Carner number (see32134) (MHz)
06 6 1 605.3750
03 5 1604.8125
1 < 1 604.2500
3 3 1603.6875
2 2 1603.1250
1 1 1602.5625
0 0 1 602.0000
-1 31 16014375
-2 30 1 600.8750
=3 29 1600.3125
—4 28 1599.7500
-5 27 1599.1875
-6 26 1598.6250
-7 25 1598.0625

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 10 Hz one-sided noise bandwidth provides the
accuracy of carrier phase tracking not worse than 0.1 radian (1 sigma).

9.6.1.1.3 GLONASS pseudo-random code generation. The pseudo-random ranging code shall be a
511-bit sequence that is sampled at the output of the seventh stage of a 9-stage shift
register. The initialisation vector to generate this sequence shall be “111111111”. The
generating polynomial that corresponds to the 9-stage shift register shall be:

Gx)=1+x"+x*
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 1.— GLONASS satellites launched during 1998 to 2005 and beyond use filters
limiting out-of-band emissions to the harmful interference limit contained in
Recommendation ITU-R RA.769 for the 1 660 — 1 670 MHz band.

Note 2.— GLONASS satellites launched beyond 2005 use filters limiting out-of-band
emissions to the harmful

interference limit contained in Recommendation ITU-R RA.769 for the 1 610.6 — 1 613.8
MHz and 1 660 — 1 670 MHz bands.

Correlation loss. 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 1.022 MHz bandwidth.

9.6.1.2 DATA STRUCTURE

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.

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 superframe and
string numbers in the frames is shown in Figure B-7.

Frame structure. Each frame shall have a 30-second duration and shall consist of 15
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 1 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.

9.6.1.2.4String 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:

111110001101110101000010010110.
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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 1 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.

9.6.124.1  Strings 1 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.

9.6.1.3 DATA CONTENT

9.6.1.3.1 Ephemeris and time parameters. The ephemeris and time parameters shall be as

follows:
m = the string number within the frame;
t = the time referenced to the beginning of the frame within the current day. It is

calculated 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;

ty = 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 t,. Duration of the time interval and therefore the maximum value of t,
depends on the value of the flag P1;

Ya(ty) = 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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fylty)-fy
Yn (tb) = lTb_
un
where
fy(ts) = the forecast frequency of n-satellite clocks at an mstant t,;
fia = the nomunal value of frequency of n-satellite clocks;
(k) = the correction to the n-satellite time t, relative to GLONASS tume t. at an wstant ;.
1. Tlt) = t{t) = tlt):

Xa(ty). Valty). a(t) = the coordmates of n-satellite m PZ-90 coordinate system at an mstant t,;

%a(tp), Valte), Zo(th) the veloctty vector components of n-satellite 1n PZ-90 coordinate system at an mstant t,;

&(ty) ¥ (&) Zy(ty) = the acceleration components of n-satellite 1 PZ-90 coordinate system at an mstant &,
which are caused by effect of sun and moon:

E = 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 = a flag indicating the time interval between the current and previous value of the
tb

parameters in minutes as shown:

Pl Time interval between adjacent values of t, in minutes
0 0 )
1 30
10 45
11 60
P2 = a flag indicating whether the value of t, is odd or even. A value of “1”

indicates a 30-minute interval of service information transmit (, = 1, 3,5 ...), a value of
“0” indicates a 60-minute interval of service information transmit (t, = 2,6, 10 ...);

P3 = a flag indicating the number of satellites for which an almanac is transmitted
within a given frame. “1” corresponds to 5 satellites and “0” corresponds to 4 satellites;
and

AT, = the time difference between the navigation RF signal transmitted in L2 sub-band
and navigation RF signal transmitted in L1 sub-band by given satellite:

AT, =t — ty
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where t;, t, 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 “1” 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;

M*, = an index of the modification of n*-satellite: “00” indicates GLONASS
satellite, and “01” indicates GLONASS-M satellite;

T, = the GLONASS time scale correction to UTC(SU) time. The correction tc is
given at the instant of day N*;

NA = the calendar day number within the 4-year period beginning since the leap
year. The correction tc¢ and other almanac data (almanac of orbits and almanac
of phases) relate to this day number;

n = the slot number occupied by n-satellite;

= the channel number of a carrier frequency of n’-satellite (Table B-16);

n

= the longitude of the first (within the ™-day) ascending node of n*-satellite
orbit in PZ-90 coordinate system;

64, = the time of the first ascending node passage of n*-satellite within N*-day;
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Table B-17 Ephemeris and time frames

Number Scale factor Effective

Parameter of bits (LSB) range Units
m 4 1 dimensionless

5 1 01023 hours
ty 6 1 01039 nunutes

1 30 Oor30 seconds
ty 7 15 15..1425 munutes
Ya(to) 11 ) £ dimenstonless
Tults) 2 r¥ £ seconds
X(te). alt). Za(ts) 27 . £.7x10* km
Xa (t), ¥ (). 23 (1) 24 ¥ 43 km/second
Xa (1), Vi (1), Za (1) 5 ¥ =62 %107 km/second’
E, 5 1 0to31 days
B. 3 1 Oto7 dimensionless
Pl 2 as detailedin 3.2.13.1
P2 1 1 0;1 dimensionless
P3 1 0:1 dimensionless
Aty 5 ™ =13.97 x 107 seconds

Table B-18. Arrangements of the ephemeris and time parameters within the frame

Number Sting number Bit number
Parameter of bits within the frame within the frame
m 4 1..15 81-84
t 12 1 65-76
to 7 2 70-76
Yalte) 11 3 69—79
Talts) 2 < 59-80
Xa(ts) 27 1 9-35
Valts) 27 2 9-35
z(ty) 27 3 9-35
Ra(te) 24 1 41-64
Talts) 24 2 41-64
Z(ty) 24 3 41-64
a(ty) 5 1 36-40
Falts) 5 2 36-40
Za(ty) 5 3 36 - 40
E, 5 4 49-53
B, 3 2 78-80
P1 2 1 77-78
P2 1 2 77
P3 1 3 80
Aty 5 4 54-58
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A
A, =

AT,

At =

A
€, =

A
B, =

A
Ta =

(‘A: =

the comrection to the mean value of inclination of n”-satellite at tnstant of t,%, (mean value of inclination is equal
10 63 degrees):

the correction to the mean value of Draconsan peniod of the o' satellite at the instant of t,*; (mean value of
Dracoman period T 15 equal to 43 200 seconds);

the rate of change of Draconian period of n*-satellite;
the eccentricity of n*-satellite at instant of t,*;
the argument of perigee of n”*satellite at the instant of

the coarse value of n’-satellite time correction to GLONASS time at instant of A

a generalized “unhealthy flag” of n’-satellite at instant of almanac upload almanac of orbits and phases. When
(=0, thus mdicates that n-satellite 15 non-operational. When Cy = 1, this mdicates that n-satellite 15 operational.

9.6.1.3.5Partition 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 Arrangement of the almanac parameters. Arrangement of the almanac words

9.6.14

9.6.14.1

within the frame shall be as indicated in Table B-21.

CONTENT AND STRUCTURE OF ADDITIONAL DATA TRANSMITTED BY
GLONASS-M SATELLITES

Letter designation of additional data. In 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;

In — health flag for n-th satellite: “0” indicates the n-th satellite is healthy, “1” indicates
the malfunction of the n-th satellite;

B1 — coefficient to determine AUT1: it is equal to the difference between UT1 and UTC
at the beginning of the day (NA), expressed in seconds;

B2 — coefficient to determine AUT1: it is equal to the daily change of the difference
AUT!1 (expressed in seconds for a mean sun day). These coefficients shall be used to
transform between UTC(SU) and UT1:
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AUTI1=UTC(SU) - UTI,
Where
UT1 — Universal Time referenced to the Mean Greenwich Meridian (taking
account of Pole motion),
UTC(SU) — Coordinated Universal Time of the Russian Federation State
Standard,
AUTI1=B1 + B2 x (NT = N*),

KP — notification of a forthcoming leap second correction of UTC (%1 s) as
shown:

KP UTC second correction data

00 No UTC correction at the end of the current quarter

01 UTC correction by plus 1 s at the end of the current quarter
11 UTC correction by minus 1 s at the end of the current quarter

Note.— GLONASS system timescale correction is usually performed once a year at
midnight 00 hours 00 minutes 00 seconds in accordance with the early notification of the
International Time Bureau (BIH/BIPM) at the end of a quarter:

from 31 December to 1 January — first quarter,
from 31 March to 1 April — second quarter,

from 30 June to 1 July — third quarter,

from 30 September to 1 October — fourth quarter.

NT — current date, calendar number of the day within the four-year interval starting
from | January in a leap year;

Note.— An example of NT transformation into the common form of current data
information (dd/mml/yy) is presented in ANS Technical Standards Part 11, 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; 01 refers to a GLONASS-M satellite;

P4 — flag to show that updated ephemeris parameters are present. ““1” indicates that an
updated ephemeris or frequency/time parameters have been uploaded by the control
segment;

Note.— Updated ephemeris or frequency/time information is transmitted in the next
interval after the end of the current interval th.
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P — technological parameter of control segment indicating the satellite operation mode
in respect of time parameters:

00 — tc parameter relayed from control segment, TGPS parameter relayed from
control segment;

01 — tc parameter relayed from control segment, TGPS parameter calculated
on-board the GLONASS- M satellite;

10 — tc parameter calculated on-board the GLONASS-M satellite; tGPS
parameter relayed from control segment;

11 — tc parameter calculated on-board the GLONASS-M satellite; tGPS
parameter calculated on- board the GLONASS-M satellite;

TGPS — correction to GPS time relative to GLONASS time:
where

AT is the integer part, and TGPS is the fractional part of the difference between the
system timescales expressed in seconds.

Note.— The integer part AT is determined from the GPS navigation message by the user
receiver.

M?*, — type of satellite n*: coding “00” indicates a GLONASS satellite, coding “01”
indicates a GLONASS-M satellite.

9.6.1.4.2 Additional data parameters. Additional data parameters are defined in Tables B-
17-A to B-18-A.

9.6.1.4.3 Location of additional 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

Parameter No. of bits Scale factor (LSB) Effective range Units

n 5 1 01031 Dimenstonless
Iy 1 1 0:1 Dimenstonless
Bl 11 i =09 seconds

B2 10 pik (<45103.5) %107 s/mean sua day
KP 2 1 Oto3 Dimensionless
N: 11 1 0to1461 days

N 5 1 11031 four-vear mnterval
Fr 4 See table B-17-B

M 2 1 Oto3 Dimenstonless
P4 1 1 0:1 Dimensionless
P 2 1 00.01.10.11 Dimensionless
Tes » by =19 %107 seconds
M, 2 1 Oto3 Dimensionless

Table B-17-B. FT word coding

Fr value Pseudorange accuracy. 1 sigma (m)
0 1
1 2
P 25
3 4
- 5
5 7
6 10
7 12
8 14
9 16
10 32
11 64
12 128
13 256
14 512
15 Not used
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Table B-18-A. Location of additional data words within the GLONASS-M navigation
message

String number within the
Word Number of bits superframe Bit mumber within the string
n 5 4.19.34.49. 64 11-15
I, 1 5.7.9.11.13.15, 20. 9

22,24, 26. 28, 30, 35.
37.39.41.43.45.50,
52.54. 56, 38. 60.
65.67.69,71.73.75

3.18,33.48.63 65
Bl 11 74 (within the superframe) 70-80
B2 0 74 (withun the superframe) 60— 69
KP 2 74 (within the superframe) 58-59
Nr 11 4.19.34.49. 64 16-26
N, 5 5.20.35.50. 65 32-36
Fr 4 4,19.34,49. 64 30-33
M 2 4.19.34.49.64 9-10

P4 1 4,19.34.49. 64 34
P 2 3,18.33,48.63 66— 67
1Gps 22 5. 20, 35. 50, 65 10-31
M4, 2 6.8.10,12. 14 78-79

Table B-19. Almanac partition within the superframe

Frame number Satellite mumbers, for which almanac is
within the superframe transmutted within given frame
1 ltos
2 6to 10
3 11015
4 16 to 20
5 21 to 24
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Table B-20. Almanac parameters coding
Number Scale factor
Parameter of bits (LSB) Effective range Units
M4, 2 . Oto3 dimensionless
T 28 a 41 seconds
N* 11 1 1to 1461 days
nt ] 1 1to24 dimensionless
H*: 5 1 0to31 dimensionless
e 21 p =1 semu-circles
A, 21 2’ 0 to 44 100 seconds
Aita 18 e =0.067 semu-curcles
AT % 22 2 3.6 x 10° seconds/revolution
AT 7 o =2 seconds/revolution’
e 15 27 0100.03 dimensionless
ot 16 e =1 semi-circles
tA 10 i =19 <107 seconds
M 1 1 Otol dimensionless

Table B-21. Arrangement of almanac parameters within the frame

Number String number Bit number
Parameter of bits within the frame within the string
M*a y. 6.8.10.12.14 78 - 79
T 28 5 42-69
N 11 5 70 -80
n* 5 6.8.10,12. 14 i
H* 5 7.9.11.13.15 10-14
A% 21 6.8.10.12. 14 42-62
A, 21 7.9.11.13.15 44-64
Ar's 18 6.8.10.12. 14 2441
AT 22 7.9.11.13.15 22-43
ATA 7 7.9.11.13.15 1521
et 15 6.8.10.12. 14 9-23
o™ 16 7.9.11.13.15 65— 80
tA 10 6.8.10.12. 14 63—172
Ch 1 6.8.10.12.14 80

Note.— Sting numbers of the first four frames within superframe are given. There are no
almanac parameters in 14th and 13th stiings of Sth frame.
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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.

Table B-22. Parity Checking algorithm

b85, b84. ..., b10, b9 are the data bats (position 9 to 85 1n the string):
B1, B2. ..., B8 are the check bits of the Hamming code (positions 1 to 8 in the string);
C1. €2, .... €7, ¢ are the checksums generated using the following:

1 =P S [T bilmoa2
1= 910,12, 13,15, 17. 19, 20, 22, 24, 26, 28. 30, 32, 34, 35, 37, 39, 41. 43, 45, 47,49, 51, 53,
55,57.59.61.63. 65, 66.68. 70, 72. 74,76, 78. 80, 82, 84.

C:=ﬁ:@[zjb,]md:
3 0= 9.11.12,14.15,18. 19,

21.22.25.26.29. 30, 33, 34, 36, 37, 40, 41. 44, 45, 48,4952, 53.
56.37.60. 61, 64.65. 67, 68. 71,

72.75,76.79.80. 83, 84.

¢ =P: O [Ty by Jnoar
k = 10 8.19, 23,2425, 26, 31, 32. 33, 34, 38.39,40. 41, 46, 47. 48, 49. 54, 55,

12.1 1
.62.63,64.65.69,70.71.72.77.78, 79. 80. 85

cs=Ps S [Z1 b)mod2
1 = 13,14,15.16.17.18.19.27,28.29.30,. 31,32, 33,34 42 43,4445 46,47 48,49 58 59,
60,61,62, 63.64.65 73.74.75,76.77.78.79. 80.

€5 =P 5O [Zn bu Jnoa2
m = 20,21,22 23 24,25, 26,27, 28, 29,3031, 32 33,34, 50,51, 52, 53, 54, 55, 56, 57. 58, 59,
60.61.62.63.64.65.81.82 83 84 85

s =Ps D [Zn bulmos2
n = 35,36.37.38.39,40.41.42 4344 45.46.47.48.49. 50,51, 52, 53. 54,55, 56, 57.58. 59,
60.61.62. 63,64, 65.

¢7=B79 [Zp bylmea
p = 66,6768 69 70,71,72,73,74,75,76,77,78.79. 80, 81, 82, 83, 84, 85.

e = [ZB o) moa2 @ [Z brlmea
q = 1.23,456.7.8
r = 9,10,11,12,13, 14, 15,16, 17, 18, 19, 20, 21, 22, 23, 24,25, 26, 27, 28, 29, 30, 31, 32, 33,
34.35,36,37.38,39,.40. 41,42, 43,44, 45,46.47. 48. 49, 50. 51, 52, 33, 54. 55, 56, 57. 38,
59,60, 61. 62, 63, 64. 63, 66, 67. 68. 69, 70, 71. 72,73, 74,75, 76, 77. 78, 79, 80, 81, 82, 83,
84, 85.
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9.6.2.1

9.6.2.1.1

962.12

9.6.2.2

9.62.2.1

where tk

96222

where

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 1 bit within
the string and to detect an error of 2 or more bits within a string.

Each string includes the 85 data bits where the 77 MSBs are data chips (b85,
b84, ..., bl0, b9), and the 8 LSBs are the check bits of Hamming code length
of 4 (8,7, ..., B2,p1).

To correct 1-bit errors within the string the following checksums are
generated: (cl, 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 errors and detecting multiple errors:

a) A string is considered correct if all checksums (cl, ..., ¢7, and cX) are
equal to “0”, or if only one of the checksums (cl, ..., ¢7) is equal to “1”
and cX is equal to “1”.

b) If two or more of the checksums (cl, ..., ¢7) are equal to “1” and cZ is
equal to “1”, then character “bicor” is corrected to the opposite character
in the following bit position:

“leor. = C7 C4Cs €4 €3 €, €, + 8 — K, provided that “i.,,” < 85,

where “c, ¢ €5 ¢4 ¢4 ¢, ¢, is a binary number generated from the checksums
(¢, ..., ;) with c1 being the LSB and c¢7 being the MSB. K is the ordinal

number of the 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.

¢) If at least one of the checksums (cl, ..., ¢7) is equal to “1” and cX is equal
to “0”, or if all checksums (¢, ..., ¢;) are equal to “0” but cyis equal to 17,
then there are multiple errors and the data shall be rejected.
SATELLITE CLOCK CORRECTION PARAMETERS
GLONASS system time is determined as:
toLonass = tk + Tn(tb) — yn(tb) (tk — tb)

, Tn(tb), yn(tb) are parameters described in 9.6.1.3.1.

GLONASS time is related to National Time Service of Russia (UTC(SU)) time
as indicated below:

turcsu) = toronass + Te— 03 hours 00 minutes

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  SATELLITE POSITION

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 (il
= Iti — tbl < 15 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:

dx
—=Vx
dy
dy
—_ V}v
dx
dz
—= Vz
dt
Vi w3 57, e
- ox —Slgr—sx l_r—3 +ox+ oV, +X
dvy w3, pa; 522 5 o xr s
& = nY PRI\ T ety Vit
dv, no 3 5 pa; 5z°
a _l'jz ‘JQTZ 1——]42
where
1= Jxityite \
w = earth’s universal gravitational constant (398 600.44 = 10° m'/s%);
a, = major semu-axis (6 378 136 m);
J, = second zonal harmonic of the geopotential (1 082 625.7 » 10): and
® = earth’s rotation rate (7.292115 x 10 radians/s).

Coordinates X;(t). Va(ts). Za(t), and velocity vector components X (t) = Vy, Va (t) = Vy. Za (t) = V; are imitial conditions for
the ntegration. Accelerations due to luni-solar perturbation X, (t,). ¥, (t). Z, (t,) are constant on the integration mterval
=15 nunutes.
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9.6.3 AIRCRAFT ELEMENTS
9.6.3.1 GNSS (GLONASS) RECEIVER

9.6.3.1.1 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.

9.6.3.1.3  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 — 1 or k = n + 1 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, t,) 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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964 TIME

9.6.4.1 For the GLONASS-M satellites, the navigation message shall contain the data
necessary to relate UTC(SU) time to UT1. GLONASS time shall be maintained
to be within 1 millisecond of UTC(SU) time after correction for the integer
number of hours due to GLONASS control segment specific features:

I'tgronass — (UTC + 03 hours 00 minutes) | < 1 ms

The navigation data shall contain the requisite data to relate GLONASS time to UTC
time (as maintained by the National Time Service of Russia, UTC (SU)) within 1
microsecond.

Note 1.— The timescales of GLONASS satellites are periodically compared with central
synchronizer time. Corrections to the timescales of GLONASS satellites relative to
GLONASS time and UTC (SU) time are computed at the GLONASS ground-based
control complex and uploaded to the satellites twice per day.

Note 2.— There is no integer-second difference 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 1’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 with 2-second epochs of corrected UTC timescale. GLONASS users are
notified in advance on these planned corrections. For the GLONASS-M satellites,
notification 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
(1 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, TGPS, shall not
exceed 30 nanoseconds (1 sigma).

Note.— The accuracy of tGPS (30 ns) is determined with reference to the GPS SPS
coarse acquisition signal and may be refined upon completion of trials of the GLONASS
system using GLONASS-M satellites.

9.6.5 COORDINATE SYSTEM

9.6.5.1 PZ-90 (Parameters of 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

9.6.52.1The following conversion parameters shall be used to obtain position
coordinates in WGS-84 (version G1674) from position coordinates in PZ-90
(Version PZ-90.11):

X 1 0.0097 x 107 0.2036 x 1077 0.003
Y =1-0.0097 x 10~? 1 00921 X 107°| X |Y +10.001
Zlwes-as  1-02036 X107 0.0921x107° Zlpz-90 0

Note 1.— X, Y and Z are expressed in metres. The difference between versions WGS-84
(G1674) and
PZ-90 (PZ-90.11) 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 11, Vol I, Attachment D, section 4.2 .9.3.

9.7 Combined use of GPS and GLONASS
9.7.1  AIRCRAFT ELEMENTS

9.7.1.1 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 Antenna(e). GPS and GLONASS signals shall be received through one or more
antennae.

Note.— Performance characteristics of 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.

9.7.1.3.1 The GLONASS satellite position, obtained in PZ-90 coordinate frame, 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  GPS/GLONASS time. When combining measurements from GLONASS 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 Aircraft-based augmentation system (ABAS)

Guidance on ABAS is given in Attachment D in the ANS Technical Standards Part 11,
Volume 1

9.9 Satellite-based augmentation system (SBAS)

9:9.1

GENERAL

Note.— Parameters in this section are defined in WGS-84.

992

9.9.2.1

9.9.2.2

9.9.2.3

9.9.24

RF CHARACTERISTICS

Carrier frequency 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 10! over 1 to 10 seconds.

Carrier phase noise. The phase noise spectral density of the unmodulated carrier
shall be such that a phase locked loop of 10 Hz one-sided noise bandwidth is
able to track the carrier to an accuracy of 0.1 radian (1 sigma).

Spurious emissions. Spurious emissions shall be at least 40 dB below the
unmodulated carrier power over all frequencies.

Code/carrier frequency coherence. The short-term (less than 10 seconds)
fractional frequency difference between the code phase rate and the carrier
frequency shall be less than 5 x 107" (standard deviation). Over the long term
(less than 100 seconds), the difference between the change in the broadcast code
phase, converted to carrier cycles by multiplying the number of code chips by 1
540, and the change in the broadcast carrier 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.

9.9.25

Correlation loss. The loss in the recovered signal power due to imperfections in
the signal modulation and waveform distortion shall not exceed 1 dB.

Note.— The loss in signal power is the difference between the broadcast power in a 2.046
MH7z 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

9.9.2.7

9928

9.9.29

Maximum code phase deviation. The maximum uncorrected code phase of the
broadcast signal shall not deviate from the equivalent SBAS network time
(SNT) by more than +2-20 seconds.

Code/data coherence. Each 2-millisecond symbol shall be synchronous with
every other code epoch.

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 1-second epoch of SNT.

Convolutional encoding. A 250-bit-per-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 1 023-bit Gold
code which is itself the Modulo-2 addition of two 1 023-bit linear patterns, Gl
and G2i. The G21 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 Gl
and G2 sequences shall be defined as the output of stage 10 of a 10-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 2,3,6,8,9and 10.
The initial state for the G1 and G2 shift registers shall be “1111111111".

Table B-23. SBAS PRN codes

PRN G2 delay First 10 SBAS chips
code number (chips) (Leftmost bit represents first
transmitted chip, binary)

120 145 0110111001

121 175 0101011110

122 52 1101001000

123 21 1101100101

124 237 0001110000

125 235 0111000001

126 886 0000001011

127 657 1000110000

128 634 0010100101

129 762 0101010111

130 355 1100011110

132 176 1010101111

133 603 0000100110

134 130 1000111001

135 359 0101110001

136 595 1000011111

137 68 0111111000

138 386 1011010111

139 797 1100111010

140 456 0001010100

141 499 0011110110

142 883 0001011011

143 307 0100110101

144 127 0111001111

145 211 0010001111

146 121 1111100010

147 118 1100010010

148 163 1100100010
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149
150
151
152
153
154
155
156
157
158

9923

9:9.3.1

9.9.3.2

9933

9.9.3.4

9:9.3.5

628 0101010011
853 0111011110
484 1110011101
289 0001011110
811 0010111011
202 1000010110
1021 0000000011
463 1110111000
568 0110010100
904 0010011101

DATA STRUCTURE

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.

Preamble. The preamble shall consist of the sequence of bits “01010011
10011010 110001107, distributed over three successive blocks. The start of
every other 24-bit preamble shall be synchronous with a 6-second GPS
subframe epoch.

Message type identifier. The message type identifier shall be a 6-bit value
identifying the message type (Types O to 63) as defined in Table B-24. The
message type identifier shall be transmitted MSB first.

Data field. The data field shall be 212 bits as defined in 9.9.6. Each data field
parameter shall be transmitted MSB first.

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*+x2 + x4+ xT+x" + x"+ x T+ +xP x4 1
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Table B-24. Broadcast Message types

Message type Contents
0 “Do Not Use™ (SBAS test mode)
1 PRN mask
2t05 Fast corrections
6 Integrity information
7 Fast correction degradation factor
8 Spare
9 GEO ranging function parameters
10 Degradation parameters
11 Spare
12 SBAS network tiume/UTC offset parameters
131016 Spare
17 GEO satellite almanacs
18 Tonospheric grid pomt masks
19t0 23 Spare
24 Mixed fast/long-term satellite error comrections
25 Long-term satellite error corrections
26 Tonospheric delay corrections
2/ SBAS service message
28 Clock-ephemens covanance matrix
29to 61 Spare
62 Reserved
63 Null message

9.9.3.5.3The CRC information field, M(x), shall be:

226

i
M()&)= Z rn’_XZZG-I — n]lx-..s + m:x--"' + s + ‘n226x0

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 m1 corresponds to the first
transmitted bit of the preamble, and m226 corresponds to bit 212 of the data

9.9.3:5:5

field.

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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994  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 51 of the 210 PRN mask values.
Note.— The first transmitted bit of the PRN mask corresponds to PRN code number 1.

Table B-25 PRN code number assignments

PRN code number Assignment
1-37 GPS
38-61 GLONASS slot number plus 37

62-119 Spare

120 - 138 SBAS

139-210 Spare
PRN code number Assignment
1-37 GPS
38 -61 GLONASS slot number plus 37
62-119 Spare
120 - 158 SBAS
159 - 210 Spare

PRN mask value: a bit in the PRN mask indicating whether data are provided for the
associated satellite PRN code number (1 to 210).

Coding: 0 = data not provided
1 = data provided

PRN mask number: the sequence number (1 to 51) of the mask values set in the PRN
mask.

Note.— The PRN mask number is “1” for the lowest satellite PRN number for which the
PRN mask 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 1 message;
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b) PRN mask number in Type 24, 25 and 28 messages;

¢) PRN code number in Type 17 message; and
d) IODPinTypelto5,7, 24,25 and 28 messages.

9.9.4.2 Geostationary orbit (GEQO) ranging function parameters. GEO ranging function
parameters shall be as follows:

ty6e0 the reference time for the GEO ranging function data, expressed as the time after
midnight of the current day.

[XYsZgl: the position of the GEO at time t; g0

[XcYZg]: the velocity of the GEO at time t) o

[X5YgZG]: the acceleration of the GEO at time tygg -

agp. the time offset of the GEO clock with respect to SNT, defined at t, g ..
agyp: 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

URA Accawracy (rms)
0 2m
1 28m
2 4 1m
3 57m
4 8m
5 11.3m
6 16 m
7 32m
8 64 m
9 128 mn
10 256 m
11 512 m
12 1024 m
13 2048 m
14 4 096 m
15 “Do Not Use™

Note.— URA values 0 to 14 are not used in the protocols
for data application (3.5.5). Airborne receivers will not use
the GEO ranging function if URA indicates “Do Not
Use”(3.5.8.3).
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9.9.43 GEO almanac parameters. GEO almanac parameters shall be as follows:
PRN code number: see 3.5.4.1.

Health and status: an indication of the functions provided by the SBAS. The service
provider identifiers are shown in Table B-27.

Coding:  Bit0 (LSB) Ranging On (0) Off (1)
Bit 1 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 14 is used for GBAS and is not applicable to SBAS.
[XGAYGaZGal: the position of the GEO at time t,,,nc-
[X6aYGaZgal:: the velocity of the GEO at time t,,0qc-

tumanae. the reference time for the GEO almanac data, expressed as the time after midnight
of the current day.

Note.— All parameters are broadcast in Type 17 message.
9.9.4.4 SATELLITE CORRECTION BROADCAST PARAMETERS
9.9.4.4.1 Long-term correction parameters shall be as follows:

Issue of data (IOD,): an indicator that associates the long-term corrections for the ith
satellite with the ephemeris data broadcast by that satellite.

Note 1.— For GPS, the 10Di matches the IODE and 8 LSBs of the IODC (9.5.3.1.4 and
95.1322).

Note 2.— For GLONASS, the I0Di 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.

Oxi: for satellite i, the ephemeris correction for the X axis.
dyi: for satellite i, the ephemeris correction for the y axis.
Ozi: for satellite i, the ephemeris correction for the z axis.

dai f0: for satellite i, the ephemeris time correction.
O xi: for satellite i, ephemeris velocity correction for x axis.

O'yi: for satellite i, ephemeris velocity correction for y axis.
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O’ zi: for satellite i, ephemeris velocity correction for z axis.
dai f1: for satellite i, rate of change of the ephemeris time correction.
1i,LT: the time of applicability of the parameters Oxi, Oyi, dzi, 6ai,f0, 0x" i, Oy" i, 0z'i and
dai 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=0x"1,dy 1i,0z'i and dai,f1 are not broadcast.
1 =0x" 1,0y i,0z'iand dai,fl are broadcast.
Note.— All parameters are broadcast in Type 24 and 25 messages.

Table B-27. SBAS service provider identifiers

Tdentifier Service provider

WAAS
EGNOS
MSAS
GAGAN
SDCM
Spare
Reserved

O b wito — O

h
-

Table B-28. IODi for GLONASS satellites

MSB LSB

Validity mterval (5 bits) Latency tume (3 bats)

9.9.4.4 2 Fast 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 tropospheric corrections (9.9.84.2 and
9.9.84.3).
Fast correction type identifier: an indicator (0, 1, 2, 3) of whether the Type 24 message

contains the fast correction and integrity data associated with the PRN mask numbers
from Type 2, Type 3, Type 4 or Type 5 messages, respectively.
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Issue of data-fast correction (IODFj): an indicator that associates UDRElis with fast
corrections. The index j shall denote the message type (j = 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.

9.9.45 Fast and long-term correction integrity parameters. Fast and long-term
correction integrity parameters shall be as follows:

UDREI;: an indicator that defines the 02, g for satellite i as described in Table B-29.

Model variance of residual clock and ephemeris errors (02, ,pgg): the variance of a
normal distribution associated with the user differential range errors for satellite i after
application of fast and long-term 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 Ionospheric correction parameters. lonospheric correction parameters shall be
as follows:

IGP mask: a set of 11 ionospheric grid point (IGP) band masks defined in Table B-30.

IGP band mask: a set of IGP mask values which correspond to all IGP locations in one of
the 11 IGP bands defined in Table B-30.

Table B-29 Evaluation of UDREI;

UDREL i vosz

0 0.0520 m*

1 0.0924 m*
2 0.1444 m’
3 0.2830 m’
4 0.4678 m’
5 08315 m’
6 1.2992 m*
7 1.8709 m’
8 2.5465 m’
9 3.3260 m’
10 5.1968 m*
11 20.7870 m®
12 230.9661 m’
13 2 078.695 m°
14 “Not Monitored™

15 “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
1 = data are provided

Number of IGP bands: the number of IGP band masks being broadcast.

IGP band identifier: 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 15 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-31.

Latency time (L): the time interval between the time the last GLONASS ephemeris has
been received by the ground segment and the time of transmission of the first bit of the
long-term correction message at the GEO(tltc) as described in Table B-32.

[ODI,: an indication of when the kth IGP band mask changes.

IGP vertical delay estimate: an estimate of the delay induced for a signal at 1 575.42
MHz if it traversed the ionosphere vertically at the IGP.

Coding: The bit pattern “111111111” indicates “Do Not Use”.
GIVEIi: an indicator that defines the 02
i1,GIVE as described in Table B-33.

Model variance of residual ionospheric errors (62i,GIVE): the variance of a normal
distribution associated with the residual ionospheric vertical error at the IGP for an L1
signal.

Note.— All parameters are broadcast in Type 18 and Type 26 messages.

Table B-30. IGP locations and band numbers

Transmission order
IGP location IGP band mask

Band 0

180W 758, 638, 558, 508, 458, ... 45N, 50N. 35N, 65N, 75N, 85N 1-28
15W 358, 508, 458, ..., 45N, 50N, 55N 29-351
170w 758, 658, 538, 508, 458, ..., 43N, 50N, 35N, 65N, 75N 52-78
165W 538,508, 458, ... 45N, 50N, 55N 79-101
160 W 758,658, 538, 508, 458, ... 45N, 50N, 55N, 65N, 75N 102-128
15W 558, 508, 458, ... 45N, 50N, 55N 129-151
150 W 758,658, 558, 508. 458, .... 45N, 50N. 35N, 65N, 75N 152-178
145w 558, 508, 438, ..., 43N, 30N, 55N 179-201
Band 1

140W 858,758, 658. 338, 508, 45S. ..., 45N, 50N, 35N, 63N, 75N 1-28
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Transnussion order in

IGP location IGP band mask
135W 538, 508, 43S, .... 45N, 50N, 55N 29-51
130W 758, 638, 558, 50S. 458, ..., 45N, 50N, 35N, 65N, 75N 52-78
125W 555,508,455, . 45N, 50N, 55N 79-101
120W 758,658, 558, 508, 458, ... 45N, 50N, 55N, 65N. 75N 102-128
15w 338, 508, 458, ... 43N, 50N, 55N 129-151
1H0W 758, 655, 558, 508, 45S. ... 45N, 50N, 55N, 65N, 75N 152-178
105W 358, 508, 458, ... 45N, 50N, 55N 179 -201
Band 2
100 W 758, 658, 558, 508,455, ... 45N, 50N, 55N, 65N, 75N 1-27
95 W 538, 508, 458, ..., 45N, 50N, 55N 28-50
0w 755,655,555, 50S, 455, ... 45N, 50N. 55N, 65N. 75N, 85N 51-78
8HW 558,508, 458, ... 45N, 50N, 55N 79-101
W 755,638, 558, 508, 45S. ... 45N, 50N, 55N, 65N, 75N 102-128
BW 358,508, 45S. ... 45N, 50N, 55N 129-151
oW 758,638, 555, 508, 458, ... 45N, 50N, 35N, 65N, 75N 152-178
65 W 358, 508, 458, ... 45N, 50N, 55N 179-201
Band 3
60 W 758, 655, 35S, 508, 45S. ..., 45N, 50N, 55N, 65N. 75N 1-27
NW 358, 508, 458, ... 45N, 50N, 55N 28-50
0w 855, 755,635,558, 508, 45, ..., 45N, 50N, 55N, 65N. 75N 51-78
4HW 358, 508, 455, ... 45N, 50N, 55N 79-101
40w 758, 635, 558, 508, 45S. .. 45N, 50N, 55N, 65N, 75N 102-128
W 558, 508. 458, ..., 45N, 50N, 55N 129 -151
EIANY 758, 638, 538, 508,455, .. 45N, 30N, 55N. 65N, 75N 152-178
BW 558,508, 458, ..., 45N, 50N, 55N 179 -201
Band 4
20W 758, 635. 558, 508, 45S. ... 45N, 50N, 55N, 65N, 75N 1-27
W 555,508,458, ... 45N, 50N, 55N 28-50
10W 758, 658, 358, 508, 455, ... 45N, 50N, 55N, 65N. 75N 51-77
SW 358, 508, 458, ... 45N, 50N, 55N 78100
0 758, 638, 555, 505, 45S, ... 45N, 50N, 55N. 65N, 75N, 85N 101-128
SE 538,508, 435, ... 45N, 50N, 35N 129-151
10E 758, 638, 558, 508, 455, ... 45N, 50N, 55N, 65N, 75N 152-178
I5E 558, 508, 43S, ... 45N, 50N, 55N 179 -201
Band 5
20E 755,658,555, 508, 455, .. 45N, 50N. 55N, 65N. 75N 1-27
25E 355,308,455, . 45N, 50N, 55N 2850
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Transmussion order
IGP band mask

30E

o
o
7

508, 458, ... 45N, 50N, 55N. 65N, 75N

51-71

35E

h
7
o

... 45N, 50N, 35N

78-100

40E

~

558,508, 458, ..., 45N, 50N. 55N, 65N, 75N

7

101 -128

45E

| o | |
wn N

17g

... 45N, 50N, 55N

129-151

S0E

wn
wn
o

505,455, ... 435N, 50N. 53N, 65N.

@

152-178

55E

‘u.
&

S. ... 45N, 50N, 55N

179 -201

Band 6

60E

1-27

65E

5S. 50S.458. ..., 45N, 50N.
... 45N 50N, 55N

28-30

70E

58,508, 455, ... 45N, 50N,

51-71

SE

S. ... 45N, 50N, 55N

78-100

80E

558. 50S. 458, ..., 45N. 50N. 55N. 65N. 75

101-127

$5E

S. ... 45N. 50N, 55N

128 -150

9E

, 508, 458, ... 45N, 50N,

151-178

95E

. ... 45N, 50N. 55N

179 -201

Band 7

100E

58, 508, 458. ..., 45N, 50N. 5

1-27

105E

. ... 43N, 50N, 55N

28-350

110E

, 308,455, . 45N, 50N,

51-77

115E

. .. 45N, 50N, 55N

78 -100

120E

508,435, . 45N, 50N,

101-127

125E

128 -150

130E

555,508,458, ... 43N, 30N, 55N, 65N, 75N

151-178

135E

S, ... 45N, 50N, 55N

179 -201

Band 8

140E

5S. 508, 43S. ..., 45N. 50N.

1-27

145E

... 45N, 50N, 55N

28-50

I50E

. 508,458, ... 45N, 50N, 35N, 65N, 75N

51-77

I55E

5S. ... 45N, 50N, 55N

78-100

160 E

. 508455, ..., 45N, 50N. 55N. 65N. 75N

101-127

165E

S. ..., 45N. 50N, 55N

128 -150

170E

58,508, 458, ... 45N, 50N, 55N. 65N, 75N

151-177

175E

. ... 45N, 50N, 55N

178 - 200

Band 9

60N

170W. ..., 165E. 170E. 175E

1-712

65N

160W. .... 150E. 160E, 170E

73-108

70N

160W. ... 150E. 160E, 170E

109 - 144
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Transmission order m

IGP location IGP band mask
5N 180W, 170W, 160W, ... 150E. 160E. 170E 145-180
85N 180W, 150W, 120W, ..., 90E, 120E, 150E 181 -192
Band 10
60 S 180W, 175W, 170W, .., 165E. 170E, 175E 1-72
65S 180W, 170W, 160W, .. 150E, 160E, 170E 73-108
708 180W, 170W, 160W., ..., 150E, 160E. 170E 109 - 144
758 180W, 170W, 160W. ..., 150E. 160E. 170E 145-180
858 170W. 140W, 110W, ... 100E. 130E. 160E 181 -192

Table B-31. Validity interval

Data Bits used Range of values Resolution
Validity nferval (V) 5 305109605 30s

Table B-32. Latency time

Data Btz used Range of values Resoluton

Latency time (L) 3 Osto120s 30s

Table B-33. Evaluation of GIVEIi

G aIvE

GIVEL
0 0.0084 m’
1 0.0333 m’
2 0.0749 m*
3 0.1331 m’
4 0.2079 m’
5 0.2004 o’
6 0.4075 v’
7 05322 o’
8 0.6735 m’
0 08315 m’
10 1.1974 m’
11 1.8709 m’
12 3.3260 m’
13 20,787 m*
14 187.0826 m’

“Not Monitored™

[y
W
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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 fast 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-off errors when computing the range
rate correction degradation as in 9.9.5.6.2.2.

Cltc_Isb: 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.

lltc_v1: the update interval for long-term corrections if velocity code = 1 (9.9.4.4.1).

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
(9944.1).

CGEO_Isb: 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 correction degradation Fast comrection degradation

factor indicator (ag) factor (a;)
0 0.0 mm/s”
1 0.05 mm/s”
2 0.09 mm/s’
3 0.12 mm/s’
4 0.15 mm/s’
3 0.20 mmy/s”
6 0.30 mm/s’
7 0.45 mm/s’
8 0.60 mm/s’
9 0.90 mm/s”
10 1.50 mm/s’
11 210 mm/s’
12 270 mm/s’
13 3.30 mmy/s’
14 4 60 mm/s
15 5.80 mm/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.

liono: 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
1 = 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 1.— The parameters ai and tlat are broadcast in Type 7 message. All other
parameters are broadcast in Type 10 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 -
second resolution).

Table B-35 UTC standard Identifier

UTC standard
identifier UTC standard

0 UTC as operated by the Communications Research
Laboratory. Tokyo. Japan

1 UTC as operated by the U.S. National Institute of
Standards and Technology

2 UTC as operated by the U.S. Naval Observatory

3 UTC as operated by the International Bureau of Weights
and Measures

4 Reserved for UTC as operated by a European laboratory

5t06 Spare
7 UTC not provided

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

1 = GLONASS time parameters are provided

GLONASS time offset (0ai, 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, 0ai, GLONASS is not applicable.

UTC parameters: AISNT, AOSNT, tOt, WNt, AtLS, 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 in Type 12 message.

9.9.49 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 1.)

Service message number: a sequential number identifying the message within the
currently broadcast set of Type 27 messages (from 1 to number of service messages,
coded with an offset of 1).

Number of 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 SUDRE takes precedence.

OUDRE indicator-inside: an indication of regional UDRE degradation factor (OUDRE)
applicable at locations inside any region defined in the message, in accordance with
Table B-36.

OUDRE indicator-outside: an indication of regional UDRE degradation factor (OUDRE)
applicable at locations outside all regions defined in all current Type 27 messages, in
accordance with Table B-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 1.— Coordinate 3 has Coordinate 1 latitude and Coordinate 2 longitude. If region
is a quadrangle, Coordinate 4 has Coordinate 2 latitude and Coordinate 1 longitude.
Region boundary is formed by joining coordinates in the sequence 1-2-3-1 (triangle) or
1-3-2-4-1 (quadrangle). Boundary segments have either constant latitude, constant
longitude, or constant slope in degrees of latitude per degree of longitude. The change in
latitude or longitude along any boundary segment between two coordinates is less than
+180 degrees.

Note 2.— All parameters are broadcast in Type 27 message.
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Table B-36 SUDRE indicator evaluation

SUDRE indicator SUDRE
0 1
1 1.1
2 1.25
3 1.5
4 2
5 3
6 4
7 5
8 6
9 8
10 10
11 20
12 30
13 40
14 50
15 100

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 exponent: A term to compute the scale factor used to code the Cholesky
factorization elements.

Cholesky factorization elements (Eij): Elements of an upper triangle matrix which
compresses the information in the clock and ephemeris covariance matrix. These
elements are used to compute the user differential range estimate (UDRE) degradation
factor (OUDRE) 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-aircraft 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).

9.9.5.1 GEO POSITION AND CLOCK

9.9.5.1.1 GEO position estimate. The estimated position of a GEO at any time 7k is:

Xs] Xs] [%e 1 Xq .
Yol=|Ye|+|Ys (t‘to,cso)+5 Yo (t‘tovuso)
25 Zg Zs 7o
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995.1.2GEO clock correction. The clock correction for a SBAS GEO satellite i is
applied in accordance with the following equation:
t=t;—Atg
where

t = SBAS network time;
tgz = GEO code phase time at transmission of message; and
At = GEO code phase offset.

99.5.1.2.1 GEO code phase offset (At;) at any time 7 is:

Atg = agp + agy (L= togeo)

where (t — t, ggo) is corrected for end-of-day crossover.

9.9.5.2 LONG-TERM CORRECTIONS

9.9.52.1GPS clock correction. The clock correction for a GPS satellite 7 is applied in
accordance with the following equation:

t=toy;— [(Atgy s + OAtsy;]

where

t = SBAS network time;

tgv1 = the GPS satellite time at transmission of message;

(Atgy )., = the satellite PRN code phase offset as defined in 9.5.2.2; and

OAtsy ; = the code phase offset correction.

99.52.1.1 The code phase offset correction (0Atgy ;) for a GPS or SBAS satellite i at
any time of day ¢, is:

OAtgy ;= da; g+ Oaygy (t — tiyy)

9.9.522GLONASS clock correction. The clock correction for a GLONASS satellite 7 is
applied in accordance with the following equation:

U= toy; + To(ty) — Yalt)tsy; — ty) — OALgy;
where

t = SBAS network

tgy; = the GLONASS satellite time at transmission of message

ty, To(ty), Ya(t,) = the GLONASS time parameters as defined in 9.6.2.2
OAtgy; = the code phase offset correction

The code phase offset correction AtSV i for a GLONASS satellite i is:
OAtgy; = Oy + 825 (t — ti 1) + Oa; 6L onass
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where (t — t;; 1) is corrected for end-of-day crossover. If the velocity code = 0, then d,,;, =
0.

9.9.5.2.3Satellite position correction. The SBAS-corrected vector for a core satellite
constellation(s) or SBAS satellite i at time ¢ is:

X; 8Xi 6}.{‘

Yi| + |8y [+ 89 | (t-tyr)
Lilcomeced LG bz 8z;

where

(t =t 7) is corrected for end-of-day crossover; and

[xi yi zi]" = the core satellite constellation(s) or SBAS satellite position vector as defined
in9.523,9623and99.5.1.1.

If the velocity code = 0, then [8x; 8y; dz,]"=[0 0 0]".

9.9.5.3 Pseudo-range corrections. The corrected pseudo-range at time 7 for satellite 7 is:

PR comecied = PRy + FCi + RRC, (1 =t 09) + IC, + TG

where
PR, = the measured pseudo-range after application of the satellite clock correction:
FC; = the fast correction;
RRC, = the range rate correction;
I1C; = the ionospheric correction;
TG = the tropospheric correction (negative value representing the troposphere delay): and
tior = the time of applicability of the most recent fast corrections. which is the start of the epoch of the SNT second

that 1s comcident with the transnussion at the SBAS satellite of the first symbol of the message block.

9.9.5.4 Range rate corrections (RRC). The range rate correction for satellite 7 is:

Fci.mrtent B Fcl,pmrlous

Jdfa 0
RRC; = tior - tl.Of_previous
0, ifa,=0
where
FC, current = the most recent fast correction;
FC; previous = a previous fast correction;

tior = the time of applicability of FC, . ene
ti 0¢_previous the time of applicability of FC;.n.; and
a; = fast correction degradation factor (see Table B-34).
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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 (¢ppp) and longitude (App).

9.9.5.5.2lonospheric corrections. The ionospheric correction for satellite i is:

IC; = - Fppoupp
where
Recos8) 2
F, = obliquity factor=|1 - ( - ') )
o quity R.+1,
T,p,p = interpolated vertical ionospheric delay estimate (9.9.5.5.3);

Re =6 378.1363 km;
0i = elevation angle of satellite i; and
h; = 350 km.

Note.— For GLONASS satellites, the ionospheric correction (ICi) is to be multiplied by
the square of the ratio of the GLONASS to the GPS frequencies (f[GLONASS/fGPS)2.
9.9.5.5.3 Interpolated vertical ionospheric delay estimate. When four points are used for

interpolation, the interpolated vertical ionospheric delay estimate at latitude
¢, and longitude A is:

4
r\];pz z WL Tk
k=l

where

- the broadcast grid point vertical delay values at the k™ comer of the IGP grid. as shown in Figure B-13,

W= Vi

Wy =(1-Xg) V.

Wi =(1-Xg) (1 - yp): and
Wy=xp (1-¥p).
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9.9.5.53.1 For IPPs between N85° and S85°:
App 3
p 900 X (1 2YPP)+ypp
where

} 1 = longitude of the second IGP to the east of the [PP;
= longifude of the second IGP to the west of the [PP;
longitude of the closest IGP to the west of the IPP; and
+= longifude of the closest IGP to the east of the [PP.

M
1
a
J

Note.— If h I and ) 2 cross 180 degrees of longitude, the calculation of xpp must account
Jfor the discontinuity in longitude values.

9.9.553.2 For IPPs north of N85° or south of S85°:

|pp|-85°
yp]J: p;,_'{)o

Aplb"}‘S .
Xpp~= 90° X(l—Zpr)+ypp

where

A1 = longitude of the second IGP to the east of the IPP:

).» = longitude of the second IGP to the west of the IPP;

) ; = longitude of the closest IGP to the west of the IPP; and
)4 = longitude of the closest IGP to the east of the IPP.

When three points are used for interpolation, the interpolated vertical ionospheric delay
estimated is:
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9.9.55.3.3  For points between S75° and N75°:

3
Typp= Z vvk Tvk

k=1
where
Wi =¥
W; = Xgp.

995534 xpp and ypp are calculated as for four-point interpolation, except that A 1
and ¢1 are always the longitude and latitude of IGP2, and A2 and ¢2 are the
other longitude and latitude. IGP2 is always the vertex opposite the
hypotenuse of the triangle defined by the three points, IGP1 has the same
longitude as IGP2, and IGP3 has the same latitude as IGP2 (an example is
shown in Figure B-14).

9.9.5.53.5 For points north of N75° and south of S75°, three-point interpolation is not
supported.

9.9.5.5.48election of ionospheric grid points (IGPs). The protocol for the selection of
IGPs is:
a) For an IPP between N60° and S60°:

1) 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 10-degree-by-10-degree cell around the IPP are set
to “1” 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.
b) For an IPP between N60° and N75° or between S60° and S75°:

1) if four IGPs that define a 5-degree-latitude-by-10-degree longitude 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-latitude-by-10-degree longitude triangle
that circumscribes the IPP are set to “1” in the IGP mask, they are selected; else,

3) if any four IGPs that define a 10-degree-by-10-degree cell around the IPP are set
to “1” 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.
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¢) For an IPP between N75° and N85° or between S75° and S85°:

1) if the two nearest IGPs at 75° and the two nearest IGPs at 85° (separated by 30°
longitude if Band 9 or 10 is used, separated by 90° otherwise) are set to “1”" in
the IGP mask, a 10-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 75°; else,
2) an ionospheric correction is not available.
d) For an IPP north of N85°:

1) if the four IGPs at N85° latitude and longitudes of W180°, W90°, 0° and E90°
are set to “1” in the IGP mask, they are selected; else,

2) an ionospheric correction is not available.
e) For an IPP south of S85°:

1) if the four IGPs at S85° latitude and longitudes of W140°, W50°, E40° and
E130° are set to “1”" 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 provided.

9.9.5.6 Protection levels. The horizontal protection level (HPL) and the vertical
protection level (VPL) are:

Ky X Qosgor for en-route through non-precision approach (NPA) modes
Kyspa Xdopsior for precision approach (PA) and approach with vertical guidance (APV) modes

HPLSB.-'\S =
VPLiss = Kypy ¥ dy

where

=YX, 52,07 = variance of model distribution that overbounds the true error distribution in the vertical axis;

| |

dmﬁjd‘;—f‘—?\](di%): HY:
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where

d2=YN sZe! = variance of model distribution that overbounds the true error distribution in the x axis;

d2=yX,ske!  =variance of model distribution that overbounds the true error distribution in the y axis;

A= il SxiSy:07 = covariance of model distribution in the X and y axis;

where

Sxi

Svi =

3
¢, =

the partial derivative of position eror in the x-direction with respect to pseudo-range emror on the i*
satellite;

the partial derivative of position error in the y-direction with respect to pseudo-range error on the i
satellite;

the partial derivative of position error in the vertical direction with respect to pseudo-range error on the i*
satellite; and

3 5 5 s
Gt OLURE ™ O iar ™ 0 Lropo-

The variances (", and 0*yyz) are defined in 3.5.5.6.2 and 3.5.5.6.3.1. The parameters (0" and 07y yopo) are determined by
the aircraft element (3.5.8.4.2 and 3 5.8.43).

The x and v axes are defined to be in the local horizontal plane, and the v axis represents local vertical

For a general least-squares position solution. the projection matrix S is:

where

Sur Sxz o Sy
[ S Sl 1y T
S:Sv.x Sz Sv,n_(G XxWxG)t x G xW
S S S

G = [«osEl cos Az, —os El, sm Az, s E}; 1] = 2 row of G;

w, 0 .0
W= 0 Wy .. 0
0 . W

El, = the elevation angle of the i* ranging source (in degrees);

Az
W

the azimuth of the i* ranging source taken counter-clockwise from the x axis in degrees; and
the mverse weight associated with satellite i = o7,

Note 1. The variances (0 and 0y, y;pe) are defined in 9.9.56.2 and 9.9.5.6.3.1. The
parameters (0, and 05,,,) are determined bythe aircraft element (9.9.84.2 and

9.9.84.3).

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 matrix is an identity

matrix (wi = 1).

9.9.5.6.1 Definition of K values. The K values are:
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KH_I\?.-\ =6.18;
KﬂpA =6.0; and
Kyps =533

9.9.5.6.2 Definition 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:

 ([(0uuome) Bue) + €6+ e+ 6]+ 5 RSStmae =0 (Message Type 10)
ifit = ; » S I a . o _SAam \
- [(008e) (Buppe)] + 8% + €pc % c 6% 51 RSSupge = 1 (Message Typel0)

where

if using message Type 27, Oypge: IS a region-specific term as defined in section 9.9.4.9,
if using message Type 28, Oypge: 1S a satellite-specific term as defined in section
995625,

if using neither message, Oypgg = 1.

If fast corrections and long-term corrections/GEO ranging parameters are applied, but
degradation parameters are not applied:

Ozi,ﬂlz [(0; upre) (Oupre) + 8m|’

99.5.6.2.1 Fast correction degradation. The degradation parameter for fast correction
data is:

alt-ty+ty)?
Efe— 5

Where

t = the current time;

t, = (UDREIi reference time): if IODFj #3, the start time of the SNT I-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 1-
second epoch that is coincident with the start of transmission of the message that contains
the fast correction for the ith satellite; and

t = (as defined in 9.94.7).

Note.— For UDREs broadcast in Type 2 to 5, and Type 24 messages, tu equals the time
of applicability 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 (t0f). For UDREs broadcast in Type 6 message and 10DF # 3, tu
is defined to be the time of transmission of the first bit of Type 6 message at the GEO.
99.5.6.2.2 Range rate correction degradation

99.5.6.2.2.1 If the RRC =0, then errc = 0.

9.9.5.6.2.2.2 If the RRC # 0 and IODF # 3, the degradation parameter for fast
correction data is:

0 51 (IDF_,-10DF g MOD3 =1
e[l B
( S ) (tty), 5 I0DF, ,-I0DF g MOD3 2
4 At
0.9.5.6.2.2.3 If RRC # 0 and IODF = 3, the degradation parameter for range rate
data is:
. Ie| _
0, si lAt—7l =
Emc= At-
( | 3 YI )(t-tm) si 'At~—’¢0
where
t = the current fime;
IODF ey = IODF associated with most recent fast correction;
IODFpeviews = IODF associated with previous fast correction;
At = Ile—(Lof_p(mau;Iand
I = the user time-out interval for fast corrections.
995623 Long-term correction degradation

9.9.5.6.2.3.1 Core satellite constellation(s)

995623.1.1 For velocity code = 1, the degradation parameter for long-term
corrections of satellite i is:

0 iftyy <t<tprtlyy
™ |Ciessr * Coc o max (04 =t =tirr =l 1), otherwise
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995623.12 For velocity code = 0, the degradation parameter for long-term
corrections is:

't)tr
€1te=Cpe m]

where
t = the cument time;
tye = the time of transmission of the first bit of the long-term correction message at the GEO; and
[x] = the greatest integer less than x.
9.9.5.6.2.3.2 GEO satellites. The degradation parameter for long-term corrections is:
b= 0. ifty gzo <t <togzo * lezo
Ceso b~ Coro_y X (0t gzp — £ £~ tozo ~ Igwo). otherwise

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.

99.5.624  Degradation for en-route through non-precision approach

(0, nether fast nor long-term corrections have timed out for precision approach approach with vertical guidance
fr= G 1f fast or long-tem corrections have timed out for precision approach/approach with vertical guidance
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995625 UDRE degradation factor calculated with message Type 28 data. The

OUDRE is:
Supre=vV1-C-I+g
where
iy
1 = |¥
12
1

Ly
[k] = the unit vector from the user to the satellite in the WGS-84 ECEF coordinate frame

C = R''R

£c = Ceovaniance - SF

SF - ~scale exponent-5

R = E-SF
Eir Ei2 Eiz Epg

E 0 Ex» Ez; Esg
0 0 Ess Eas
0 0 0 E,

9.9.5.6.3 Definition of lonospheric Correction Error Model

9.9.5.6.3.1  Broadcast lonospheric corrections. If SBAS-based ionospheric corrections
are applied, ,’yre is:

2 _ 2
o URe = Fapp X 0 y1ve

where

F = (as defined in 9.9.5.5.2);

pp

e W .ol 2 _ w3 e o2
Ohve = Xon=1 Wa * O jonogrid OF Oive = La=1 Wa - O janogrid

using the same ionospheric pierce point weights (Wn) and grid points selected for the
ionospheric correction (9.9.5.5).
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If degradation parameters are used, for each grid point:

2 e
(on,mvg + sim) , 1fRSS;,, = 0(Type 10 message)

Opjonogrid = .
- Gicwg + &hnos ifRSS, ;= 1(Type 10 message)

where

o t- (mnn . \
Eion0 = C tono_step { 1 +C xono_nmp“ = Liono )
wono

t  — the current time:
tima =  the time of transmission of the first bit of the 1onospheric correction message at the GEO: and
[x] = the greatest integer less than x.

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:

[¢] =0
n,ionogrid n,GIVE

iono

the square of the ratio of the GLONASS to the GPS frequencies (fGLONASS/fGPS)2.

Note.— For GLONASS satellites, both 0,y and ¢,,,,parameters are to be multiplied by

Ionospheric corrections. If SBAS-based 1onospheric corrections are not applied. i i

5 Tlono 2
Oyre=MAX ( S ) '(Fpp'rvm)

Tiono = the ionospheric delay estimated by the chosen model (GPS correction or other
model);
F,, = (as defingd in 9.9.5.52);

9m, 0£‘|¢pp| < 20
Toerr = 4 4:5M, 20<|¢pp| <55y
6m, 55<|¢pp|

opp = 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, 0*UIRE is:

2 , T, \2 2
GGIRE=MA‘X{( ]gm) '(Fpp'rmn) }

where

Tiono = the 10nospheric delay estimated by the chosen model (GPS correction or other model):
= (as defined in 3.5.5.5.2):
9m, 0= |dpp| = 20
Trert = {45m, 20<|dy,| <55y
6m,  55<|dp
¢pp = latitude of the 1onospheric pierce point.

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 range for the signed parameters is smaller than indicated, as the maximum
positive value is constrained to be one value less (the indicated value minus the
resolution).

Table B-37: Type 0 “Do Not Use” message

Data content Bits used Range of value: Resolution

Spare 212 — -

Table B-38. Type 1 PRN mask message

Data content Bits used Range of values Resclunon

For each of 210 PRN code numbers
Mask value 1 Oorl 1
IODP 2 0to3 1

Note.— All parameters are defined in 9.9.4.1.
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Table B-39. Types 2 to 5 fast correction message

Data content Buts used Range of values Rezolution
IODF; 2 Oto3 1
I0DP 2 Oto3 1
For 13 slots
Fast correction (FCy) 12 =256.000 m 0.125m
For 13 slots
UDREI; 4 (see Table B-29) (see Table B-29)
Notes.—
1. 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 UDREI is defined in 9.9.4.5.
Table B-40. Type 6 integrity message
Data content Bats used Range of values Resolution
IODF, 2 Oto3 1
IODF; 2 Oto3 1
IODF: 2 Oto3 1
IODF; 2 Oto3 1
For 51 satellites (ordered by PRIN mask number)
UDREL 4 (see Table B-29) (see Table B-29)
Notes.—

1. The parameters IODFj are defined in 9.9.4.4.2.
2. The parameter UDREIi is defined in 9.94.5

Table B-41. Type 7 fast correction degradation factor message

Data content Buts used Range of values Resolution
System latency (tiy) 4 Otol5s s
10DP 2 Oto3
Spare 2 - —
For 51 satellites (ordered by PRN mask number)
Degradation factor indicator
(ai;) 4 (see Table B-34) (see Table B-34)
Notes.—

1. The parameters tlat and aii are defined in 9.9.4.7.
2. The parameter IODP is defined in 9.9.4.1.



Kenya Subsidiary Legislation, 2018

2241

Table B-42. Type 9 ranging function message

Data content Bats used Range of values Resolution
Reserved 8 — —
to.GE0 13 010863845 16
URA 4 (see Table B-26) (see Table B-26)
X6 30 =42040673 m 0.08m
Yo 30 =42040673 m 0.08 m
Zs 25 =6 710 886.4 m 04m
) A 17 =4096 m's 0.000625 mv's
Yo 17 =40.96 m's 0.000625 nv's
Zg 18 =524.288 m's 0004ms
) 10 =0.0064 m's” 0.0000125 m's”
¥ 10 £0.0064 m's” 0.0000125 m/s’
Lg 10 =0.032 m/'s” 0.0000625 m/'s”
dom 12 200537 x 105 A
aca 8 11602 x 1005 29
Note.— All parameters are defined in 9.9.4.2.
Table B-43. Type 10 degradation parameter message

Data content Bits used Range of values Resoluhon
B 10 Oto2.(46m 0.002m
Cm 1sb 10 0to2.046m 0.002m
Cix w1 10 0t00.05115 m's 0.00005 m's
Lic w1 9 Oto511s ls
Cix vo 10 0t02.046 m 0.002 m
Lic w0 9 Oto5lls 1s
Coeo 1sb 10 0t00.5115m 0.0005 m

g0 v 10 0t00.05115 m's 0.00005 m/'s
Lo 9 Oto51ls 1s
Ca 6 Oto315m 05m
Ciono szp 10 01t01.023m 0.00I m
Tions 9 0to51ls ls
Ciono now 10 0to0.005115 m's 0.000005 mv's
RSSuore 1 Dorl 1
RSSione 1 Oorl 1
Coovrimee 7 0to12.7 0.1
Spare 81 - —

Note.— All parameters are defined in 9.9.4.7.
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Table B-44. Type 12 SBAS network time/UTC message

Data content Btz used Range of values Resolution
- 24 =745 %107 s/s 295
Agont 3 =1s s

tor 8 0to602112s 4006
WN; 8 0 to 255 weeks 1 week
Afrs 8 =128 s ls

WNLer 8 0 to 255 weeks 1 week

DN 8 1 to 7 days 1 day

Aty op 8 =128s ls

UTC standard identifier 3 (see Table B-35) (see Table B-35)
GPS time-of-week (TOW) 20 0to604 790 5 s

GPS week number (WN) 10 0to 1023 weeks 1 week
GLONASS indicator 1 Oorl 1

8ay cLowass (Note 2) 4 =20-10%s 20-10%s
Spare 50 — —

Notes

1. All parameters are defined in 9.9.4.8.
2. Applies only if SBAS sends GLONASS timing information in message Type 12 (see

9.9.744, Timing data).

Table B-45. Type 17 GEO almanac message

Data content Buts used Range of values Resolution
For each of 3 satellites
Reserved 2 0 —
PRN code number 8 0to210 1
Health and status 8 - —
Xoa 15 =42 508 400 m 2600 m
You 15 +42 508 400 m 2600 m
Zca o =6 656 000 m 26 000 m
Xes 3 =40 m's 10 m's
)"GA 3 =40m's 10 m's
Zga 4 =480 nv's 60 m's
tymana: (applies to all three satellites) 11 0to86336s 64s

Note.— All parameters are defined in 9.94.3.
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Table B-46. Type 18 IGP mask message

Data content Bits used Range of values Resolution
Number of IGP bands - Oto 11 1
IGP band identifier 4 0to 10 1
Issue of data — 1onosphere (IODIy) 2 Oto3 1
For 201 IGPs

IGP mask value 1 Qorl 1
Spare 1 - -

Note.— All parameters are defined in 9.9.4.6.

Table B-47. Type 24 mixed fast/long-term satellite error correction message

Data content Bits used Range of values Resolution
For 6 slots

Fast correction (FC)) 12 =256.000 m 0.125m
For 6 slots

UDREL 4 (see Table B-31) (see Table B-31)
I0DP 2 Oto3 1
Fast correction type identifier 2 Oto3 1
IODF; 2 Oto3 1
Spare 4 — —
Tvpe 25 half-message 106 - -

Notes.—

1. The parameters fast correction type identifier, IODFj, and FCi are defined in
99442,

2. The parameter IODP is defined in 9.94.1.

3. The parameter UDREII is defined in 9.94.5.

4. The long-term satellite error correction message is divided into two half-messages.
The half message for a

velocity code = 0 is defined in Table B-48. The half message for a velocity code = 1 is

defined in Table B-49.
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Table B-48. Type 25 long-term satellite error correction half message
(VELOCITY CODE = 0)

Data content Bits uced Range of values Resolution
Velocity Code =0 1 0 1
For 2 Satellites
PRN mask number 6 Oto51 1
Issue of data (IOD;) 8 0to 255 1
OX; 9 =32 m 0.125m
3yi 9 =32 m 0.125m
6z 9 =32m 0.125m
Sam 10 278 g
I10DP 2 Oto3 1
Spare 1 - —
Notes.—

1. The parameters PRN mask number and IODP are defined in 9.9.4.1.
2. All other parameters are defined in 9.9.4.4.1.

Table B-49. Type 25 long-term satellite error correction half message
(VELOCITY CODE =1)

Data content Bits used Range of values Resolution

For 1 Satellite

Velocity Code = 1 1 1 1
PRN mask number 6 Oto 51 1
Issue of data (I0D,) 8 0to 255 1

OX; 11 =128 m 0.125m
oy 11 =128 m 0.125m
oz, 11 =128 m 0.125m
53, 11 =7 iy
5%; 8 =0.0625 m's Mg
8¥; 8 =0.0625 m's 2 mys
A 8 =0.0625 m's 2 s
ba; n 8 =21 g/g 2% g5
Time-of-applicability (t, 1) 13 0t086384s 165
I0DP 2 0to3 1

Notes.—

1. The parameters PRN mask number and IODP are defined in 9.94.1.
2. All other parameters are defined in 9.94.4.1.
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Table B-50. Type 26 ionospheric delay message

Data content Buts used Range of values Resolution
IGP band identifier 4 Ot 10 1
IGP block identifier 4 Ot 13 1
For each of 15 gnid points
IGP vertical delay estimate 9 0t063.875m 0.125m
Gnid 10nospheric vertical error mdicator (GIVEI) 4 (see Table B-33) (see Table B-33)
IODIL 2 Oto3 1
Spare 7 — —

Note.— All parameters are defined in 9.9.4.6.
Table B-51. Type 27 SBAS service message

Data content Buts used Fange of values Rezolution
Issue of data, service (I0DS) 3 Oto7 1
Number of service messages 3 1to8 1
Service message number 3 1t08 1
Number of regions 3 Oto5 1
Priority code 2 Oto3 1
SUDRE indicator-inside 4 Oto15 1
SUDRE indicator-outside 4 Oto 15 1
For each of 5 regions
Coordinate 1 latitude 8 =090° 1°
Coordinate 1 longitude 9 =180° i
Coordinate 2 latitude 8 =90° 1°
Coordinate 2 longitude 9 =180° 1°
Region shape 1 — —
Spare 15 — —
Note.— All parameters are defined in 3.5.4.0
Note.— All parameters are defined in 9.9.4.9.
Table B-52. Type 63 null message
Data content Bits used Range of values Resolution

Spare 212 — —




2246 Kenya Subsidiary Legislation, 2018

Table B-53. Type 28 clock-ephemeris covariance matrix

Data content Buts uzed Range of values Resolunon

I0DP 2 Oto3 1

For two satellites
PRN mask number 6 0to 51 1
Scale exponent 3 Oto7 1
Enx Y 0to 511 1
E.» Y 0to 511 1
E;s Y 0to 511 1
E;-s Y 0to 511 1
Ei 10 =512 1
Es 10 =512 1
E- 10 =512 1
Eis 10 =512 1
E,: 10 =512 1
E;- 10 =512 1

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-AIRCRAFT ELEMENTS

Note 1.— Depending on the level of service offered by a particular SBAS, different
Sfunctions 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

99.7.1.1 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.

99.7.1.2 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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99.7.1.3 “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.

9.9.7.1.4 The Doppler shift in the GEO satellite signal seen at any fixed location within
the GEO footprint for any GEO shall not exceed +450 Hz.

Note.— This maximum Doppler shift corresponds approximately to the maximum GEO
satellite orbit inclination that can be supported by the coding ranges for Type 9 and Type
17 messages.

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 function parameters
even when a ranging function is not provided, so that airborne receivers may implement
a positive identification of the broadcasting SBAS satellite. When ranging is not
provided, the accuracy of 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 +210
Hz.

99.7.1.6 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 17
message broadcast within the previous 15 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 17 message broadcast within the previous 15 minutes
and the position of the satellite derived from the GEO ranging parameters in
any Type 9 message that has not timed 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 15 minutes, with respect to the true
GEO Doppler shift seen at any fixed location within the GEO footprint, shall
not exceed +210 Hz.

99.7.1.64 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 15 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.

9.9.7.1.6.5 Where the estimated position of a GEO satellite providing a ranging function,
derived from the Type 17 message broadcast within the previous 15 minutes,
is within 200 km of the position of another GEO satellite of the same service
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997.1.6.6

997167

9971638

99.7.2

99.72.1

99722

99.7.3

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 function.

The health and status parameter shall indicate the satellite status and the
service provider identifier, as defined in 9.9.4.3.

Unused almanac slots in Type 17 messages shall be coded with a PRN code
number of “0”.

The service provider shall ensure the correctness of the service provider ID
broadcast in any almanac.

Ranging function. 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.

Performance requirements

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 in
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 integrity on some GPS satellites that are
designated either marginal or unhealthy.

99731

Performance of satellite status functions. Given any valid combination of
active data, the probability of a horizontal error exceeding the HPLSBAS (as
defined in 9.9.5.6) for longer than 8 consecutive seconds shall be less than
107 in any hour, assuming a user with zero latency.

Note.— Active data is defined to be data that have not timed out per 9.9.8.1.2. This
requirement includes core satellite constellation(s) and SBAS failures.

99732

PRN mask and Issue of data — PRN (IODP). SBAS shall broadcast a PRN
mask and IODP (Type | 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 | 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 1 message) used to
designate the satellites for which data are provided in that message.
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Table B-54. Data broadcast intervals and supported functions

Maxinmm GNSS Basic Precise Associated

broadcast satellite dufferential differential message
Data type nterval Ranging status correction cofrection types
Clock-Ephemens covariance matrix 1205 28
SBAS 1 test mode 6s 0
PRN mask 1205 R R R 1
UDREI 6s R* R R 2106,24
Fast corrections L2 R* R R 2103, 24

(see Note 4)
Long-term corrections 1205 R* R R 2425
GEO ranging function data 1205 R R R R 9
Fast correction degradation 1205 R* R R 7
Degradation parameters 120 R 10
lonospheric gnd mask 300 R 18
Ionosphenc corrections, GIVEI 300s R 26
Tinung data 300s R R R R 12
(see Note 3) (see Note 3) (see Note 3) (see Note 3)
Almanac data 300s R R R R 17
Service level 300 27
Notes.—

1. “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 92443

Modulation 92445
SNT-to-GPS time 9245
Carrier frequency 99.2.1
Stability

Code/frequency 9924
Coherence

minimum specified power
Part (Note 2)

monitor for
waveform distortion

N/A
(Note 3)
N/A
(note 3)

N/A
(note 3)

Cease ranging function (Note 1).
maximum specified power Cease broadcast

Cease ranging function (Note 1).

Cease ranging function unless (UDRE
reflects rror.

Cease ranging function unless UDRE
reflects error

Cease ranging function unless 6 UDRE
reflects error
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Maximum code 9926 NA Cease ranging function unless &y,
phase deviation (Notes 2 and 3) reflects error

Convolutional 9929 all transmit messages Cease broadcast

Encoding are erroneous

Notes.—

1. Ceasing the ranging function is accomplished by broadcasting a URA and ¢ 2
UDRE of “Do Not Use” for that SBAS satellite.

2. These parameters can be monitored by their impact on the received signal quality
(C/NO impact), since that is the impact on the user.

3. Alarm limits are not specified because the induced error is acceptable, provided it is
represented in the © 2
UDRE and URA parameters. If the error cannot be represented, the ranging function
must cease.

99.732.1

99733

99.733.1

997332

997333

99.7334

99.74

99741

When the PRN mask is changed, SBAS shall repeat the Type | message
several times before referencing it in other messages to ensure that users
receive the new mask.

Integrity dara. If 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 visible satellites
indicated in the PRN mask.

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.

If SBAS does not provide the basic differential correction function, SBAS
shall indicate that the satellite is “Not Monitored” if the pseudo-range error
cannot be determined.

If SBAS does not provide the basic differential correction function, SBAS
shall transmit a UDREI, of 13 if the satellite is not “Do Not Use” or “Not
Monitored”.

The IODFj parameter in Type 2 to 5, 6 or 24 messages shall be equal to 3.

Basic differential correction function. If an SBAS provides a basic
differential correction function, 1t shall comply with the requirements
contained in this section in addition to the GNSS satellite status function
requirements defined in 9.9.7.3.

Performance of basic differential correction function. Given any valid
combination of active data, the probability of a horizontal error exceeding the
HPLSBAS (as defined in 9.9.5.6) for longer than 8 consecutive seconds shall
be less than 1077 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.

99.742 Long-term 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 “17”). 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 corrections. 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 (9.5.1.3.1.4 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.

99.742.1 To ensure accurate range rate corrections, SBAS shall minimize
discontinuities in the satellite ephemerides after application of long-term
corrections.

99743 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 j (j =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).

99.744 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.

99.7.4.5 Integrity data. For each satellite for which corrections are provided, SBAS
shall broadcast integrity data (UDREI and, optionally, Type 27 or 28
message data to calculate SUDRE) 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 0% ypre 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 IODF] for the fast corrections received in Type j
message to which the 0% ypge apply; or
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b). the IODFj shall equal 3 if the 0% ypge apply to all valid fast corrections
received in Type j message which have not timed out.

99.7.4.6 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.

9:9.7:5 Precise differential correction function. 1If SBAS provides a precise
differential correction 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

99.7.5.1  Performance of precise differential correction function. 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 107 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 that 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 transmitted at the normal update rate.

99.7.52  lonospheric grid point (IGP) mask. SBAS shall broadcast an IGP mask and
IODIk (up to 11 Type 18 messages, corresponding to the 11 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
55°N in Bands O through 8 shall be set to “0”. If IGP Band 10 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™ 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 18
message) used to designate the IGPs for which data are provided in that
message.

9.9.7.52.1 When the IGP mask is changed, SBAS shall repeat the Type 18 message
several times before referencing it in a Type 26 message to ensure that users
receive the new mask. The same IODI, shall be used for all bands.
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9.9.7.5.3

99754

9.9.7.5.5

9.9.7.6

99.76.1

9.9.76.2

99763

9.9.7.7

9.9.7.7:1

Note.— In

Ionospheric corrections. SBAS shall broadcast ionospheric corrections for the
IGPs designated in the IGP mask (IGP mask values equal to “17).

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 0 2 i,GIVE 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 0, gve cannot be determined, SBAS
shall indicate that the IGP is “Not Monitored” (designated in the GIVEI
coding).

Degradation data. SBAS shall broadcast degradation parameters (Type 10
message) such that the integrity requirement in 9.9.7.5.1 is met.

OPTIONAL FUNCTIONS

Timing data. If UTC time parameters are broadcast, they shall be as defined in
9.9.4.8 (Type 12 message).

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.

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.
MONITORING

SBAS radio frequency monitoring. The SBAS shall monitor the SBAS satellite
parameters shown in Table B-55 and take the indicated action

addition to the radio frequency monitoring requirements in this section, it will

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.

99772

9.9.7.721

9.9:7.73

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

The ground subsystem shall use the strongest correlation peak in all
receivers used to generate the pseudorange corrections.

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
8.11

9.9.7.7.3.1 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.

9.9.7.7.3.3 SBAS shall raise an alarm within 5.2 seconds if any combination of active
data and GNSS 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 1(9.9.74.1).

Note.— The monitoring applies to all failure conditions, including failures in core
satellite constellation(s) or SBAS satellites. This monitoring assumes that the aircraft
element complies with the requirements of RTCA/DO-229D which Change 1, except as
superseded by 9.9.8 and ANS Technical Standards Part Il Vol. I, Attachment D, 8.11.

99.7.8 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.

9938 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 9.53.1 (GPS receiver) or 9.63.1 (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.

998.1.1 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 +450 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



Kenya Subsidiary Legislation, 2018 2255

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 17
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 in 9.9.4.4.1:

tLT-L-V=<tr<tLT-L

Note 1.— For SBAS satellites, there is no mechanism 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.

998.1.2.1 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 GEO
ranging function parameters and the satellite position derived from the
almanac message most recently received from the same service provider
within the last 15 minutes is 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.

9.9.8.1.22 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 GIVEI) 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 The receiver shall use the most recently received integrity data for which
the IODF;j equals 3 or the IODF; matches the IODF; associated with the fast
correction data being applied (if corrections are provided).

9.9.8.12.5 The receiver shall apply any regional degradation to the ¢’,UDRE as
defined by a Type 27 service message. If a Type 27 message with a new
IODS indicates a higher dypgg for the user location, the higher dypgg shall
be applied immediately. A lower Oypg;: in a new Type 27 message shall not
be applied until the complete set of messages with the new IODS has been
received.

9.98.1.2.6 The receiver shall apply satellite-specific degradation to the o,ypre’ as
defined by a Type 28 clockephemeris covariance matrix message. The
Oupre 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 B-56.
99.8.1.29 The receiver shall not use a fast correction 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 The calculation of the RRC shall be reinitialized if a “Do Not Use” or “Not
Monitored” indication is received for that satellite.
9.9.8.1.2.11 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
Associated En-route, termmnal, Precision approach.
Data message types NPA time-out APV time-out
Clock-ephemerts covariance matrix 28 360 240
SBAS 1n test mode 0 NA NA
PRN mask 1 600 s 600 s
UDREI 2t06,24 185 12
Fast corrections 2t05.24 (see Table B-37) (see Table B-37)
Long-term corrections 24.25 360 s 2405
GEO ranging function data 9 360 s 2405
Fast correction degradation 7 360 s 2405
Degradation parameters 10 360 s 240
Tonospheric gnd mask 18 1200s 12005
Tonospheric corrections, GIVEI 26 600 s 600 s
Timing data 12 86400 s 86400 s
GLONASS time offset 12 600 s 600 s
Almanac data 17 None None
Service level 27 86400 s 86400 s

Note.— The time-out intervals are defined from the end of the reception of a message.
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Table B-57. Fast correction time-out interval evaluation

Fast comrection NPA time-out PA/APV time-out
degradation factor interval for fast interval for fast
mndicator (a;) comrections (I3.) corrections (Iz)
0 180 s 120 s
1 180 s 120 s
2 1535 102 s
3 1355 90 s
4 1355 90 s
5 1175 18 s
6 99 s 66 s
7 81s 54 s
8 63s 425
9 45 30s
10 455 30s
11 27s 18 s
12 27 s 18s
13 27 s 185
14 18 s 12 s

9.9.8.2 RANGING FUNCTION

9.9.8.2.1 Precision approach and APV operations. The root-mean-square (1 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 aircraft element will bound the errors caused by multipath and troposphere
(9.9.84.1). For the purpose of predicting service, the multipath error is assumed to be
less than 0.6 metres (1 sigma).

9.9.8.2.2Departure, en-route, terminal, and non-precision approach operations. The root-
mean-square (1 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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9.9.8.2.3SBAS satellite position

99.823.1 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.

99824 Almanac data
9.9.8.2.4.1 The almanac data provided by the SBAS shall be used for 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 O 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 9.5.3.1.1.

Note 1.— In the case of a satellite designated marginal or unhealthy by the core satellite
constellation(s) health flag, SBAS may be able to broadcast ephemeris and clock
corrections that will allow the user to continue using the satellite.

Note 2.— If 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 (1 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 Precision 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).

998422 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 (fg; onass/faes)’-

9.9.8.42.3 The receiver shall use a weighted-least-squares position solution.
9.9.84.24 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 | 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.

998425 The receiver shall compute and apply horizontal and vertical protection
levels defined in 9.9.5.6. In this computation, 0; ., shall be:

1.001
/0.002001 + sin?(8,)

x012m

where 01 is the elevation angle of the 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:

j f.(x)dx < Q (Z) forall 2 = 0and
c a
¥

;
f £,(x)dx <Q (E) for all §_> 0

Where

fn(x) = probability density function of the residual aircraft pseudo-range error and
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Q=) = = | e

Note.— The standard allowance for airborne multipath defined in 9.10.5.5.1 may be used
to bound the multipath errors.

99.842.6 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. The format of the
data for validation of a cyclic redundancy check is shown in ANS Technical Standards
Part 11, Vol. I ,Attachment D, 6.6. It differs from the GBAS FAS data block in 9.104.5 in
that it contains the SBAS HAL and VAL for the particular approach procedure. For
approaches conducted using SBAS pseudo-range corrections, the service provider ID in
the FAS data block is the same as the service provider ID broadcast as part of the health
and status information in Type 17 message. 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 type: straight-in approach procedure or other operation types.

Coding: 0 = straight-in approach procedure
1 to 15 = spare

SBAS service provider ID: 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.

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 TA-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 10 degrees and truncated to two
characters.

Coding: 01 to 36 = runway number
Note.— For heliport operations, the runway number value is the integer nearest to one
tenth of the final approach course, except when that integer is zero, in which case the

runway number is 36.

Runway letter: the one-letter designator used, as necessary, to differentiate between
parallel runways.

Coding: 0 = no letter

1 =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 different even if they only differ by the missed
approach segment.

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” (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
from Z 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

Data content Bits used Range of values Resolution
Operation type 4 Otol15 1
SBAS service provider ID 4 Oto 15 1
Aurport ID 32 . —
Runway number 6 01 to 36 1
Runway letter 2 — —
Approach performance designator 3 Oto7 1
Route mdicator 5 — —
Reference path data selector 8 0to48
Reference path identifier 32 — —
LTP/FTP latitude 32 +90.0° 0.0005 arcsec
LTP/FTP longitude 32 =180.0° 0.0005 arcsec
LTP/FTP height 16 —5120t06041.5m 01lm
AFPAP latitude 24 =1.0° 0.0005 arcsec
AFPAP longitude 24 =1.0° 0.0005 arcsec
Approach TCH (Note 1) 15 0tol63835mor 0.05mor

0t032767ft 01ft

Approach TCH units selector 1 — —
Glide path angle (GPA) 16 0 to 90.0° 0.01°
Course width 8 80t0143.75m 025m
ALength offset 8 0t02032m 8m
Horizontal alert linut (HAL) 8 0to51.0m 02m
Vertical alert limit (VAL) (Note 2) 8 0to51.0m 02m
Final approach segment CRC 32 -

Note 1.— 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 (RPI): four characters used to uniquely designate the reference
path. The four characters consist of three alphanumeric characters plus a blank or four
alphanumeric characters.

Note.— The best industry practice matches the 2nd and 3rd character encoding to the
encoded runway number. The last character is a letter starting from A or a “blank.”

Coding: Each character is coded using bits bl through b6 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
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
LTP/FTP 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.
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 places the LTP/FTP 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 metres (1 000 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.

AFPAP 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/FTP latitude.

AFPAP 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
1 = 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 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.
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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 offset: the distance from the stop end of the runway to the FPAP.

Coding: 1111 1111 = not provided

HAL: Horizontal alert limit to be used during the approach in metres.
VAL.: Vertical 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
) 2, .31, 4, 1, 16, 14, 8, 7 5.3
GE)=x"+x +x +x +x +x +x +tx' +x’ +x +x+1

The CRC }llformaliOll field, M(x), shall be:

288
; 220 297 )
M(x)=z m; X725 = myx*® + myx®® + L+ mygex”

i=1

transmitted, such that m1 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 rl 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 17 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 differential corrections 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 1

metre horizontal.

99843 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.

9.9.8.43.2 The receiver shall compute and apply ionospheric corrections.
Note.— Two methods of computing ionospheric corrections are provided in 9.5.2.4 and
99552

99.8.4.33 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 standard
deviation less than 0.07 metres.

Note.— A model was developed that meets this requirement. Guidance is provided in
ANS Technical Standards Part Il Vol. I, Attachment D, 6.5 4.

99.8.4.34 The receiver shall compute and apply horizontal and vertical protection
levels as defined in 9.9.5.6. In this computation, 0, 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.

1.001
,/0.002001 + sin?(6;)

x (1+0.015 x (max(0,4 - 6,))°) x 0.12m

where 0i is the elevation angle of the ith satellite.

In addition, o, ;, shall satisfy the condition that a normal distribution with zero mean and
standard deviation equal to 0, ;, bounds the error distribution for residual aircraft pseudo-
range errors as follows:

w
' y
ffni(x)dx < Q(i) forall = = 0and
o g
.
-y

[fd(x)dx < Q(—Z—) forall% =0

-0

Where

fn(x) = probability density function of the residual aircraft pseudo-range error and

@ 2
N
Qx) = ‘ﬁf e Tdt

Note.— The standard allowance for airborne multipath defined in 9.10.5.5.1 may be used
to bound the multipath errors.
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9.98.4.4 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.

999 INTERFACE BETWEEN SBAS

Guidance material on the interface between different SBAS service providers shall be as
provided in ANS Technical Standards Part 11, Vol I, Attachment D, 6.3.

9.10 Ground-based augmentation system (GBAS) and
ground-based regional augmentation system (GRAS)

9.10.1 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.

9.10.1.1 GBAS service types. A GBAS ground subsystem shall support either the
positioning service, approach service or both types of service.

Note 1.— Service types refers to a maiched set of ground and airborne functional and
performance requirements that ensure that quantifiable navigation performance is
achieved by the airborne equipment. Guidance material concerning service types is given
in ANS Technical Standards Part 11, Vol I, Attachment D, 7.1.

Note 2.— GBAS ground facilines 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 for a given facility
classification element (i.e. the facility approach service type (FAST) letter, the facility
polarization etc.). Guidance material concerning facility classifications is given in ANS
Technical Standards Part I, 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 all FAST C requirements in addition to the specific FAST D requirements.

Note.— Guidance material is provided in ANS Technical Standards Part 11, Vol I,
Attachment D, 7.1.

9.10.2 RF CHARACTERISTICS

9.10.2.1 Carrier frequency stability. The carrier frequency of the data broadcast shall be
maintained within £0.0002 percent of the assigned frequency.

9.10.2.2 Bit-to-phase-change encoding. GBAS messages shall be assembled into
symbols, each consisting of3 consecutive message bits. The end of the message
shall be padded by 1 or 2 fill bits i1f necessary to form the last 3-bit symbol of the
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message. Symbols shall be converted to D8PSK carrier phase shifts (A@,) in
accordance with Table B-58.

Note.— The carrier phase for the k" symbol (D, ) is given by: @, D, \+ AD, 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 AD, 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:
k=00
s(t)= Z el h (t - kT)
=00

Where

h = the impulse response of the raised cosine filter;
@k = (as defined in 9.10.2.2);

t = time; and

T = the duration of each symbol = 1/10 500 second.

This pulse shaping filter shall have a nominal complex frequency response of a raised-
cosine filter with a = 0.6. The time response, h(t), and frequency response, H(f), of the
base band filters shall be as follows:

h(® sin (IIrtr) cos (Eg—t)
)= =9
; ot
-]
( 1 for 0< f<’12;,ra
. J1-sin (2"—(,2f1" = 1)) 1-a 1+ a

H{f)—j : a2 - for 5w <f<—5

L 0 for f> %

The output s(t) of the pulse shaping filter shall modulate the carrier.
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9.10.2.4 Error vector magnitude. The error vector magnitude of the transmitted signal
shall be less than 6.5 per cent root-mean-square (1 sigma).

9.10.2.5 RF data rate. The symbol rate shall be 10 500 symbols per second +0.005 per
cent, resulting in a nominal bit rate of 31 500 bits per second.
Table B-58. Data encoding

Meszaze bits Symbol phaze shaft

b
g

2
—_

Aty
On/'4
In/4
24
in/4
44
Sm4
6n/'4
T4

—

S = N o - W
DD e OO
P T ST ve

Note.— I is the j** bit of the burst to be wansmirted, where I, is the first
bit of the raining sequence.

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.

9.10.3 DATA STRUCTURE
9.10.3.1  TRANSMITTER TIMING

9.103.1.1 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
1-second UTC epoch. The first of these 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 1 frame of every 5 consecutive frames.

Note 1.— 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 £95.2 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 10 microseconds of the start of the burst
transmitted with vertical polarization (VPOL).

Note.— Table B-59 illustrates 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 B-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 ambiguity resolution. The synchronization and
ambiguity resolution field shall consist of the 48-bit sequence shown below,

with the rightmost bit transmitted first:

010001 111 101 111 110001 100011 101 100 000 011 110 010 000
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Table B-59. Burst timing

Event Nominal event duration Nominal of
percentage of steady-state
power
Ramp-up 190.5 us 0% to
90%
Transmitter power stabilization 285.7 us 90% to
100%
Synchronization and ambiguity resolution 1 523.8 ps 100%
Transmission of scrambled data 58 761.9 ps 100%
Ramp-down 285.7 us (Note 1) 100%
to 0%
Notes.—

1. Event duration indicated for transmission of scrambled data is for maximum
application data length of 1 776 bits, 2 fill bits and nominal symbol duration.

2. These timing requirements provide a propagation guard time of 1 259 microseconds,
allowing for a one-way propagation 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 time is required to avoid loss of both bursts. To
provide a longer guard time, it is necessary to limit the application data length of the
first burst to 1 744 buts. This allows a difference in propagation ranges of up to 692
km (372 NM) without conflict.

Table B-60. Burst data content

Element Data content Number of buts
Beginning of burst all zeros 15
Power stabilization
Synchronization and ambiguity resolution  9.10.32.1 48
Scrambled data: 9.1033
station slot identifier (SSID) 9.10.3.3.1 3
transmission length 9.1033.2 17
training sequence FEC 9.10333 5
application data 9.103.34 upto 1 776
application FEC 9.103.35 48
fill bits (Note) 9.1022 Oto2

Note.— Data scrambling of the fill bits is optional (9.10.3.3.6).
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9.10.3.3 SCRAMBLED DATA CONTENT

9.10.3.3.1

9.103.32

9.103.33

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.

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.

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,, .., P = [SSID,, ..., SSID,, TL,, ..., TL,,] H"

Where

P, = the nth bit of the training sequence FEC (P1 shall be transmitted first);
SSID, = the nth bit of the station slot identifier (SSID1 = LSB);
TL, = the nth bit in the transmission length (TL1 = LSB); and

H" = the transpose of the parity matrix, defined below:

00000000111111111111]7
0011111100001 1111111
H={11000111001100001111
11011011010100110011
01101001111001010101 ]

Note.— This code is capable of correcting all single bit errors and detecting 75 of 300
possible double bit errors.

9.10.3.34  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.
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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)=x* 4+ x"+ x>+ x + 1

9.10.3.3.5.2 The generator polynomial of the R-S code, g(x), shall be:
125
g(x)= l_[ (x-cd)= X6 + ol 76x5 + al®x? + ?#4x3 + al76x? + alS6x + o2
i=120

where a is a root of p(x) used for construction of the Galois Field of size 2% GF(256),
and o' is the i" 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
and B-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:

148

48 47 | ,J48-lengrir- Mg
m(x) =X TayX & e T )48 Jongth+] 2 gl A48 et X i . T4 X T
where
length represents the number of 8-bit bytes in the application data block;

a,44 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;

Q)45 1engin+1 TEPTEsents 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

Q45 tengmh . a1, 20 € 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
b(x)zz b; X' + bgx®+byx*+b;x3+b,x%+b,x 4by = [x®m(x)] mod g(x)
=0

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 bS5,
i.c. 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 1.— This R-S code is capable of correcting up to 3 symbol errors.

Note 2.— The order of the transmitted 8-bit R-S check symbols of 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 11 Vol. I, Attachment D, 7.15.

Table B-61. Format of a GBAS message block
Message block Bats

Message block header 48
Message up to 1 696
CRC 32

Table B-62. Format of message block header

Data field Bats
Message block identifier 8
GBASID 24
Message type identifier 8
Message length 8

9.10.3.3.6  Bit scrambling

9.10.3.3.6.1 The output of a pseudo-noise scrambler with a 15-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 impact
on the system.

9.10.3.3.6.2 The polynomial for the register taps of the scrambler shall be 1 + x + x'°.
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
“1101 0010 1011 0017, 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 Il Vol.
I, Attachment D, 7 4.

9.10.3.4 Message block format. The message blocks shall consist of a message block
header, a message and a 32-bit CRC. Table B-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 transmutted first.

Note.— All binary representations reading left to right are MSB to LSB.

9.1034.1 Message block header. The message block header shall consist of a
message block identifier, a GBAS 1dentifier (ID), a message type identifier
and a message length, as shown in Table B-62.

Message block identifier: the 8-bit identifier for the operating mode of the GBAS
message block.

Coding: 1010 1010 = normal GBAS message
1H11 1111 = test GBAS message
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 TA-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. Assignment of GBAS IDs will be coordinated as appropriate to avoid conflicts.

Message type identifier: 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.

9.10.342 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 +x +xt+ s e e A x 1]
9.10.3.4.2.3 The CRC information field M(x) shall be

n
M(x)= Z m; x4 mx™ + mox™ + ...+ myx°

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 m1 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.

9.104 DATA CONTENT

9.10.4.1 Message types. The message types that can be transmitted by GBAS shall be as
in Table B-63.

9.104.2 TYPE | MESSAGE — PSEUDO-RANGE CORRECTIONS

9.104.2.1 The Type 1 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

¢) satellite data measurement blocks.

Note 1.— Transmission of the low-frequency data for SBAS ranging sources is optional.
Note 2.— All parameters in this message type apply to 100-second carrier-smoothed
pseudo-ranges.

9.104.22 Each Type 1 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-count 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 1 message or
a linked pair of messages.

Coding: 0 = All measurement blocks for a particular measurement type are contained in
one Type | message.

1 = This is the first transmitted message of a linked pair of Type 1 messages that
together contain the set of all measurement blocks for a particular measurement
type.

2 = Spare

3 = This is the second transmitted message of a linked pair of Type 1 messages
that together contain the set of all measurement blocks for a particular
measurement type.

Note.— When a linked pair of Type 1 messages is used for a particular measurement
type, the number of measurements and low-frequency data are computed separately for
each of the two individual messages.

Number of measurements: 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

Subframe 1: Byte 1 Byt 2 Byte 3 Bye ] Byte 2 Byte 3

Word 3 0000 0000 0000 0000 00000011  Word4 0000 0000 0000 0000 0000 0000
Word 5 0000 0000 0000 0000 00000000  Word6 0000 0000 00000000 0000 0000
Word 7 0000 0000 00000000 11111111 Word8 11111111 11111111 11111111
Word 9 11111111 111 11111111 Word 100 11111111 11111111 1111 1100
Subframe 2: Byte 1 Byte 2 Byte 3 Byte | Byte 2 Byte 3

Word 3 11111111 111111 11111111 Word4 11111111 11111111 1111 1111
Word 5 11111111 11111111 11111111 Word6 - 1111 1111 11111111 11111111
Word 7 1111111 111 1111111 Word 8 1111 1111 11111111 1111 1111
Word 9 11111111 1111111 1111111 Word 100 1111 1111 1111 1111 0000 0000
Subframe 3: Byte 1 Byte 2 Byte 3 Byte 1 Byte 2 Byte 3

Word 3 11111111 11111111 11111111 Word4 11111111 11111111 11111111
Word 5 11111111 11111111 11111111 Word 6 11111111 11111111 11111111
Word 7 11111111 11111111 11111111 Word 8 11111111 11111111 11111111
Word 9 11111111 11111111 11111111 Word 10 1111 1111 11111111 1111 1100

Table B-65. GLONASS satellite ephemeris mask

String 1:

00000 0000 0000 0000 0000 1111 1111 1111 1111 1111 1111 1111
1111 1111 1111 1111 1111 1111 1111 0000 0000

String 2:

00000 0000 0000 0000 0000 1111 1111 11111111 1111 1111 1111
1111 1111 1111 1111 1111 1111 1111 0000 0000

String 3:

0000001111111 11110000 1111 1111 1111 1111 1111 1111 1111
1111 1111 1111 1111 1111 1111 1111 0000 0000

String 4:

00000 11111111 1111 1111 1111 1100 0000 0000 0000 0000 0000
0000 0000 0000 0000 0000 0000 0000 0000 0000

Coding: 1 to 36 = GPS satellite IDs (PRN)
37 = reserved
38 to 61 = GLONASS satellite IDs (slot number plus 37)
62 to 119 = spare
120 to 158 = SBAS satellite IDs (PRN)
159 to 255 = spare 5

Issue of data (10D): The issue of data associated with the ephemeris data used to
determine pseudo-range and range rate corrections.
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Coding: for GPS, I0D = GPS IODE parameter (9.5.1.3.2.2)
for GLONASS, IOD = GLONASS “t,” parameter (see 9.6.1.3.1)
for SBAS,IOD = 1111 1111

Note.— For GLONASS 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_gnat 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 9.10.7.2.2 4).

Coding: 1111 1111 = Ranging source correction 1nvalid.

B, through B,: are the integrity parameters associated with the pseudo-range
corrections provided in the same measurement block. For the i” ranging source
these parameters correspond to B, through B, (9.10.5.5.1.2,9.10.5.5.2.2 and
9.10.7.2.2.4). During continuous operation the indices “1-4” correspond to the
same physical reference receiver for every epoch transmitted from a given ground
subsystem with the following exception: the physical reference receiver tied to any of the
indices 1 to 4 can be replaced 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 a fixed location
Note 2.— Some airborne inertial integrations may expect a largely static correspondence
of the reference receivers to the indices.

9.10.4.3 Type 2 message — GBAS-related data. 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 1 and additional data block 2 are defined. In the future, other additional data
blocks may be defined. Data blocks 2 through 255 are variable length and may be
appended to the message after additional data block 1 in any order.

GBAS reference receivers: the number of GNSS reference receivers installed in this
GBAS ground subsystem.

Coding: 0 = GBAS installed with 2 reference receivers
1 = GBAS installed with 3 reference receivers
2 = GBAS installed with 4 reference receivers
3 = The number of GNSS reference receivers installed in this GBAS ground subsystem is
not applicable
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Ground accuracy designator 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
1 = accuracy designation B

2 = accuracy designation C

3 = spare

GBAS continuitylintegrity designator (GCID): numeric designator indicating the
operational status of the GBAS.

Coding: 0 = spare
1 =GCID 1
2=GCID?2
3 =GCID3
4= GCID 4
5 = spare
6 = spare

7 = unhealthy

Note 1.— The values of GCID 2, 3 and 4 are specified in order to ensure compatibility of
equipment with future GBAS.

Note 2.— The value of GCID 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.— Local magnetic variation is chosen to be consistent with procedure design and is
updated during magnetic epoch years.

overt_iono_gradient: 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): a scale factor used to calibrate the tropospheric correction and residual
tropospheric uncertainty associated with the GBAS ground subsystem (9.10.5.3).

Refractivity uncertainty (on): the standard deviation of a normal distribution associated
with the residual tropospheric uncertainty (9.10.5.3).
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Latitude: the latitude of the GBAS reference point defined in arc seconds.
Coding: Positive value denotes north latitude.

Negative value denotes south latitude.

Longitude: the longitude of the GBAS reference point defined in arc seconds.

Coding: Positive value denotes east longitude.
Negative value denotes west longitude.

Reference point height: the height of the GBAS reference point above the WGS-84
ellipsoid.

9.10.43.1  Additional data block 1 parameters. Additional data block | parameters
shall be as follows:

REFERENCE STATION DATA SELECTOR (RSDS): the numerical 1dentifier that is used
to select the GBAS ground subsystem.

Note.— The RSDS is different from every other RSDS and every reference path data
selector (RPDS) broadcast on the same frequency by every GBAS ground subsystem
within the broadcast region.

Coding: 1111 1111 = GBAS positioning service is not provided

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 requirements are met.

Coding: 0 = No distance limitation

GPS EPHEMERIS MISSED DETECTION PARAMETER, GBAS Positioning Service
(Kmd_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_,GLONASS): 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 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 (Kmd_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.

9.104.32  Additional data blocks. For additional data blocks other than additional
data block 1, 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: 0to | =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 PARAMETERS: 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 B-65A):

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 frequency and an RSDS.
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ALATITUDE: the difference of latitude of a GBAS broadcast station, measured from the
latitude provided in the latitude parameter of Type 2 message.

Coding: Positive value denotes that the GBAS broadcast station is north of the GBAS
reference point.

Negative value denotes that the GBAS broadcast station is south of the GBAS reference
point.

ALONGITUDE: 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 Standards Part 11 Vol. I Attachment D, 7.17.

9.10.4.3.22 GAST D parameters
Parameters for additional data block 3 shall include parameters (Table B-65B) 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,
this parameter is coded as all zeros.

Note.— This parameter, Kmd_e_D,GLONASS, may be different than the ephemeris
decorrelation parameter Kmd_e_GLONASS provided in additional data block 1 of the
Type 2 message. Additional information regarding the difference in these parameters is
given in ANS Technical Standards Part Il Vol. I Attachment D,7.56.1.2 and 7.5.6.1 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 different than the ephemerts
decorrelation parameter Kmd_e_GPS provided in additional data block 1 of the Type 2
message. Additional information regarding the difference in these parameters is given in
ANS Technical Standards Part I Vol. I Attachment 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
1onospheric decorrelation parameter Sigma_vert_iono_gradient provided in the Type 2
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message. Additional information regarding the difference in these parameters is given in
ANS Technical Standards Part Il Vol. I Attachment D, 7.5.6.1.2 and 7.5.6.1.3.

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 B-65B. Additional Data Block 3 GAST D Parameters

Data content Bits used Range of values Resolution
Kmd_e_D,GPS 8 0to12.75 0.05
Kmd_e_D,GLONASS 8 0to 12.75 0.05
svert_iono_gradient_D 8 0-255x10-6 m/m | 0.1 x 10-6 m/m
YEIG 5 0to3.0m 0.1

MEIG 3 0 to 0.7 m/km 0.1

9.10.4.3.2.3 VDB authentication 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 B-65A. GRAS broadcast station data

Data content Bits used Range of values Resolution
Channel number 16 20001 to 39999 1
ALatitude 8 +25.4°0.2°

ALongitude 8 +25.4° 0.

Table B-65C. VDB authentication parameters

Data content Bits used Range of values Resolution

Slot group definition 8 — —

9.10.4.4 TYPE 3 MESSAGE — NULL MESSAGE

9.104.4.1 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).
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9.104.42  The parameters for the Type 3 message shall be as follows:

Filler: a sequence of bits alternating between “1”" 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 message — 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
(FASV ALY 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.

Coding: See 9.10.4.5.1 and Table B-66.

Note.— Guidance material for FAS path definition is contained in Attachment D, 7 .11.
FASVAL/approach status: the value of the parameter FASVAL as used in 9.10.5.6.
Coding: 1111 1111 = Do not use vertical deviations.

Note.— The range and resolution of values for FASVAL depend upon the approach
performance designator in the associated FAS data block.

FASLAL/approach status: the value of the parameter FASLAL as used in 9.10.5.6.
Coding: 1111 1111 = Do not use approach.

Note.— The Procedures for Air Navigation Services — Aircraft Operations (PANS-OPS)
(ICAO Doc 8168), Volume Il, specifies conventions to be used by procedure designers
when applying the FAS data block definitions and codings below to encode procedures.

9.104.5.1 FAS data 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/FTP), flight path alignment point (FPAP), threshold crossing height
(TCH) and glide path angle (GPA). The local level plane for the approach is
a plane perpendicular to the local vertical passing through the LTP/FTP (i.e.
tangent to the ellipsoid at the LTP/FTP). Local vertical for the approach is
normal to the WGS-84 ellipsoid at the LTP/FTP. The glide path intercept
point (GPIP) is where the final approach path intercepts the local level
plane. FAS data block parameters shall be as follows:

Operation type: straight-in approach procedure or other operation types.
Coding: 0 = straight-in approach procedure
| to 15 = spare
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Note.— Offset procedures are straight-in procedures and coded as “0".

Table B-66. Final approach segment (FAS) data block

Data content Bits used Range of values Resolution

Operation type + Oto 15 1

SBAS provider ID 4 Oto 15 1

Airport ID 32 - —

Runway number 6 1 to 36 1

Runway letter 2 — —

Approach performance 3 Oto7

designator

Route indicator 5 — —

Reference path data selector 8 0 to 48 1

Reference path identifier 32 - —

LTP/FTP latitude 32 +90.0° 0.0005 arcsec

LTP/FTP longitude 32 +180.0° 0.0005 arcsec

LTP/FTP height 16 -512.0t0 6 041.5 m 0.1m

AFPAP latitude 24 +1.0° 0.0005 arcsec

AFPAP longitude 24 +1.0° 0.0005 arcsec

Approach TCH (Note) 15 0to1638.35mor 0.05 mor
0to 3276.7 ft 0.1 ft

Approach TCH units selector 1 - -

GPA 16 0 to 90.0° 0.01°

Course width 8 80 to 143.75 m 025 m

ALength offset 8 0to2032m 8 m

Final approach segment CRC 32 — —

Note.— Information can be provided in either feet or metres as indicated by the approach TCH

unit selector.

SBAS service provider ID: 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
pseudo-range corrections.

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
cach 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”.
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Runway number: the approach runway number.

Coding: 1 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 36.

Runway letter: the one-letter designator used, as necessary, to differentiate between
parallel runways.

Coding: 0 = no letter

1 =R (right)
2 =C (centre)
3 =L (left)

Approach performance designator: the general information about the approach design.

Coding: 0 = GAST AorB
1 =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
5to 7 = spare

Note.— Some airborne equipment designed for 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 1-4 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 RPDS for a given FAS data block is different from every other RPDS and
every reference station data selector (RSDS) broadcast on the same frequency by every
GBAS within the broadcast region.

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, 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
reference path identifier, the rightmost (first transmitted) character shall be IA-5 “space”.

Note.— The LTP/FTP is a point over which the FAS path passes at a relative height
specified by the TCH. LTP is normally located at the intersection of the runway
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 (1 000 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.

AFPAP 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/FTP latitude.

AFPAP 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
1 = 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 this field indicates a course width of 80 metres at the
LTP/FTP.

ALength offset. the distance from the stop end of the runway to the FPAP.
Coding: 1111 1111 = not provided

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:

3 6

2 2 » 4 7,
G():)=}v{3 D S D SaED oL R e B el

The CRC information field, M(x), shall be:

272

M(x)= Z m; x27270 = myx?7 4+ mex?7% + .+ myyx®
iT1

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 availability. When used, the Type
5 message shall contain 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-count: indicates the time of applicability of the parameters in this message.

Coding: Same as modified Z-count field in Type 1 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.
1 to 31 = The number of ranging sources impacted.
Ranging source ID: as for Type | 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 corrections will soon cease to be provided for the associated
ranging source.
1 = Differential corrections will soon start to be provided for the
associated ranging source.
Source availability duration: the predicted minimum ranging source availability duration
relative to the modified Z-count.
Coding: 111 1111 = The duration is greater than or equal to 1 270 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 (9.10.4.5.1).

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
Category /1l precision approaches.

9.10.4.8 TYPE 7 MESSAGE
Note.— Type 7 message is reserved for national applications.
9.10.4.9 TYPE 8 MESSAGE
Note.— Type 8 message is reserved for local and regional test applications.
9.10.4.10 TYPE 101 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

¢) satellite data measurement blocks.
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Note .— All parameters in this message type apply to 100-second carrier-smoothed
pseudo-ranges

9.10.4.10.2 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 availability duration shall apply to the first ranging source in the
message.

9.104.10.3 Pseudo-range correction parameters shall be as follows:

Modified Z-count: as defined in 9.10.4.2.3.

Additional message flag: as defined in 9.104.2.3 except applicable to Type 101
messages.

Number of measurements: as defined in 9.104.2.3,
Measurement type: as defined in 9.10.4.2.3.

Ephemeris decorrelation parameter (P): as defined in 9.10.4.2 3.
Ephemeris CRC: as defined in 9.10.4.2.3.

Source availability duration: as defined in 9.10.4.2.3.

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
1 = 4 B parameters per measurement block

9.10.4.10.4 The measurement block parameters shall be as follows:

Ranging source ID: as defined in 9.10.4.2.4.

Issue of data (10D): as defined in 9.10.4.2 4.

Pseudo-range correction (PRC): as defined in 9.10.4.2 4.

Range rate correction (RRC): as defined in 9.104.2 4.

O, ena 85 defined in 9.10.4.2 .4, with the exception of the range of values and resolution.

Bl through B4: as defined in 9.10.4.2 4.

Note.— Inclusion of the B parameters in the measurement block is optional for Type 101
messages.
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9.10.4.11 TYPE 11 MESSAGE —PSEUDO-RANGE CORRECTIONS - 30-SECOND
SMOOTHED PSEUDO-RANGES

9.104.11.1 The Type 11 message shall provide the differential correction data for
individual GNSS ranging sources (Table B-70B) with 30-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
¢) satellite data measurement blocks.
Note.— Transmission of the low-frequency data for SBAS ranging sources is optional.

9.104.11.2 Each Type 11 message shall include the ephemeris decorrelation 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 11 message because they are provided in the Type 1 message.

9.104.11.3 Pseudo-range correction parameters for the Type 11 message shall be as
follows:

Modified Z-count: as defined in 9.10.4.2.3.

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 11 message
or a linked pair of messages.

Coding: 0 = All measurement blocks for a particular measurement type are contained in
one Type 11 message.

1 = This is the first transmitted message of a linked pair of Type 11 messages
that together contain the set of all measurement blocks for a particular measurement type.

2 = Spare

3 = This is the second transmitted message of a linked pair of Type 11 messages
that together contain the set of all measurement blocks for a particular measurement type.
Number of measurements: the number of measurement blocks in the message.

Measurement type: as defined in 9.10.4.2.3.

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 1l 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 (PRC30): the correction to the ranging source pseudo-range

based on 30-second carrier smoothing.

Range rate correction (RRC30): the rate of change of the pseudo-range correction based
on 30-second carrier smoothing.B-17

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 100-
second smoothed correction in the Type 1 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 spr_gnd for the corresponding
measurement in the Type | message in that spr_ gnd_D should include no inflation 1o
address overbounding of decorrelated ionospheric errors.

Coding: 1111 1111= Ranging source correction invalid.

Sigma_PR_gnd_30s (opr_gnd_30): the 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(O, spr_gnd_30) is intended to be an appropriate
description of the errors to be used in optimizing the weighting used in a weighted least
squares position solution. The distribution need not bound the errors as described in
9.1055.1and 9.10.7.22 4.

Coding: 1111 1111=Ranging source correction invalid.
9.10.5 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.

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 1s defined by the following filter:

A
Psm=P+(1-0)[ P, * E(q)n'q’n-l)

where
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= the smoothed pseudo-range;
PCSCn-1 = 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;

A = the L1 wavelength;

én = the carrier phase;

¢n—1 = the previous carrier phase; and

a = the filter weighting function equal to the sample interval divided by the

smoothing time
constant. For GBAS pseudo-range corrections in Message Type 1 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 11, the smoothing time constant is 30 seconds.

9.10.5.2 Corrected pseudo-range. The corrected pseudo-range for a given satellite at
time 7 is:

PRmeqed= Prge + PRC + RRC % (t — tz-count) + TC = ¢ % (Atg)1;

Where
PCSC = the smoothed pseudo-range (defined in 9.10.5.1);
PRC = the pseudo-range correction from the appropriate message
a) For 100-second smoothed pseudo-ranges, PRC is taken from
message type 1 or type 101 (defined in 9.10.4.2,
b) For 30-second smoothed pseudo-ranges, PRC is PRC30 taken from
message type 11 defined in 9.10.4.11;
RRC = 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 in 9.10.4.2,

b) For 30-second smoothed pseudo-ranges, RRC is RRC30 taken from
message type 11 defined in 9.10.4.11;

t = the current time;

tz-count = the time of applicability derived from the modified Z-count of the
message containing PRC and RRC;

TC = the tropospheric correction (defined in 9.10.5.3); and
¢ and (Atsv)L1 are as defined in 9.5.2.2 for GPS satellites.

9.10.5.3 TROPOSPHERIC DELAY
9.10.5.3.1 The tropospheric correction for a given satellite is:
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106 N
TC=N;h, - (1-e70)
,/0.002 + sin?(EL)

Where

Nr = refractivity index from the Type 2 message (9.10.4.3);
Ah = height of the aircraft above the GBAS reference point;
El, = elevation angle of the i" satellite; and

h, = troposphere scale height from the Type 2 message.

9.10.5.3.2  The residual tropospheric uncertainty is:
1078 (
J/0.002 + sin2(EL) |

Otrope = onho 1 - /o )

where 0, = the refractivity uncertainty from the Type 2 message (3.6.4.3).
9.10.5.4 Residual ionospheric uncertainty. The residual ionospheric uncertainty for a
given satellite is:

Oiono = Fpp X Oy X (Xyip + 2 X TX V)

iono vig

where

Fyp = the vertical-to-slant obliquity factor for a given satellite (9.9.5.5.2);

Oyig = is dependent on the active GAST.
For GAST A, B or C, Oy, = Oyert_jono_gradient (@8 defined in 9.10.4.3); For GAST D,
leg = O\Veri_mnn gradient_D (aS defined in 9104322)v

Xair = the distance (slant range) in metres between current aircraft location and the
GBAS reference point indicated in the Type 2 message;

T = 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 Tt depends on whether 0, is applied in measurement
weighting or in integrity bounding. T = 100 seconds when o,,,, is used for
integrity bounding (per section 9.10.5.5.1.1.1) and t = 30 seconds when 0, is
used for measurement weighting (per section 9.10.5.5.1.1.2).

Vair = the aircraft horizontal approach velocity (metres per second

9.10.5.5  PROTECTION LEVELS

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{VPL,VPLy,}
LPL = MAX{LPLy,.LPLy,}

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

Where

and

opr _gnd,i

Kiima
s_vert;

s_lat;
SX 1

Sy,l

(LPLHO), assuming that normal measurement conditions (i.e. no faults)
exist in all reference receivers and on all ranging sources, is calculated as:

VPL 4, =K 5,40 en T Dy

LPL =K 50401 7D

N
i Wl
O =.| D5 _Vert; xo;
[

N
e SRR, |
O =,|7.5_lat; xo,
o]

- e 2 2 2 £
=0 o andi ¥ 0 wopad ¥ 0w ains ¥ O lamoiic

is dependent on the active GAST.

For GAST A, B or C: =0y gna for the i" ranging source as

) ° opr_gnd,i
defined in  (9.10.4.2);
For GAST D: 0y _gnqi = Opr_gaa_p foOr the i" ranging source (9.10.4.11);
O gopol s 05 airs and 0%, ; are as defined in section 9.10.5.5.1.1.2;

= the multiplier derived from the probability of fault-free missed detection;
=s,;+ S,; X tan (GPA);

= the partial derivative of position error in the x-direction with respect to
pseudo-range error on the ith satellite;

the partial derivative of position error in the y-direction with respect to
pseudo-range error 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 100-second position
solutions.

DL = an airborne determined parameter depending on the active GAST For GAST

A,BorC: DL = 0 For GAST D: DL is calculated as the magnitude of the
lateral projection of the difference between the 30-second and 100-second
position solutions.

Note 1.— The airborne 30-second and 100-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:

Sx,1 Sx,2 * SyN

— vl “y2 yN -
§= o |=(GETXWXG)IXG xW

Sv1 SV,Z e v,.N

St1 Stz SN
where

Gi = [-cosEl cos Az —cos E); sin Az —sin EL 1] =1i" row of G; and
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- LR

- -=1

TR LS

% 0
. 0 oLiila R
0 0 ok

where Ozw.i= o 2PrJnd.l +0 2lmpo.l +0 2pr_air.i +0 2innn,l;

where

Opr_enai = 18 dependent on the active GAST.

For GAST A, B or C or the GBAS positioning Service: 0y 44q;= 0 p gna fOr
the ith ranging source as defined in (9.10.4.2); For GAST D: 0, 4,4 =

Opr_gnd_30 fOT the i® ranging source (9.10.4.11);

Oyropo,i = the residual tropospheric uncertainty for the ith ranging source
(9.10.5.3);

Oiono; = the residual ionospheric delay (due to spatial decorrelation)
uncertainty for the ith ranging source (9.10.5.4); and

~ -

LV = 'J Ufmcnc: 'aE]i] + Gi:ulllp.il.h rEI":I"

pr_meri

the standard deviation of the aircraft contribution to the corrected pseudo-range error for
the ith ranging source. The total aircraft contribution includes the receiver contribution
(9.10.8.2.1) and a standard allowance for airframe multipath;

where

Ouipan(ELD) = 0.13 + 0.53¢ ' *¢ the standard model for the contribution of airframe
multipath (in metres);

Eli = the elevation angle for the i" ranging source (in degrees); and

Az, = the azimuth for the i" ranging source taken counter clockwise for the x axis (in
degrees).

Note.— To improve readability, the subscript 1 was omitted from the projection matrix’s
equation.

9.10.5.5.1.2 Faulted measurement conditions. When the Type 101 message is broadcast
without B parameter blocks, the values for VPL;, and LPLy, are defined as
zero. Otherwise, the vertical protection level (VPLy,) and lateral protection
level (LPL;,), assuming that a latent fault exists in one, and only one
reference receiver, are:
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VPLy, = max [VPL;] + D,
LPL,;;, = max [LPL;] + D,

where VPL;and LPL, for j =1 to 4 areVPL;=IB .yl + Kyyg overrir @and
LPLJ = IB_laljl it Kmd olat H1

Dy, = an airborne determined parameter depending on the active GAST (9.10.5.5.1.1.1)
D, = an airborne determined parameter depending on the active GAST (9.10.5.5.1.1.1)

and

B_vert, = T (s_vert; x By);

Blst = TN(slaty x By):

B, = the broadcast differences between the broadcast pseudo-range corrections and the
corrections obtained excluding the |* reference receiver measurement for the i* ranging
sougce;

Ky = the nmltiplier derived from the probability of missed detection given that the ground
subsystem 15 faulted;

2 N N -
Cownili = Zr—l (s_vert] x o_H1}):
3 N 3 2
Cum = X, (slatf x o HIf);
e HI, = () 0 it O st Canpos* Tiomas

U
Uy/

Oy gna; 18 dependent on the active GAST.

For GAST A, B or C: O, y; = Oy ga for the ith ranging source as defined in
(9.104.2);

For GAST D: opr_gnd,i = opr_gnd_D for the ith ranging source (9.10.4.11);

O 2opoi + O 2pr_airi AN O 5500 are as defined in section 9.10.5.5.1.1.2;

Mi = the number of reference receivers used to compute the pseudo-range
corrections for the i

ranging source (indicated by the B values); and
Ui = the number of reference receivers used to compute the pseudo-range
corrections for the ith

ranging source, excluding the j" reference receiver.

Note.— A latent fault includes any erroneous measurement(s) that is not immediately
detected by the ground subsystem, such that the broadcast data are affected and there is
an induced position error in the aircraft subsystem.
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9.10.5.5.1.3 Definition of K multipliers for GBAS approach services. The multipliers
are given in Table B-67

Table B-67. K-multipliers for GBAS approach services

[] Mi
e Multiplier LI A « 2 e 3 4
Ko 6.86 5.762 5381 5847
Not used 2935 2.898 2.878

md

Note.— For GAST A supported by Type 101 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{HPL,,,HPL,,, HEB}

9.10.5.5.2.1 Normal measurements conditions. The horizontal protection level (HPLy,),
assuming that normal measurement conditions (i.e. no faults) exist in all
reference receivers and on all ranging sources, is calculated as:

HPLsp = Ketna 505 major

f
where: Amajor= l'd‘ :d’ + {(%)- +dg
. ‘

2_vN o242
d; =Yiz1 5%i0;

2_9vN 2.2
dy — 4=l S;.io"
—vN 2
dxy = Zi:l Syi Sy..ioi
SX,1 = the partial derivative of position error in the x-direction with respect to
pseudo-range error on the i satellite

sy, = the partial derivative of position error in the y-direction with respect to
pseudo-range error on the ith satellite

Kimapos = the multiplier derived from the probability of fault-free missed detection
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N = the number of ranging sources used in the position solution
i = the ranging source index for ranging sources used in the position solution
ai = the pseudo-range error term as defined in 9.10.5.5.1.1

Note.— For the GBAS positioning service, the x and y axes define an arbitrary
orthogonal basis in the horizontal plane.

9.10.5.52.2 Faulted measurement conditions. When the Type 101 message is broadcast
without B parameter blocks, the value for HPLy, is defined as zero.
Otherwise, the horizontal protection level (HPLy,), assuming that a latent
fault exists in one and only one reference receiver, is:

HPL, = IB_horz| + K4 posQuajors1
where HPL, forj=1to41s:

HPL, = [B_horzj| + Keut pos mjec st
and

[/ x

2 ik 2
B_horz, = '( S,‘,BL,) +( Sv.xBi.>
: \1 =1 i ; o

By = the broadcast differences between the broadcast pseudo-range corrections and the corrections obtained
excluding the ™ reference receiver measurement for the i* ranging source.

Keng pos

)

the multiplier denived from the probability of missed detection given that the ground subsystem is faulted.

f !

/d_H1; +d_HI; g(d_mj —d_HIJ

2 *

J N

N
d_H12- Z 2,0 HI?
)

Qrmgorsis = | ‘ 5 ) +d_HL,

N

a_1-11§=2 $,0_H1}
-

N
4 HI_= Z Sxisy0_HI

=1

Note.— For the GBAS positioning service, the x and y axes define an arbitrary erthogonal basis in the horizontal plane.
2 My 2 2 2
o _Hlf = F Opr_gnds + Opr_ari + Oropo.i + Gionas
i

M, = the number of reference receivers used to compute the pseudo-range comections for the i® ranging source
(indicated by the B values).

Ui = the number of reference receivers used to compute the pseudo-range comections for the i® ranging source,
excluding the j* reference receiver

Note.— A latent fault includes any erroneous measurement(s) that is not immediately
detected by the ground subsystem, such that the broadcast data are affected and there is
an induced position error in the aircraft subsystem.
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9.10.5.5.2.3 Definition of K multipliers for GBAS positioning service. The multiplier

9.10.5.6

Kiima pos is equal to 10.0 and the multiplier K, pos, is equal to 5.3.

ALERT LIMITS

Note 1.— 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 11 Vol I, Attachment D, 7.13.

Note 2. — Computation of alert limits depends on the active service type.

9.10.5.6.1

9.10.5.6.2

9.10.5.7

GAST C and D alert limits. The alert limits are defined in Tables B-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.

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.

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. If 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) + 411(S)

Where

F = the data broadcast frequency (MHz)
S =RPDS or RSDS

and

RPDS = the reference path data selector for the FAS data block (as defined in

9.104.5.1)

RSDS = the reference station data selector for the GBAS ground subsystem (as

defined in 9.10.4.3.1)
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Table B-68. GAST C and D lateral alert limit

Height above LTP/FTP of aircraft Vertical alert limit

position (metres)

translated onto the final approach

path

(feet)

H <200 FASVAL

200 <H <1340 0.02925H (ft) + FASVAL - 5.85
H> 1 340 FASVAL + 33.35

Table B-69. GAST C and D vertical alert limit

Horizontal distance of aircraft Lateral alert limit
position (metres)

from the LTP/FTP as translated

along the final approach path

(metres)

D <873 FASLAL

873 <D <7500 0.0044D (m) + FASLAL - 3.85
D > 7500 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 1.— When the FAS is not broadcast for an approach supported by GAST A or B, the
GBAS approach is associated with a channel number in the range 40 000 to 99 999.

Note 2.— Guidance material concerning channel number selection is provided in ANS
Technical Standards Part II, Vol I, Attachment D, 7.7.

9.10.5.8 EPHEMERIS ERROR POSITION BOUND

Note.— Ephemeris error position bounds are computed only for core satellite
constellation ranging sources used in the position solution (j index) and not for other
types of ranging sources (SBAS satellites or pseudolites) that are not subject to
undetected ephemeris failures. However, the calculations of these position bounds use
information from all ranging sources used in the position solution (i index).
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9.10.5.8.1  GBAS approach. The vertical and lateral ephemeris error position bounds
are defined as:

VEB = MAX{VEB} + D,
LEB = MAX {LEB} + D,

The vertical and lateral ephemeris error position bounds for the j* core satellite
constellation ranging source used in the position solution are given by:

VEBj=|s_veﬂj|me,j+Kmdﬁ.

LEB,=|s_lat,|x,.P,

where:

DV = an airborne determined parameter depending on the active GAST
(9.105.5.1.1.1)

DL= an airborne determined parameter depending on the active GAST
(9.1055.1.1.1)

S_vert; o is defined in 9.10.5.5.1.1

s_lat;; is defined in 9.10.5.5.1.1

Xair is defined in 9.10.5 4

N is the number of ranging sources used in the position solution

g, is defined in 9.10.5.5

P, is the broadcast ephemerls decorrelation parameter for the j" ranging

source The source of this parameter depends on the active GBAS approach service type:

GAST A, B or C: Pe,—P from the Type 1 or Type 101 Message
corresponding to the j" ranging source. (section 9.10.4.2.3) GAST D:
P=P;, from the Type 11 Message corresponding to the j™ ranging
source. (section 9.10.4.11.3).

Ko ej 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_e,j = Kmd_e,GPS or Kmd_e GLONASS as
obtained from the Type 2 Message Additional Data block 1 (section
9.104.3.1)

GAST D: Kmd_e,j = Kmd_e_D,GPS or Kmd_e D ,GLONASS are
from the Type 2 Message Additional Data block 3 (section
9.104.3.22).
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9.10.5.8.2  GBAS positioning service. The horizontal ephemeris error position bound is

defined as:
HEB = MAX{HEB;}
J

The horizontal ephemeris error position bound for the j" core satellite constellation
ranging source used in the position solution is given by:

HEB, = |Smj |3ij + Kpd e posmajor

where:

Shm'/‘dZ = Sx.i2+s)’j2

Sy, is as defined in 9.10.5.5.2.1

Syj is as defined in 9.10.5.5.2.1

Xair is defined in 9.10.5 .4

P; is the broadcast ephemeris decorrelation parameter for the j™ 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 1 or
Type 101 Message (section 9.10.4.2.3) corresponding to the j" ranging
source.

Kind e pos is the broadcast ephemeris missed detection multiplier for the GBAS
positioning service associated with the satellite constellation for the j"
ranging source (K c poscps OF Kuna e poscLonass)

D is as defined in 9.10.5.5.2.1

major

9.10.5.9 Ionospheric gradient error

The maximum undetected 30-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.

9.10.6 MESSAGE TABLES

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 1 pseudo-range corrections message

Data content Bits used Range of values Resolution
Modified Z-count 14 0to110905s 01s
Additional message flag 2 Oto3 1
Number of measurements (N) 5 0to 18 1
Measurement type 3 Oto7 1
Ephemeris decorrelation parameter (P) 8 0101275 x 107 m'm 5% 10°mm
Ephemens CRC 16 — —
Source availability duration 8 0to25405s 10s
For N measurement blocks
Ranging source [D 8 110255 1
Issue of data (I0D) 8 0to 255 1
Pseudo-range correction (PRC) 16 =32767m 00Im
Range rate correction (RRC) 16 =32.767 m's 0.001 m's
Opr end S 0t05.08m 0.02m
B, 8 =6.35m 005m
B: 8 =6.35m 005m
B: 8 =6.35m 005m
B. 8 =6.35m 005m
Table B-70A. Type 101 GRAS pseudo-range corrections mes
Data content Bits used Range of values Resolunon
Modified Z-count 14 0t0119995 01ls
Additional message flag 2 Oto3 1
Number of measurements (N) 5 Oto 18 1
Measurement type 3 Oto7 1
Ephemeris decorrelation parameter (P) 8 0t01.275 < 107 m/m 5x10%ma
Ephemeris CRC 16 - —
Source availability duration 8 0to2540s 10s
Number of B parameters 1 Oor4 —
Spare 7 — ——
For N measurement blocks
Ranging source ID N 1t0 255 1
Issue of data (I0D) 8 0to 255 1
Pseudo-range correction (PRC) 16 =32767m 00l m
Range rate correction (RRC) 16 +32.767 /s 0.001 mv's
Gpr zmd 8 0toS0.8m 02m
B parameter block (if provided)
B 8 =254m 02m
B, 8 =254m 02m
B: 8 =254m 02m
B. 8 =254m 02m
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Table B-70B. Type 11 pseudo-range corrections (30-second smoothed pseudo-ranges)
message

Data content Bits used  Range of values Resolution
Modified Z-count 14 0-1199.9 sec 0.1 sec
Additional message flag 2 0-3 1

Number of measurements 5 0-18 1
Measurement type 3 0-7 1
Ephemeris decorrelation 8 0-1.275x10-3 5x10-6 m/m
parameter D (PD) (Notes 1, 3) m/m

For N measurement blocks:

Ranging source ID 8 1-255 1
Pseudo-range correction 16 +327.67m 00l m
(PRC30)

Range rate correction (RRC 30) 16 +32.767 m/s 0.001 m/s
Sigma_PR_gnd_D (sprgndD) 8 0-508m 0.02m
{Note 2)

Sigma_PR_gnd_30s 8 0-508m 0.02m

(spr_gnd_30) (Note 2)

Notes:

1. For SBAS satellites, the parameter is set to all zeros.

2.1111 1111 indicates the source 1s invalid.

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 Resolution
values
GBAS reference receivers 2 2to 4 —
Ground accuracy designator letter 2 — —
Spare 1 — —
GBAS continuity/integrity 3 Oto7 1
designator
Local magnetic variation 11 +180° 0.25°
Reserved and set to zero (00000) 5 — —
O yertionogradient 8 010255 x 0.1 x 10-6 m/m
10-6 m/m
Refractivity index 8 16 to 781 3
Scale height 8 0to 25 500 100 m
m
Refractivity uncertainty 8 0to 255 1
Latitude 32 +90.0° 0.0005 arcsec
Longitude 32 +180.0° 0.0005 arcsec
GBAS reference point height 24 +83 886.07 00l m
m

Additional data block 1 (if provided)
Reference station data selector 8 0to48 1
Maximum use distance (Dmax) 8 2t0 510 km 2 km
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Kingepos aps 8 0to 12.75 0.05
Kn\dtGPS 8 0to 12.75 0.05
Kindacpos GLoNASS 8 0to 12.75 0.05
Kinge GLoNASS 8 0to 12.75 0.05
Additional data blocks (repeated for all provided)

Additional data block length 8 2to 255 1
Additional data block number 8 2 to 255 1
Additional data parameters Variable - —

Note. — Multiple additional data blocks may be appended to a Type 2 message

Table B-71B. Type 3 null message

Data content Buts uzed Range of values Resoluton

Filler Variable (Note) NA NA

Table B-72. Type 4 FAS data message

Data content Bits used Range of values Resolution
For N data sets

Data set length 8 2to 212 1 byte
FAS data block 304 — -

FAS vertical alert limit/approach status 8

(1) when associated approach 0to50.8 m 02m

performance designator

(APD) is coded as 0

(2) when associated approach 0to254m 0.l m
performance designator

(APD) is not coded as 0

FAS lateral alert 8 0to 50.8 m 02m
limit/approach status
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Table B-73. Type 5 predicted ranging source availability message

Data content Bats used Range of values Resoluhon
Modified Z-count 14 0to119905s 01s
Spare 2 — -
Number of impacted sources (N) 8 0to31 1
For N impacted sources
Ranging source ID 8 1t0255 1
Source availability sense 1 — —
Source avatlability duration 7 0t01270s 10s
Number of obstructed approaches (A) 8 0to 255 1
For A obstructed approaches
Reference path data selector 8 0to48 —
Number of impacted sources for this 8 1to31 1
approach (Ny)
For N impacted ranging sources for this
approach
Ranging source ID 8 1t0 255 1
Source availability sense 1 — —
Source availability duration 7 0to12705s 10s

9.10.6.1 PERFORMANCE

9.10.6.1.1  Accuracy

9.10.6.1.1.1 The root-mean-square (RMS) (1 sigma) of the ground subsystem
contribution to the corrected 100-second smoothed pseudo-range accuracy
for GPS and GLONASS satellites shall be

Il(ao +a,e-9/8)2

, 2
RMSpr gna = | M +(a2)°
\
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 of M is defined as 1;
n =n" ranging source;
On = elevation angle for the nth ranging source; and

a,, 4,, a,, and 0, = parameters defined in Tables B-74 and B-75 for each of the
defined ground accuracy designators (GADs).

Note 1.— 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 100-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 aircraft noise and aircraft multipath.

Table B-74. GBAS — GPS accuracy requirement parameters

Ground accuracy 6. a a 6 a
designator letter (degrees) (metres) (metres) (degrees) (metres)
A 25 0.5 1.65 143 0.08
B 25 0.16 1.07 155 0.08
C > 35 0.15 0.84 155 0.04
5to 35 024 0 - 0.04

Ground accwracy 6, a a 6 a
designator letter (degree:) (metres) (metres) (degrees) (metres)
A =5 158 5.18 143 0.078
B ES) 03 2.12 155 0.078
C =35 03 1.68 155 0.042
5t035 048 0 e 0.042

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:

18
RMS,, g = Wi (metres)
v
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 1.— 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 effects of all other GBAS, 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 probability that the
ground subsystem provides information which when processed by a fault-free receiver,
using any GBAS data that could be used by the aircraft in the service volume,, results in
an out-of-tolerance lateral or vertical relative position error without annunciation for a
period longer than the maximum signal-in-space time-to-alert. An out-of-tolerance
lateral or vertical relative position error is defined as an error that exceeds the GBAS
approach services protection level and, if additional data block 1 is broadcast, the
ephemeris error position bound.

9.10.7.1.2.1.1.2  Ground subsystem signal-in-space integrity risk for GBAS approach
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 107 per approach.

Note 1.— The integrity 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 integrity
risk (9.10.7.1.2.2.1) has been excluded and the effects of all other GBAS, SBAS and core
satellite constellations failures are included.

Note 2.— For GAST D the GBAS signal-in-space integrity risk is defined as the
probability that the ground subsystem provides information which when processed by a
fault-free receiver, using any GBAS data that could be used by the aircraft in the service
volume, in the absence of an ionospheric anomaly results in an out-of-tolerance lateral
or vertical relative position error without annunciation for a period longer than the
maximum signal-in-space time-to-alert. An out-of-tolerance lateral or vertical relative
position error is defined as an error that exceeds the GBAS approach services protection
level and the B-32 ephemeris error position bound. For GAST D, out of tolerance
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 1 x 10~ in any one landing.

Note 1.— This additional integrity risk requirement assigned to FAST D GBAS ground
subsystems is defined in terms of the probability that internal ground subsystem faults
generate non-compliant information. Non-compliant information in this context is
defined in terms of the intended function of the ground subsystem to support landing
operations in Category Il 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 interference, GNSS signal multipath, etc.) are not considered faults; however,
Jaults in ground subsystem equipment used to monitor for or mitigate the effects of these
environmental conditions 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
9.10.7.34.

Note 3.— Faults that occur in ground receivers used to generate the broadcast
corrections are excluded from this requirement if they occur in any one, and only one,
ground receiver at any time. Such faults are constrained by the requirement in
9.10.7.1.2.2.1.2 and the associated integrity risk requirement in 9.10.7.1.2.2.1 and
9.107.1.2.2.1.1.

9.10.7.1.2.1.2 Ground subsystem time to alert for GBAS approach services
9.10.7.1.2.1.2.1  Maximum time to alert for approach services

9.10.7.1.2.1.2.1.1 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 1 messages are broadcast.

Note 1.— The ground subsystem time-to-alert above is the time between the onset of the
out-of-tolerance lateral or vertical relative position error and the transmission of the
last bit of the message that contains the integrity data that reflects 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 9.10.7.34. In
these sections, time limits are defined for the ground system to detect and alert the
airborne receiver of out-of-tolerance differential 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 101 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 10 metres.

9.10.7.1.2.1.3.2 For 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 I, 3.7.2.4 of this document for the
intended operational use.
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9.10.7.1.2.1.4  Ground subsystem signal-in-space integrity risk for GBAS positioning
service. For GBAS ground subsystem that provides the GBAS positioning service,
integrity risk shall be less than 9.9 x 1078 per hour.

Note 1.— 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
(9.10.7.1.2.2.2) has been excluded and the effects of all other GBAS, SBAS and core
satellite constellations failures are included. The GBAS ground subsystem integrity risk
includes the integrity risk of 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 information 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 without annunciation for a period longer than the
maximum time-toalert. An out-of-tolerance horizontal relative position 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 1
messages are broadcast and less than or equal to 5.5 seconds when Type 10l 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 integrity data that reflects the condition.

9107122 Protection level integrity 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 107 per approach.

Note.— For approach services, the protection level integrity risk is the integrity risk due
to undetected errors in the 100-second smoothed position solution relative to the GBAS
reference point greater than the associated protection levels under the two following
conditions:

a) normal measurement conditions defined in 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 ground subsystem bounding of the 100-second smoothed GAST D position
solution will ensure that the 30s smoothed GAST D position solution is bounded.

9.10.7.1.2.2.1.1 Additional bounding requirements for FAST D ground subsystems.

The svert (used in computing the protection level VPLHO) and slat (used in computing
the protection level LPLHO) for GAST 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:

jf,(x)cm < Qllt forall ¥ >0 and
: 3 G

jfn(x)dxsoli] forall 120
ik }G,‘ (4]

where

fn(x) = probability density function of the differential vertical or lateral position error
excluding the airborne contribution, and

Q) = Jl—nj

&
2

dt

The Oy (used in computing the protection level VPLy,) and Oy, (used in computing
the protection level LPLy;,;) for GAST 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 1.— 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
1 x 107 per 150 seconds.

Note.— Faulted measurements can occur from faults within the receiver or from
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 107’ 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 relative to the GBAS reference point
greater than the GBAS positioning service protection level under the two following
conditions:

a) normal measurement conditions defined in 9.10.5.5.2.1; and
b) faulted measurement conditions defined in 9.10.5.5.2.2.

9.10.7.1.3 Continuity 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 1 — 8.0 x 107 per 15
seconds.

Note.— The GBAS ground subsystem continuity of service is the average probability per
15-second period that the VHF data broadcast transmits data in tolerance, VHF data
broadcast field strength is within the specified range and the protection levels are lower
than the alert limits, including configuration changes that occur due to the space
segment. This continuity of service requirement is the entire allocation of the signal-in-
space continuity requirement as contained in these regulations, and therefore all
continuity risks included in that requirement must be accounted for 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, excluding ranging source monitoring,
causing an unscheduled interruption of service for a period equal to or greater than 1.5
seconds shall not exceed 2.0 x 10 during any 15 second interval. The probability that
the ground subsystem excludes any individual fault-free ranging source from the Type 1
or Type 11 corrections due to a false detection by the ground integrity monitors shall not
exceed 2.0 x 107 during any 15 second interval.

Note I.— Loss of service includes failures resulting in loss of the VHF data broadcast,
failure to meet the VHF data broadcast field strength, failures resulting in transmission
of out-of-tolerance VHF broadcast data, and alert due to an integrity failure. Guidance
material on the potential causes of loss of service and monitor false detections are
contained in ANS Technical Standards Part I Vol I, Attachment D, 7.6 .2 .1.

Note 2. — Continuity for FAST D is defined as the probability that the ground subsystem
continues to provide the services associated with the intended ground subsystem
SJunctions. Total aircraft continuity of navigation system performance in the position
domain must be evaluated in the context of a specific satellite geometry and aeroplane
integration. Evaluation of position domain navigation service continuity Is the
responsibility of the airborne user for GAST D. Additional information regarding
continuity is given in ANS Technical Standards Part Il Vol I, Attachiment D, 7.6.2.1.
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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
9.10.7.2.1.1 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

9.10.7.2.1.1.2 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 I Vol I, Attachment D, 7.17.

9.10.7.2.1.1.3 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 1
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 1 allows the airborne receiver to select the
GBAS ground subsystem that supports the approach procedures in the airborne
database. FAS blocks may also be broadcast to support operations by aircraft without an
airborne database. These procedures use different channel numbers as described in ANS
Technical Standards Part Il Vol I, Attachment D, 7.7 .

9.10.7.2.1.1.4 When the Type S5 message is used, the ground subsystem shall
broadcast the Type 5 message at a rate in accordance with Table B-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 S message may be used to broadcast additional information to the aircraft.

9.10.7.2.1.1.5 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 B-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 B-76.
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Note.— Guidance material concerning the use of multiple antenna systems is provided in
ANS Technical Standards Part Il Vol I, Attachment D, 7.12 4.

Table B-75A. GBAS message types for supported service types

Message Type
MT 1

MT 2
MT2-ADB 1

MT2-ADB 2

MT2-ADB 3
MT2-ADB 4
MT3-Note 5
MT 4

MT 5

MTI1 - Note 6
MT 101

GAST A — Note |
Optional — Note
2

Required
Optional — Note
3

Optional — Note
4

Not used
Recommended
Recommended
Optional
Optional

Not used
Optional — Note
2

Note 1.— Definition of terms:
* Required: Message needs to be transmitted when supporting the service type;

* Optional: Message transmission 1s optional when supporting the service type (not used

by some or all airborne subsystems);

* Recommended: Use of the message is optional, but recommended, when supporting the

service type;
¢ Not used: Message is not used by airborne subsystems for this service type;

* Not allowed: Message transmission is not allowed when supporting the service type.

GAST B - Note |
Required

Required
Optional ~ Note
3

Optional — Note
4

Not used
Recommended
Recommended
Required
Optional

Not used

Not allowed

GAST C - Note 1
Required

Required
Optional — Note
3

Optional — Note
4

Not used
Recommended
Recommended
Required
Optional

Not used

Not allowed

GAST D — Note |
Required

Required
Required

Optional

Required
Required
Required
Required
Optional
Required
Not allowed

Note 2 — Ground subsystems supporting GAST A service types may broadcast Type 1 or 101

Messages but

not both. Guidance material concerning usage of the Type 101 message is provided in

ANS Techncal

Standards Part Il Vol 1

Attachment D, 7.18.

Note 3 — MT2-ADBI 15 required if positioning service is offered.

Note 4 — MT2-ADB2 is required if GRAS Service is offered.

Note 5.— MT3 is recommended (GAST A, B, C) or required (GAST-D) to be used only in order to

meet slot

occupancy requirements in 9.10.7.4.1.3.

Note 6.— Guidance material concerning usage of the Type 11 message is provided in ANS
Technical Standards Part Il

Vol I Attachment D, 7.20.
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Table B-76. GBAS VHF data broadcast rates

Message type Minimum broadcast rate Maximum broadcast rate
1 orl01 For each measurement type: For each measurement type:

All measurement blocks once per frame (Note)

2 Once per 20 consecutive frames

3 Rate depends on message length
and scheduling of other messages
(see section 9.10.7.4.1.3.)

4 All FAS blocks once per 20 consecutive frames

5 All impacted sources once per 20 consecutive frames
consecutive frames

11 For each measurement type:

All measurement blocks once per frame (Note)

All measurement blocks once per slot
Once per frame

Once per slot and eight times per frame
All FAS blocks once per frame

All impacted sources once per 5

For each measurement type:
All measurement blocks once per slot

Note.—

One Type 1, Type 11 or Type 101 message or two Type 1, Type 11 or Type 101 messages
that are linked using the additional message flag described in 9.10.4.2,9.10.4.10.3 or

9.104.11.3

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

9.10.7.4).

9.10.72.1.3.2 All ground subsystems classified as FAST D shall support VDB

9.10.7.2.2

9.10.7.2.2.1

9.10.7.2.2.2

authentication (section 9.10.7 4).
Pseudo-range corrections

Message latency. The time between the time indicated by the modified Z-
count and the last bit of the broadcast Type 1, Type II or Type 101
message shall not exceed 0.5 seconds.

Low-frequency data. Except during an ephemeris change, the first ranging
source in the Type 1, Type 11 or Type 101 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 10 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 1, Type I or Type 101 message (see Note). If the ephemeris CRC
changes and the 10D does not, the ground subsystem shall consider the
ranging source invalid.

Note.— The delay before the ephemeris transition allow sufficient time 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

9.10:7.2:2.3

9.10.7.2.2.4

core satellite constellation’s ranging source shall be broadcast as
frequently as possible.

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 9.10.5.1.

Broadcast signal-in-space integrity parameters. The ground subsystem shall
provide 0,, ,,q and B parameters for each pseudo-range correction in Type |
message such that the protection level integrity risk requirements defined in
9.10.7.1.2.2 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 0, ,,4 and, if necessary, B parameters for each pseudo-range
correction in Type 101 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 101 messages. Guidance
material regarding the B parameters in Type 101 messages is contained in ANS
Technical Standards Part Il Vol I Attachment D, 7.5.11.

9.10.7.2.2.4.1 Broadcast signal-in-space integrity parameters for FAST D Ground

subsystems. Ground subsystems that support GAST D shall provide
Sigma_PR_gnd_D in the Type 11 message and B parameters for each
pseudo-range correction in the Type 1 message such that the protection
level integrity risk requirement defined in 9.10.7.1.2.2.1 is satisfied.
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9.10.7.2.24.2 For FAST D systems broadcasting the Type 11 message, if opr_gnd is

coded as invalid in the Type 1 message, then the Sigma_PR_gnd_D for
the associated satellite in the Type 11 message shall also be coded as
invalid.

9.10.7.2.2.5 Reference receiver measurements shall be monitored. Faulted

measurements or failed reference receivers shall not be used to compute
the pseudo-range corrections.

9.10.7.2.2.6  Repeated transmission of Type 1, Type Ilor Type 101 messages. For a

given measurement type and within a given frame, all broadcasts of Type
1, Type II or Type 101 messages or linked pairs from all GBAS broadcast
stations that share a common GBAS identification, shall have identical
data content.

9.10.7.2.2.77  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.

9.10.7.22.8 Application of signal error models. lonospheric and tropospheric

corrections shall not be applied to the pseudo-ranges used to calculate the
pseudo-range corrections.

9.10.7.22.9  Linked pair of Type 1, Type Il or Type 101 messages. If a linked pair of

a)
b)
)

d)
e)

)

g)

h)

Type I, Type Il or Type 101 messages is transmitted then,

the two messages shall have the same modified Z-count;
the minimum number of pseudo-range corrections in each message shall be one;

the measurement block for a given satellite shall not be broadcast more than
once in a linked pair of messages;

the two messages shall be broadcast in different time slots; and
the order of the B values in the two messages shall be the same.

for a particular measurement type, the number of measurements and low-
frequency data shall be computed separately for each of the two individual
messages;

in the case of FAST D, when a pair of linked Type | messages are transmitted,
there shall also be a linked pair of Type 11 messages; and

if linked message types of Type 1 or Type 11 are used, the satellites shall be
divided into the same sets and order in both Type 1 and Type 11 messages.

Note.— Type 1 messages may include additional satellites not available in Type 11
messages, but the relative order of those satellites available in both messages is the same
in Type 1 and Type 11 messages. Airborne processing is not possible for satellites
included in the Type 11 message but not included in the associated Type 1 message.
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9.10.7.2.29.1

9.10.7.2.2.10

9.10.7.2.2.10.1

9.10.7:2.2.102

9.10.7.2.2.11

9.10.7.2.2.11.1

9.10.7.2.2.11.2

9.10.722.11.3

9.10.7.2.3

9.10.7.2.3.1

9.10.7.2.3.2

9.10.7.232.1

Linked messages should only be used when there are more pseudo-range
corrections to transmit than will fit in one Type 1 message.

Modified Z-count requirements

Modified Z-count update. The modified Z-count for Type 1 or Type 101
messages of a given measurement type shall advance every frame.

If Message Type 11 is broadcast, the associated Type 1 and Type 11
messages shall have the same modified Z-count.

Ephemeris decorrelation parameters

Ephemeris decorrelation parameter for approach services For ground
subsystems that broadcast the additional data block 1 in the Type 2
message, the ground subsystem shall broadcast the ephemeris
decorrelation parameter in the Type 1 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.

Ephemeris decorrelation parameter for GAST D. Ground subsystems
classified as FAST D shall broadcast the ephemeris decorrelation
parameter in the Type 11 message for each core satellite constellation
ranging source such that the ground subsystem signal-in-space integrity
risk 0of 9.10.7.1.2.1.1.3 is met.

GBAS positioning service. For ground subsystems that provide the
GBAS positioning service, the ground subsystem shall broadcast the
ephemeris decorrelation parameter in the Type 1 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.

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.

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 9.10.7.33.1 but not all of 9.10.7.1.2.1.1.2, 9.10.7.1.2.1.1.3,
9.10.7.1.2.2.1.1, 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 requirements. 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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Therefore, in that condition the GCID would be set to I, indicating that the ground
subsystem meets only FAST A, B or C.

9.10.7.2322

9.10.7.23.23

9.10.7.2.3.3

9.10.7.234

GCID indication for FAST D. If the ground subsystem meets the
requirements of 9.10.7.1.2.1.1.1, 9.10.7.12.1.1.2, 9.10.7.1.2.1.1.3,
9.10.7.1.22.1.1,9.10.7.1.2.2.1,9.10.7.1.3.1, 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.

GCID values of 3 and 4 are reserved for future service types and shall
not be used.

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.

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 1 m horizontal.

Note.— Relevant guidance material is given in ANS Technical Standards Part I Vol 1

Attachment D,

9.10.7.2.3.5
9.10.7.2.35.1

9.10.7.2.352

7.16.
Ionospheric uncertainty estimate parameter.

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.

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 in 9.10.7.1.2.2
are satisfied.

Note.— Guidance material concerning FAST D position domain error bounding for
ionospheric errors may be found in ANS Technical Standards Part I Vol I Attachment D,
756.13and7.56.14

9.10.7.2.3.6

9.10.7.2.3.7

9.10.7.2.3.8

For ground subsystems that provide the GBAS positioning service, the
ground subsystem shall broadcast the ephemeris error position bound
parameters using additional data block 1 in the Type 2 message.

All ground subsystems shall broadcast the ephemeris error position bound
parameters using additional data block 1 in the Type 2 message.

For ground subsystems that broadcast additional data block 1 in the Type
2 message, the following requirements shall apply:
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9.10.7.2.3.8.1 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.

9.10.7.23.8.3 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 1 and 2.

9.10.7.239.1 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 segment data

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 “1111 1111 to limit the approach to lateral only or
to indicate that the approach must not be used, respectively.

9.10.72.4.4 LTP/FTP for FAST D. For an approach that supports GAST D, the
LTP/FTP 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

9.10.7.2.5

FPAP location for FAST D. For an approach that supports GAST D, the
FPAP point in the corresponding 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.

Predicted ranging source availability data

Note.— Ranging source availability data are optional for FAST A, B, C or D ground
subsystems and may be required for possible future operations.

9.10.7.2.6
9.10.7.2.6.1

9.10.7.2.62

9.10.7.2.6.3

General functional requirements on augmentation

GBAS ground subsystems classified as FAST C or FAST D shall provide
augmentation based on GPS at a minimum.

Ground subsystems classified as FAST C shall be able to process and
broadcast corrections for at least 12 satellites of each core constellation for
which differential corrections are provided.

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.

9.10.72.64

Whenever possible, differential corrections for all visible satellites with an
elevation greater than 5 degrees above the local horizontal plane tangent to
the ellipsoid at the ground subsystem reference 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 example 9.10.7.3.3.1) does not preclude providing a
differential correction for a particular satellite.

9.10.7.3

9.10.7.3.1

9.10.7.3:1:

MONITORING

RF monitoring

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 I-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 subsystems that support authentication, ceasing the transmission of
data means ceasing the transmission of Type 1 messages and Type 11 messages if
applicable or ceasing the transmission of Type 101 messages. In accordance with
9.10.7.4.1.3, the ground subsystem must still transmit messages such that the defined
percentage or more of every assigned slot is occupied. This can be accomplished by
transmitting Type 2, Type 3, Type 4 or Type 5 messages.

9.10.7.3.1.2 TDMA slot monitoring. 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 1 second, shall be less than 1
x 107 in any 30-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 1 second shall be less than 2.0 x
1077 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 time-to-alert requirements given in 9.10.7.1.2.1. The monitoring
action shall be one of the following:
a) to broadcast Type 1 (and Type 11 if broadcast) or Type 101 messages with no
measurement blocks; or

b) to broadcast Type 1 (and Type 11 if broadcast) or Type 101 messages with the
Opr gna, (and O ; if broadcast) field set to indicate the ranging source is
invalid for every ranging source included in the previously transmitted frame; or

pr_gnd_D

¢) to terminate the data broadcast.

Note.— Monitoring actions a) and b) are preferred to c) if the particular failure mode
permits such a response, because actions a) and b) typically have a reduced signal-in-
space time-to-alert.

9.10.7.3.3  Integrity monitoring for GNSS ranging sources
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9.10.7.33.1 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 Il Vol I Attachment D, 8.11. 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 “1111 1111” for the satellite or to exclude the
satellite from the Type 1, Type 11 or Type 101 message.

9.10.7.3.3.1.1 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 1
Attachment D, 8.11.

9.10.7.3.3.2 For FAST D ground subsystems, the probability that the error at the
landing threshold point (LTP) of any runway for which the ground
subsystem supports GAST D, IErl, 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 11 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 1.);
b) code/carrier divergence;
¢) excessive pseudo-range acceleration, such as a step or other rapid change; and

d) erroneous broadcast of ephemeris data from the satellite.

Note 1.— Refer to ANS Technical Standards Part 1l Vol I Appendix D, section 8.11 for
Sfurther information on GAEC-D avionics relating to signal deformation fault.

Note 2.— Upon detection, a ranging source fault may be reflected in the Type 11
message by either:

a) removing the correction for the associated satellite from the Type 11 message; or

b) marking the satellite as invalid using the coding of opr_gnd_D (section 9.10.4.114).

Note 3.— The acceptable probability of missed detection region is defined with respect to
differentially corrected pseudo-range error. The differentially corrected pseudo-range
error, |Erl, includes the error resulting from a single ranging source fault, given the
correct application of GBAS ground subsystem Message Type 11 broadcast corrections
(i.e. pseudo-range correction and range rate corrections defined in Section 9.10.4.11) by
the aircraft avionics as specified within section 9.10.8.3. Evaluation of Pmd performance
includes GBAS ground subsystem fault-free noise. The growth of |Erl with time should
consider the data latency of the ground subsystem, but not the airborne latency.

Note 4.— Additional information regarding the ranging source fault conditions and
monitoring requirements for FAST D ground subsystems may be found in ANS Technical
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Standards Part II Vol I Attachment D, 7.5.12. Missed messages do not need to be
considered as part of compliance with this requirement.

Table B-76 A. Pmd_limit Parameters

Probability of Missed Detection Pseudo-range Error (metres)
Pmdlimit < 1 0<I|Erl <0.75

Pmdlimit < 10(-2.56xIErl + 1.92) 0.75 <IErl <27

Pmdlimit < 10-5 2.7 s|Erl <

9.10.7.3.3.3 For FAST D ground subsystems, the probability that an error at the landing
threshold point (LTP) of any runway for which the ground subsystem
supports GAST D, IErl, 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 1! message within 1.5
seconds shall be less than 1x10? in any one landing when multiplied by the
prior probability (P,,,.0n)-

Ranging source faults for which this 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 ephemeris data from the satellite.

Note 1.— It is intended that the prior probability of each ranging source fault (Papriori)
be the same 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 may be reflected in the Type 11
message by either:

a) removing the faulty satellite correction from the Type 11 message; or

b) marking the satellite as invalid using the coding of opr_gnd_D (section 9.104.11.4).
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 this requirement.

9.10.7.34  lonospheric gradient mitigation

For FAST D ground subsystems, the probability of an error (IEtl) in 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 broadcast Type 2 message, and (c) is not detected and
reflected in the broadcast Type 11 message within 1.5 seconds shall be less than 1 x 10°
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 exceed 2.75 metres.
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Note 1.— The total probability of an undetected delay gradient includes the prior
probability of the gradient and the monitor(s) probability of missed detection.

Note 2.— Validation guidance for this requirement can be found in ANS Technical
Standards Part 11 Vol 17.5.6.1.8.

9.10.7.4 FUNCTIONAL REQUIREMENTS FOR AUTHENTICATION PROTOCOLS

9.10.74.1

9.10.74.1.1

9.10.74.1.2

Functional requirements for ground subsystems that support authentication

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.

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 I, 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 for SSID = 0 would include slots
{A, B} while the MT 2 sanctioned slot group for SSID = 6 would include slots {G, H}.
The MT 2 sanctioned slot group for SSID = 7 includes slot {H} only.

9.10.7.4.1.2.1 The set of slots assigned to a ground station shall include at a minimum all

9.10.7.4.1.3

the slots in the MT 2 sanctioned slots as described in section 9.10.7.4.1.2.

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 1 — More information on the calculation of the slot occupancy is provided in ANS
Technical Standards Part I Vol I Attachment D, 7.21.

Note 2.— The requirement applies to the aggregate transmissions from all transmitters of
a GBAS ground subsystem. Due to signal blockage, not all of those transmissions may be
received in the service volume.

9.10.74.14

Reference path identifier coding. Every reference path identifier included in
every final approach segment data block broadcast by the ground subsystem
via the Type 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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= SSID of 0

SSID of 1

= SSID of 2

= SSID of 3

= SSID of 4

= SSID of 5

S SSID of 6

. SSID of 7

9.10.74.2  Functional requirements for ground subsystems that do not support

Coding:

HT<OTNX >

authentication

9.10.7.4.2.1 Reference path iidentifier coding. Characters in this set: {A XZJCV 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 AIRCRAFT ELEMENTS

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 PERFORMANCE REQUIREMENTS
9.10.7.2.1 GBAS aircraft receiver accuracy
9.10.7.2.1.1 The RMS of the total aircraft receiver contribution to the error for GPS and

GLONASS shall be:

4 H:::&“;

R-'b'{5|l_lll {:B"} ; agTray xe

Where

n = the n™ ranging source;0 n = the elevation angle for the n" ranging 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 aircraft receiver contribution does not include the measurement error
induced by airframe multipath.

Table B-77. Aircraft GPS receiver accuracy requirement

Aircraft 6 n(degrees) a,(metres) a,(metres) O,(degrees)
accuracy

A >5 0.15 0.43 6.9

B >5 0.11 0.13 4

Table B-78. Aircraft GLONASS receiver accuracy requirement

Aircraft 0 n(degrees) a,(metres) a,(metres) Oy(degrees)

accuracy

A > 0.39 0.9 Sa7

B =5 0.105 0.25 5.5

9.10.7.2.2  VHF data broadcast receiver performance

9.10.7.2.2.1 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 of the aircraft, are reflected in the above requirement. The
dynamic range of the automatic frequency 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 failure rate. The VHF data broadcast receiver
shall achieve a message failure rate less than or equal to one failed message
per 1 000 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 |.— An aircraft VHF data broadcast receiving antenna can be horizontally or
vertically polarized. Due to the difference in the signal strength of horizontally and
vertically polarized components of the broadcast signal, the maximum total aircraft
implementation loss for horizontally polarized receiving antennas is 4 dB higher than the
maximum loss for vertically polarized receiving antennas. For guidance in determining



2332

Kenya Subsidiary Legislation, 2018

aircraft implementation loss see ANS Technical Standards Part Il Vol I Attachment D,

7.2.

Note 2.— It 15 acceptable to exceed the signal power variation requirement in limited
parts of the service volume when operational requirements permit. Refer to Attachment
ANS Technical Standards Part [I Vol I D, 7.12 4.1 for guidance.

9.10.7.2.2.4 VHF data broadcast time slot decoding. 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
requirements 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 with different SSIDs.

9.10.7.2.25 Co-channel rejection

9.10.7.2.2.5.1 VHF data broadcast as the undesired signal source. The VHF data
broadcast receiver shall meet the requirements specified in 9.10.8.2.2.3 1n
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 desired VHF data broadcast signal field strength defined in
9.11.3544.
9.10.7.2.2.5.2 VOR as the undesired signal. The VHF data broadcast receiver shall

meet the requirements specified 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.

9.10.7.2.2.6 Adjacent channel rejection

9.10.7.2.2.6.1

First adjacent 25 kHz channels (£25 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 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.

9.10.7.2.2.6.2

Second adjacent 25 kHz channels (+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 desired 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.

9.10.7.22.7

9.10.7.2.2.8

9.10.7.2.2.8.1

9.10.7.2.2.8.2

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.

Rejection of signals from sources outside the 108.000 — 117.975 MHz
band

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.

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 — 117.975 MHz
118.000 MHz

118.025 MHz

118.050 MHz up to 1 660.5 MHz

-12

(se€9.10.8.2.2.8.2and 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 (see 9.10.8.2.2.8.2)
108.000 MHz - 117.975 MHz Excluded
118.000 MHz -43
118.025 MHz —40
118.050 MHz up to 1 660.5 MHz -12
Notes.—

1. The relationship 1s linear between single adjacent points designated by the above
frequencies.

2. These interference immunity requirements may not be adequate to ensure compatibility
between VHF data broadcast receivers and VHF communication systems, 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 112 —
117975 MHz

band, the maximum levels quoted at the lowest COM VHF channels (118.000, 118.00833,
118.01666,

118.025, 118.03333, 118.04166, 118.05) may be exceeded at the input of the VDB
receivers. In that

case, some means to attenuate the COM signals at the input of the VDB receivers (e.g.
antenna

separation) will have to be implemented. The final compatibility will have to be assured
when

equipment is installed on the aircraft.

2 8.« 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 111.975 MHz

Frequency Maximum level of undesired signals at the
recetver input (dBm above Smax)

88 MHz < f < 102 MHz 1615

104 MHz 1110

106 MHz 65

107.9 MHz -910

Notes.—

1. The relationship 1s linear between single adjacent points designated by the above

frequencies.

2. This desensitization requirement is not applied for FM carriers above 107.7 MHz and
VDB channels at 108.025 or 108.050 MHz. See ANS Technical Standards Part Il Vol I
Attachment D, 7.2.1.2.2.

3. 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 117.975 MHz

Frequency Maximum level of undesired signals
at the receiver input (dBm above S,,,)

88 MHz < f < 104 MHz 16

106 MHz 11

107 MHz 6

107.9 MHz 1

Notes.—

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

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 immunity. 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:

2N1+N2+3[23-S,,]=<0

for VHF FM sound broadcasting signals in the range 107.7 — 108.0 MHz and

2N1+N2+3[23-S,,,-20Log (Af/04)]=<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 in 9.10.8.2.2.8.2.

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

S 18 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 108.1 MHz, hence frequencies below 108.1 MHz are
not intended for general assignments. Additional information is provided in ANS
Technical Standards Part 11 Vol I Attachment D, 7.2.1.2.
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9.10.7.3 AIRCRAFT FUNCTIONAL REQUIREMENTS

Note.— Unless otherwise specified, the following requirements apply to all GBAS
airborne equipment classifications as described in ANS Technical Standards Part Il Vol I
Attachment D, 7.1.4.3.

9.10.7.3.1 Conditions for use of data

9.10.7.3.1.1  The receiver shall use data from a GBAS message only if the CRC of that
message has been verified.

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 Table B-82.

Table B-82. Airborne equipment message type processing

GBAS airborne equipment classification Minimum message

(GAEC) types processed

GAEC A MT 1 or 101, MT 2 (including ADB | and 2
if provided)

GAECB MT 1, MT 2 (including ADB 1 and 2 if
provided), MT 4

GAECC MT 1, MT 2 (including ADB 1 if provided),
MT 4

GAECD MT 1, MT 2 (including ADB 1, 2, 3 and 4),
MT 4,MT 11

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.

9.10.7.3.1.22.1 Processing of unknown 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 of unknown Type 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 block for inclusion
within a Type 4 message, future GBAS Standards may include other reference path
definitions.

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.

9.10.7.3.1.6 Validity of 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
Opr gnain the Type 1 or Type 101 messages is set to the bit pattern “1111
1.

9.10.7.3.1.6.2 If the active service type is D, the receiver shall exclude from the
differential navigation solution any ranging source for which 0, 4 p in
the Type 11 message or O, ., in the Type | message is set to the bit
pattern “1111 1111".

pr_gn:

9:10.7.3.1:7 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 1, Type Il 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 11
Vol I Attachment D, 7.5.12.3.

9.10.7.3.1.8.2

9.10.7.3.1.8.2.1

9.10.7.3.1.82.2

9.10.7.3.1.8.3

9.10.7.3.1.8.4

9.10.7.3.1.8.5

9.10.7.3.1.8.6

9.10.7.3.1.8.7

9.10.7.3.1.8.8

9.10.7.3.1.8.9

9.10.7.3.1.89.1

9.10.7.3.1.89.2

GCID Indications.

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.

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.

The receiver shall ignore any changes in GCID during the final stages
of an approach.

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 “I111 1111".

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
SIILr L.

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.

The receiver shall use FAS data only if the FAS CRC for that data has
been verified.

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.

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 The receiver shall use the FAS held within the on-board database for

9.10.7.3.1.8.1

9.10.7.3.1.9

9.10.7.3.1.9.1

approaches which are supported by GBAS approach service type
(GAST) A associated with a channel number between 40 000 and 99
999.

0  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 1 messages
that were received within the last 7.5 seconds.

9.10.7.3.1.9.2  The receiver shall only use measurement blocks from Type 101

9.10.7.3.1.9.3

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 1 has been received and the RSDS
parameter in this block indicates that the GBAS positioning service is
provided.

9.10.7.3.1.9.4  The receiver shall only use messages for which the GBAS ID (in the

9.10.7.3.2

9.10.7.3.2.1

Where

message block header) matches the GBAS ID in the header of the Type
2 message which contains the selected RSDS.

Integrity

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:

f(x) = probability density function of the residual aircraft pseudo-range error and

9.10.7322

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 Bi,j parameter is set to the bit pattern “1000 0000” indicating
that the measurement is not available, the aircraft element shall assume that
Bi,j 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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9.10.7.3.3

9.10.7.3.3.1

9.10.7.332

9.10.7.333

9.10.7.3.3.3:1

Use of satellite ephemeris data

IOD check. The receiver shall only use satellites for which the 10D
broadcast by GBAS in the Type 1 or Type 101 message matches the core
satellite constellation IOD for the clock and ephemeris data used by the
receiver.

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 1 or Type 101 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.

Ephemeris error position bounds

Ephemeris error position bounds for GBAS approach services. 1f 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 1s of receiving the
necessary broadcast parameters. The aircraft element shall verify that the
computed vertical and lateral ephemeris error position bounds (VEBj and
LEB)) 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

9.10.7.34

9.10.7.3.4.1

9.10.7.342

9.10.7.3.4.3

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.

Message loss

For airborne equipment operating with GAST C as the active service type,
the receiver shall provide an appropriate alert if no Type | message was
received during the last 3.5 seconds.

For airborne equipment operating with GAST A or B as the active service
type, the receiver shall provide an appropriate alert if no Type 1 and no
Type 101 message was received during the last 3.5 seconds.

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:
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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 11 message was received
during the last 1.5 seconds.

¢) The computed position solution is 200 ft or more above the
LTP/FTP of the selected approach and no Type 1 message was
received during the last 3.5 seconds.

d) The computed position solution is 200 ft or more above the
LTP/FTP of the selected approach and no Type 1l message was
received during the last 3.5 seconds.

9.10.7.3.4.4 For the GBAS positioning service using Type | messages, the receiver shall

9.10.7.3.4.5

9.10.7.3.5

9.10.7.3.5.1

provide an appropriate alert if no Type 1 message was received during the
last 7.5 seconds.

For the GBAS positioning service using Type 101 messages, the receiver
shall provide an appropriate alert if no Type 101 message was received
during the last 5 seconds.

Airborne pseudo-range measurements

Carrier smoothing for airborne equipment. Airborne equipment shall utilize
the standard 100-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 a 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 type. 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 9.10.5.1 is the same for both sets,
and only the time constant differs (i.e. 100 seconds and 30 seconds). Guidance
concerning carrier smoothing for GAST D is given in ANS Technical Standards Part Il
Vol I, Attachment D, 7.19.3.
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9.10.7.3.6  Service type specific differential position solution requirements. The
airborne equipment 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 form for the weighting used in the differential position solution is
given in 9.10.5.5.1.1.2. Exactly which information from the ground subsystem is used in
the differential position solution depends on the type of service (i.e. positioning service
vs. approach service) and the active approach service type. The specific requirements for
each service type are defined in RTCA DO-253D. Additional information concerning the
normal processing of position information is given in ANS Technical Standards Part 11
Vol I Attachment D, 7.19.

9.11 Resistance to interference
9.11.1 PERFORMANCE OBJECTIVES

Note 1.— For unaugmented GPS and GLONASS receivers the resistance to interference
is measured with respect to the following performance parameters:

GPS GLONASS

Tracking error (I sigma) 036m 08m

Note 2.— This tracking error neither includes contributions due to signal propagation
such as multipath, tropospheric and ionospheric effects nor ephemeris and GPS and
GLONASS satellite clock errors.

Note 3.— For SBAS receivers, the resistance to interference is measured with respect to
parameters specified in
9982.1and9.984.1.

Note 4.— For GBAS receivers, the resistance to interference is measured with respect to
parameters specified in
9.10.7.1.1 and 9.10.8.2.1.

Note 5.— The signal levels specified in this section are defined at the antenna port.
Assumed maximum aircraft antenna gain in the lower hemisphere is —10 dBic.

Note 6.— The performance requirements are to be met in the interference environments
defined below. This defined interference environment is relaxed during initial acquisition
of GNSS signals when the receiver cannot take advantage of a steady-state navigation
solution to aid signal acquisition.
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9.11.2 CONTINUOUS WAVE (CW) INTERFERENCE
9.11.2.1 GPS AND SBAS RECEIVERS

9.11.2.1.1 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.

9.11.2.1.2  During initial acquisition of the GPS and SBAS signals prior to steady-state
navigation, the GPS 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 Interference thresholds for
receivers

theinterference signal in steady-state navigation
fi<1315MHz —4.5dBW

1315 MHz < fi <1 500 MHz Linearly decreasing from —4.5 dBW to —38
dBW

1500 MHz < fi< 1 525 MHz Linearly decreasing from —38 dBW to —42
dBW

1525 MHz < fi<1 56542 MHz Linearly decreasing from —42 dBW to —
150.5 dBW

156542 MHz < fi< 1 585.42 MHz -150.5 dBW

158542 MHz <fi< 1610 MHz Linearly increasing from —150.5 dBW to —
60 dBW

1610 MHz < fi<1 618 MHz Linearly increasing from —60 dBW to —42
dBW*

1 618 MHz < fi <2 000 MHz Linearly increasing from —42 dBW to -8.5
dBW*

1610 MHz < fi< 1 626.5 MHz Linearly increasing from —60 dBW to —22
dBW**

1 626.5 MHz < fi <2 000 MHz Linearly increasing from —22 dBW to -8.5
dBW**

fi>2 000 MHz -8.5dBW

* Applies to aircraft installations where there are no on-board satellite communications.
** Applies to aircraft installations where there is on-board satellite communications.
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9.11.2.2 GLONASS RECEIVERS

9.11.2.2.1  After steady-state navigation has been established, GLONASS receivers
(except those identified in 9.11.2.2.1.1) 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 B-16 and with a desired 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 of flight) and put into operation before 1 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 Interference thresholds for
receivers

theinterference signal steady-state navigation
fi<1315MHz -4.5 dBW

1315 MHz < fi<1562.15625 MHz Linearly decreasing from —4.5

dBW to —42 dBW

1 562.15625 MHz < fi < 1 583.65625 MHz Linearly decreasing from —42 dBW to —-80
dBW

1 583.65625 MHz < fi < 15929525 MHz Linearly decreasing from —80 dBW to —149
dBW

1 592.9525 MHz < fi < 1 609.36 MHz -149 dBW

1609.36 MHz < fi< 1 613.65625 MHz Linearly increasing from —149
dBW to -80 dBW

1 613.65625 MHz < fi <1 635.15625 MHz Linearly increasing from —80 dBW to —42
dBW*

1 613.65625 MHz < fi < 1 626.15625 MHz Linearly increasing from —80 dBW to —22
dBW**

1 635.15625 MHz < fi <2 000 MHz Linearly increasing from —42 dBW
to -8.5 dBW*

1 626.15625 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.
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9.11.222  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.

9.11.3 BAND-LIMITED NOISE-LIKE INTERFERENCE
9.11.3.1 GPS AND SBAS RECEIVERS

9.11.3.1.1 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 1 575.42 MHz +Bwi/2 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.

9.11.3.1.2  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.

9.11.3.2 GLONASS RECEIVERS

9.11.3.: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 +Bwi/2, with power levels at the antenna port equal to the
interference thresholds specified in Table B-86 and shown in Figure B-18
and with a desired signal level of —166.5 dBW at the antenna port.

9.11.32.1.1 After steady-state navigation has been established, GLONASS receivers
used for all phases of flight (excluding those used for the precision
approach phase of flight) and put into operation before 1 January 2017 shall
meet the performance objectives while receiving noise-like interfering
signals in the frequency band fk +Bwi/2, with power levels at the antenna
port 3 dB less than the interference thresholds specified in Table B-86 and
shown in Figure B-18 and with a desired signal level of —166.5 dBW at the
antenna port.

Note.— fk is the centre frequency of a GLONASS channel with fk = 1 602 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.

9.11.3.2.2  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 B-86.



2346 Kenya Subsidiary Legislation, 2018

9.11.3.3 Pulsed interference. After steady-state navigation has been established, the
receiver shall 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 requirement is given in ANS Technical Standards Part
11 Vol I Attachment D, 10.6.

9.12 GNSS aircraft satellite receiver antenna

9.12.1  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 O to 90 degrees in elevation relative to the horizontal plane of an aircraft in
level flight.

9.122 Antenna gain. The minimum antenna gain shall not be less than that shown in
Table B-88 for the specified 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:

[x*M(x)]
G(X) mod 2

_ R(x)
=Q(x)+ @

Where

k = the number of bits in the particular CRC;

M(x) = the information field, which consists of the data items to be protected by the
particular CRC represented as a polynomial;

G(x) = the generator polynomial specified for the particular CRC;

Q(x) = the quotient of the division; and

R(x) = the remainder of the division, contains the CRC:
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k

R(x) = Z rixk = rx*! 4 x4+ L4 nx®

i=1

Table B-85. Interference threshold for band-limited noise-like interference
to GPS and SBAS receivers in steady-state navigation

Interference bandwidth
navigation

Interference threshold for receivers in steady-state

0 Hz < Bwi <700 Hz

-150.5 dBW

700 Hz < Bwi < 10 kHz

Linearly increasing from —150.5 to —143.5 dBW

10 kHz < Bwi < 100 kHz

Linearly increasing from —143.5 to —140.5 dBW

100 kHz < Bwi < 1| MHz

-140.5 dBW

1 MHz < Bwi < 20 MHz

Linearly increasing from —140.5 to —127.5 dBW*

20 MHz < Bwi < 30 MHz

Linearly increasing from —127.5 to —121.1 dBW*

30 MHz < Bwi < 40 MHz

Linearly increasing from —121.1 to -119.5 dBW*

40 MHz < Bwi

—119.5 dBW*

* The interference threshold is not to exceed —140.5 dBW/MHz in the frequency range 1

575.42 10 MHz.

Table B-86. Interference threshold for band-limited noise-like interference
to GLONASS receivers in steady-state navigation

Interference bandwidth Interference threshold

0 Hz < Bwi =< 1kHz

-149 dBW

1 kHz < Bwi < 10 kHz

Linearly increasing from —149 to —143 dBW

10 kHz < Bwi < 0.5 MHz

—-143 dBW

0.5 MHz < Bwi < 10 MHz

Linearly increasing from —143 to —130 dBW

10 MHz < Bwi

—130 dBW
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Table B-87. Interference thresholds for pulsed interference

GPS and SBAS

GLONASS

Frequency range for in-band and near band 1 575.42 MHz + 10 MHz 1 592.9525
MHz to 1 609.36 MHz

Interference threshold (Pulse peak power) -20 dBW -20 dBW
for in-band and near-band interference
Interference threshold (Pulse peak power) 0dBw 0dB

Outside the in-band and near-band frequency ranges
(out-of-band interference)

Pulse width <125 us <250 ps

Pulse duty cycle <1% <1%
Interference signal bandwidth for in-band =1 MHz =500
kHz

and near-band interference

Note 1.— 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.

A
|
|
}
| X1 Epoch 2/3 bps
J L
1023 1023 |/ / 1023 1023 efc.
1 023-bit Gold Cpde (1 023 Kbps) e 1ms -
Al Al A2 AlB ‘Fg Al
Gold Code Epochs
! {1 000 per second) /] .
[
Data (50 cps)
| |
|
- 20 ms >

Figure B-1. C/A code timing relationships
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SUBFRAME 1 TLM HOW GPS week number, SV accuracy and health

SUBFRAME 2 TLM HOW Ephemeris parameters

SUBFRAME 3 TLM HOW Ephemeris parameters

SUBFRAME 4 LM HOW Almanac and health for satellites 25-32, special messages,
(25 pages) satellite configuration, flags, ionosphernc and UTC

SUBFRAME 5 L™ HOW Almanac and health for satellites 1-24 and almanac reference
(25 pages) time and GPS week number

Figure B-2. Frame structure

Preamble Reserved Parity
000 1 0 1 1] NSB LS8
123 4 5 6 7 8|9 10111213 14151617 181920 21 223 24|26 22 28280

Figure B-3. TLM word format

TOW count message Subframe

D
e ———————— > - —— = — ] >

12 3 4 5 6 7 8 9 10 111213 1415 16 17 18 18 20 21 22 23 24 26 26 27 28 29 30
Figure B-4. HOW format
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Endistart of week -1 ] —15s

IIIIIIII‘IIIIIIII

403192 403 196 o 1 2 3 4 &5 6 7

Decimal eguivalent of actual TOW counts

- Subframe epochs - - ‘ 653 -

100 799 0 1 2

Decimal equrvalent of HOW message TOW count

Notes:
To aid in rapid ground lock-on, the HOW of each sublframe contains a truncated TOW count.

The HOW s the second word in each subframe.

The HOW message TOW count consists of the 17 MSBs of the actual TOW count at the start of the next subframe.
To convert from the HOW message TOW count fo the actual count at the start of the next sublrame, mustiply by four.
The first subframe starts synchronously with the endstart of each epoch.

O B o RO -

Figure B-5. Time line relationship of HOW

DIRECTION OF DATA FLOW FROM SV — MSB FIRST
150 BITS 3 SECONDS
[¢—— WORD 1—»|¢——WORD 2—s}¢——WORD 3 {¢—— WORD 4——»|e—— WORD 5 —»|

71
SUBFRAME  PAGE
NO. NO. 1 31 61 477 (83 |o1 121
™M HOwW WN
1 NA dr t|Pl 4o P || 23BiTs* |p| 24BITS™ ]
22 BITS 22 BITS BITS
C/AORPONL2 —2BITS TT T L2 P DATAFLAG — 1 BIT
URA INDEX — 4 BITS — -
SV HEALTH — 6 BITS 2 MSBs 10DC — 10 BITS TOTAL
DIRECTION OF DATA FLOW FROM SV —— MSB FIRST
150 BITS 3 SECONDS
[¢—— WORD 6—»{¢——WORD 7 —#|e——WORD 8——#|¢—— WORD 9——s|e— WORD 10—|
151 181 197 211[219 241 271
T¢ a a a
1 WA 24BITS™ [P 16 GO 1p o |, | A2 1 1e 0 P
BITS*™ |8 BIT 16 BITS 88ITS| 16 BITS 22 BITS

10DC — 10 BITS TOTAL

I 81SBs
*** RESERVED

P =6 PARITY BITS

t =2 NON-INFORMATION BEARING BITS USED FOR PARITY COMPUTATION

G =TI MRITS 23 ANN 24 WHICH ARF RFSFRVFN

Figure B-6. Data format (1 of 11)



Kenya Subsidiary Legislation, 2018 2351

e DIRECTION OF DATA FLOW FROM SV—— MSB FIRST —|
150 BITS 3SECONDS —
——WORD 1—}4——WWORD 2——|¢——WORD 3——|e— WORD 4——p|¢— WORD 5 —
NODTRAME BRSE 1 3 61 o9 91 107 121
LM HOW I0DE|  Grg e
5 iR clp {r| 8 P 8 |P| 2BTS |P
228ITS 28ITS BITS| 16BITS | | 16BITS | BITS

MSBs LSBs
Mg — 32 BITS TOTAL

. DIREGTION OF DATA FLOW FROM SY — MSB FIRST ——]
< 150 BITS 3 SECONDS »
le—— WORD 6—+—WORD 7—»{<—WORD 8——+{4— WORD §——+f4— WORD 10—,

151 7 |181 e |t 71 287

C G t
" na | |8 P| aems |p| ™ |8 |p| 2mms | t|p
18 BITS | BITS 16 BITS |BITS 16BITS
A
MSBs LSBs MSBs LSBs
& —32 BITS TOTAL VA — 32 BITS TOTAL
FIT INTERVAL FLAG — 1 BIT —
AODO — 5 BITS ———

P =8 PARITY BITS
t =2 NON-INFORMATION BEARING BITS USED FOR PARITY COMPUTATION

C=TLMBITS 23 AND 24 WHICH ARE RESERVED

Figure B-6. Data format (2 of 11)
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le DIRECTION OF DATA FLOW FROM SV MSB FIRST
150 BITS 3 SECONDS >
4—— WORD 1—|4——WORD 2—#}¢——WORD 3—}¢——WORD 4—»{¢——WORD 5—»|
SUBFRAME  PAGE
NO. NO. |t 31 51 77 91 121 137
M HOW
5 Nk clp el % | s |p| aems |p| % | s e
2BITS 22B8ITS 16 BITS | BITS 18 BITS | BITS
MSBs LSBs MSBs

Qp—328MSTOTL———L 1, 32 BITS TOTAL—

< DIRECTION OF DATA FLOW FROM SV MSB FIRST ——]
" 150 BITS —— 3 SECONDS N
[——WORD 6 —|4——WORD 7 ,{: WORD B—>|1—WORD 9——s|e—WORD 10—,
151 181 21 241 271 | 2719
Crc Q I00g IDOT
3 NA 24BITS [P 8 |P| 24BITS |P P8 | 14 |[t|p
16BITS | BITS 24 BITS 8ITY BITS
T Mng LSBs
LSBs 1 ) — 32 BITS TOTAL
L ip—32BITS TOTAL
P =6 PARITY BITS

t =2 NON-INFORMATION BEARING BITS USED FOR PARITY COMPUTATION

C = TLM BITS 23 AND 24 WHICH ARE RESERVED
Figure B-6. Data format (3 of 11)
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- DIRECTION OF DATA FLOW FROM SV ———— MSB FIRST
150 BITS 3 SECONDS >
l¢— WORD 1 —»|e— WORD 2 —»|¢—— WORD 3—»|«——WORD 4 —»|«— WORD 5—»|
SUBFRAME  PAGE H
NO. NO. |1 31 63 |69 91 |99 121
1 L™ HOW e tba 31 o
5 THRU Cl P t| P P P
o 22BITS 228ITS 16BITS | |8BITY 16BITS| | 16 BITS |8 BITS
{ 3
DATAID — 2 BITS
SVID —6 BITS—————— SV HEALTH——

DIRECTION OF DATA FLOW FROM SY ————— MSB FIRST ——|

« 150 BITS 3 SECONDS -

le— WORD 6—»{<—w0RD 7 WORD s+ WORD 9—-+—WORD 10—

151 181 211 241 271|279 |290
1 Ja (O]

5 THRU o P % P P Yo P

4 24 BITS 24 BITS 24 BITS 24 BITS
t 11
31SBs

8 MSBs
ag—1BIsToTAL——~L 1
aft — 11 BITS TOTAL

P =6 PARITY BITS
t =2 NON-INFORMATION BEARING BITS USED FOR PARITY COMPUTATION

C = TLM BITS 23 AND 24 WHICH ARE RESERVED
Note.— Pages 2, 3, 4. 5, 7, 8, 9 and 10 of subframe 4 have the same format as pages 1 through 24 of subframe 5.

Figure B-6. Data format (4 of 11)
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< DIRECTION OF DATA FLOW FROM SV MSB FIRST
« 150 BITS 3 SECONDS
4—— WORD 1—#}¢——WORD 2—#{¢——WORD 3—»e— WORD 4 #l+— WORD 5 —|
SUBFRAME  PAGE o
NO. NO. 31 63 |69 91 121
SV HEALTH SV HEALTH
; ” T L ¥ ba | WNa| | “gBITSiSY BBITSISV | p
sv]sv]sv]sv] [sv[sv[sv]sv
22BITS 2BITS ‘BBITSBBITS 1|2 3|4 5| sl v[sv
DATAID — 2 BITS —]
SV (PAGE) ID — 6 BITS
« DIRECTION OF DATA FLOW FROM SV MSB FIRST
150 BITS 3 SECONDS N
le—— WORD 6——>|<—WORD 7—|e——WORD 8—»|¢— WORD 9—le— WORD 10—
271
151 181 21 241 274
SV HEALTH SV HEALTH SV HEALTH SV HEALTH
6 BITS/SV EBISISY || 6BISISV || 6BISISY |5l | 1ggrs~ |¢] p
5 25 sv‘sv sv[sv] ™ [sv]sv]sv]sv|  [sv]sv]sv]sv| |[sv]sv|sv|sv
ol 1ol 1] 12] [3]14l15]) 18] [17] 18] 18] 20| | 21| 22| 23] 24

** RESERVED FOR SYSTEM USE

*** RESERVED
P =6 PARITY BITS

t =2 NON-INFORMATION BEARING BITS USED FOR PARITY COMPUTATION
C =TLM BITS 23 AND 24 WHICH ARE RESERVED

Figure B-6. Data format (5 of 11)

3BITS ** —T
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150 BITS

3 SECONDS

4—— WORD 1—#|{¢—— WORD 2—|¢——WORD 3——#|e— WORD 4——»|e— WORD 5 —»|

DIRECTION OF DATA FLOW FROM SV

MSB FIRST

SUBFRAME  PAGE Bt
NO. NO. 31 6369 91 121
™ HOW
1,6, 11, P 16 |p| o24Bms™ |p| 24BmS™ |P
16821 | 22BITS 22BITS BITS ™
DATAID — 2 BITS - T I
SV (PAGE) ID — 6 BITS
" DIRECTION OF DATA FLOW FROM SV MSB FIRST ——
< 150 BITS 3 SECONDS N
le—— WORD 6—>|<—WORD 7_.{<_w0RD a_.}<_ WORD 9_>|<— WORD 10—
151 81 211 241 |249 271
4 Ve oigmse |p| 2amms | p| 24mmst [plee| 16 || 28mse |t|P
18&21 BITS| BITS**

** RESERVED FOR SYSTEM USE

“** RESERVED
P =6 PARITY BITS

t =2 NON-INFORMATION BEARING BITS USED FOR PARITY COMPUTATION
C =TLM BITS 23 AND 24 WHICH ARE RESERVED

Figure B-6. Data format (6 of 11)
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DIRECTION OF DATA FLOW FROM SV MSB FIRST
150 BITS 3 SECONDS
4—— WORD 1—|e——WORD 2——{e——WORD 3——|¢— WORD 4——»}¢— WORD 5 —
SUBFRAME PAGE a
NO. NO 1 31 6369 91 121
L™ HOW
4 12,19, 20, c|p t|p 16 p| aamimst |p| 2¢BITS™ | P
2223824 22BITS 228ITS BITS*
DATAID — 2 BITS ---—_-J ‘[
SV (PAGE) ID — 8 BITS
¢ DIRECTION OF DATA FLOW FROM SV MSB FIRST
150 BITS 3 SECONDS
[—— WORD 6—] WORD 7—#}e——WORD 8 J4— WORD 8——»|e— WORD 10—
151 181 211 241 |249 271
12,19, 20
g | 2aBimst |p| 24Bms't |p| 24BiTS™ [Pl8t| 16 |P| 22BIS™ |t|P
22,238 24 BITS| BITS™

** RESERVED FOR SYSTEM USE
*** RESERVED

P =8 PARITY BITS
t =2 NON-INFORMATION BEARING BITS USED FOR PARITY COMPUTATION

C=TLMBITS 23 AND 24 WHICH ARE RESERVED
Figure B-6. Data format (7 of 11)
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150 BITS

DIRECTION OF DATA FLOW FROM SV
3 SECONDS

MSB FIRST ——

lé—— WORD 1_.|._w0RD 2—>}<-—WORD 3_..|._ WORD 4—.|.— WORD 5 —3)|

SUBFRAME  PAGE s
NO. NO. |1 3 sales |7 o1 les |07 |121 |i2e |37
LM HOW o | w || 9 B | By | By
4 18 cl P P 8 |8 [P[8 |8 |8 |P|8 |8 |8 |P
2BITS 28ITS BITS|BITS| [BITS|BITS|8ITS| |BITS|BITS|BITS
DATAID —2 stA—I T
SV (PAGE) ID— 6 BITS |
" DIRECTION OF DATA FLOW FROM SV MSB FIRST
¢ 150 BITS 3 SECONDS »
| |
WORD é—}e——WORD 7—#f¢——WWORD 8——»fe— WORD 3—sfe— WORD 10—
151 181 o |19 |27 |24t |249 |257  Jort |o7e
Aq ot W) |2s| |ON | Asp|
4 18 Pls |8 |8(pl 8|8 |8 |P| 8 |grs|t|P
24 BITS 248ITS BITS|BITS|BITS| |BITS|BITS|BITS| |BITS
MSBs LSBs I
Ag— 32 BITS TOTAL T Whgr

** RESERVED FOR SYSTEM USE
P =6 PARITY BITS

t =2 NON-INFORMATION BEARING BITS USED FOR PARITY COMPUTATION
C=TLMBITS 23 AND 24 WHICH ARE RESERVED

Figure B-6. Data format (8 of 11)
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« DIRECTION OF DATA FLOW FROM 8V MSB FIRST
150 BITS 3 SECONDS

—— WORD 1——plé——WORD 2——#f¢—WORD 3——|¢—— WORD 4—»l¢—— WORD 5 —|

SUBFRAME  PAGE o
NO. NO. 1 3 63(69 91 121
A-SPOOF & A-SPOOF & A-SPOOF &
\ . el PO el | [svconFs] | SvCONFIG || SvCONFIG
228ITS 2807 SR PR PR
DATAID — 2 BITS —T
SV (PAGE) ID — 6 BITS —————
DIREGTION OF DATA FLOW FROM SV MSB FIRST
¢ 150 BITS 3 SECONDS N
&l . [P
—— WORD 6—#|e—WORD 7— ¢ NORD 8——|4—— WORD 8——|¢— WORD 10—,
227
151 181 21 229 241 271
A-SPOOF & A-SPOOF & A-SPOOF & SV HEALTH SV HEALTH
V CONFIG SV CONFIG SVCONFIG| | | P 6 BITS/SV P 6 BITS/SV S
4 25 sv]sv]sv[sv]sv|sv svsv|sv|sv|svsv| [sv|sv|sv|sv| [SV sv[sv]sv|sv sv|sv |sv
17| 18[ 19| 20| 21| 22 23| 24| 25| 26 27 28| |28 |30(31]|32[ | 25 26(27| 28| 29 30| 3132
3
2BITS ™ SV HEALTH — 6 BITS
4BITS ™

** RESERVED FOR SYSTEM USE

P =8 PARITY BITS
t =2 NON-INFORMATION BEARING BITS USED FOR PARITY COMPUTATION

C= TLM BITS 23 AND 24 WHICH ARE RESERVED
Figure B-6. Data format (9 of 11)
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« DIRECTION OF DATA FLOW FROM SV —— MSB FIRST ——]
150 BITS 3 SECONDS
[—— WORD 1—#}¢——WORD 2——}¢——WORD 3——|«—— WORD 4——»}¢——WORD 5 —»,
SUBFRAME ~ PAGE 61 (69
NO. NO 1 31 83| |71 91 121
€ |E |E i € e £ |= E|& E : :
TLM HOW 31303 el2 s (g2 HEREREE
4 13 P P P S 0 A I I I 4 D B B R B
228BITS 22BITS E N L I e - I R I N R
e HEEERE: i Bt |03
¢ |o|o L H ° ] o |s s = ;
T WY
DATAID — 2 BITS
SV (PAGE) ID — 6 BITS AVAILABILITY INDICATOR — 2 BITS
< DIRECTION OF DATA FLOW FROM SV ———————— MSB FIRST ————]
150 BITS 3 SECONDS
|[+—— WORD & —}¢——WORD 7——»{¢—WORD & fe—— WORD 9—| WORD 10
151 181 21 241 271
E L3 E ¥ L3 € L] & L3 ¥ & E 3 E 3 E [ E : € 3 E €
B8 |5 |3|8] [3(8 |3 [8|E] |3]¢8 HHEHHHEHHHEHHEE
4 e s [asPld]e 2o fs|P]e B HHEH R R R R R I
L2 PO (i I I I O I P I (B O I cla i s s szl [a]s e ]
s P v e 0 (el e (8] AR R AL
R R 3 I rlrltls )
s S 1] S 8 3 S 2 S 1] ! 1] L] S ! 2 L] i3 S g S S S

P =8 PARITY BITS

t =2 NON-INFORMATION BEARING BITS USED FOR PARITY COMPUTATION
C=TLMBITS 23 AND 24 WHICH ARE RESERVED

Figure B-6. Data format (10 of 11)
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DIRECTION OF DATA FLOW FROM SV

MSB FIRST

SUBFRAME ~ PAGE
NO NO.

31

150 BITS

61
63

69

3 SECONDS

[¢——WORD 1—» |¢—WORD2—» |4—W0RD 3—» [«— WORD 4—» |¢— WORD 5 —»|

91

121

™ HOW
4 14,15 P 16 P 24 BITS* P 24 BITS* P
& 17 22BITS 228ITS BITS™
A
DATAID — 2BITS J
SV (PAGE) ID — 6 BITS -
" DIRECTION OF DATA FLOW FROM SV MSB FIRST
150 BITS 3 SECONDS
R le

le—— WORD s—+—wonn 7——s|e—WORD 8 {— WORD 8 |¢—WORD 10|

151 181 M1 241 271
4 81.41'713 24 BITS** P 24 BITS* P 24 BITS™ P 24 BITS™* P 22 BITS* t|P

THOSE OF PAGE 17 ARE RESERVED FOR SPECIAL MESSAGES

P =6 PARITY BITS

t =2 NON-INFORMATION BEARING BITS USED FOR PARITY COMPUTATION
G =TLM BITS 23 AND 24 WHICH ARE RESERVED

Figure B-6. Data format (11 of 11)

THE INDICATED PORTIONS OF WORDS 3 THROUGH 10 OF PAGES 14 AND 15 ARE RESERVED FOR SYSTEM USE, WHILE
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- 25 .
Frame number String number | 17s »le 035y
1 0 Immediate data KX MB »
2 0 for KX MB
3 0 transmitting KX MB 30s
I 4 0 satellite KX MB
: Non-immediate data
» (almanac)
for
15 0 five satellites KX MB
1 0 Immediate data KX MB
2 0 for KX MB
3 0 transmitting KX MB
I 4 0 satellite KX MB
= Non-immediate data
* (almanac) o
. o &
15 0 five satellites KX MB n
1 0 Immediate data KX MB ::
2 0 for KX MB o
3 0 transmitting KX MB g
4 0 satellite KX MB -
111 g
° Non-immediate data
. {almanac)
for
15 0 five satellites KX MB
1 0 Immediate data KX MB
2 0 for KX MB
3 0 transmitting KX MB
v 4 0 satellite KX MB
: Non-immediate data
: (almanac)
for
15 0 five satellit KX MB
1 0 Immediate data KX MB v
2 0 for KX MB
3 0 transmitting KX MB
v 4 0 satellite KX MB
. Non-immediate data
s (almanac)
. for
four satellites
14 0 Reserved bits KX MB
15 0 Reserved bits KX MB
84 185 ........................... 9“ 8. ... 1 |
P
Bit number — T § el
within string 7 amming
|lr?ar:att>i‘2 in relative
bi-binary code Ebry

Figure B-7. Superframe structure
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- - | > - = - x = = b | = = b | X - |
- = = - - - - - - - - - - - -
= - = [ - -
i -~ - v - - ] . S
a - —_ — 2 <.
- e - - - - - - - - -
<. p ~ - < - <™ -
- - - = - = - = - w - = -
o+ = 2= -
- -
- E
= - - - -
-
-
e W s
- -
- - - Ny =~ <™ < & < <= |l <. «|] <" - -
) o ) o | - - - - - - ) - =) -
. - - . 4
» - -
— — = .
-— - - - - - - - - ¢ ™ - <™ < *
] o > <" B <" <. - » <" > <
= = = i < v o~ o
ol - d -
- = - - -
- - - - -
- -
. - A L] »
- T~ < “ - - :
-
"
- L
- E | - - = L. - a -
oy g 8 - € - - = & - € - <
b~ &
— w - - —w —=
- - ..7 b 4 > | - - -
- v e - - o e - w - b
|
- .' - 8| - - - - - - - - - - - -
) ]
i
T
E - ) ~y < - = r - = = — r4 -, T v,
= / 1 = = . ] = 3
- 1]
- 1]
| .
= A .
X - g

Reserved bits within frame

fData content, definitions and explanations of parameters are given in 9.6.1.3 and

9.6.1.4. Additional data transmitted by GLONASS-M are highlighted in this figure.
Figure B-8. Frame structure (frames 1 to 4)
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Figure B-9. Frame structure (frame 5)
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-« 20s »
< 17s >t 03s —»
R T =
TT==TT| o
Data bits and check bits in bi-binary code (T; = 10 ms) (Te = 10 ms)
1111100 ... 110
e e e ]
85 ! 318 2 1!
4 1 1 . '
[ le——— Data bits in relative bi-binary —y.iqHamming _p:
{ code 1 code check |
[ | obits(1-8) 1
[ ! inrelative |
/ : \ bi-binary code |

Character/numbers within string

Note — T = time duration for each chip

Figure B-10. Data string structure

G4 (1011011)

——OO—@

(®)
v v —3

G3 (1111001) clock

Output symbols
500 symbols/s
(Alternating G3/G4)

Data input
(250 bits/s)

Figure B-11. Convolutional encoding

DIRECTION OF DATA FLOW FROM SATELLITE,
MOST SIGNIFICANT BIT (MSB) TRANSMITTED FIRST

250 BITS/SECOND >
24-81T
L1 212-BIT DATA FIELD |_CRC

T— 6-BIT MESSAGE TYPE IDENTIFIER (0-63)

8-BIT PREAMBLE OF 24 BITS TOTAL IN 3 CONTIGUOUS BLOCKS

Figure B-12. Data block format
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Y
~ T T
¢, - : y
USER'S IPP
TP Ay)
A,"I‘»J; I'pp )"‘1 'II,-"
* 'f
1 T -
’ A‘b‘!;}: (bﬂi‘— ¢i
K ) — X
o, |

Figure B-13. IGP numbering convention (four IGPs)
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),
6 LY
USER’S IPP
Topp (¢w* ;“nn)
Alpp % "pp
|
: ’ A¢|‘l’= ¢m1_ ¢l
¢| T 4 —> X
t\! tv}
A, A,

Figure B-14. IGP numbering convention (three IGPs)
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20
45 0 - (1315 4.5) (2 000, -8.5)
(1626.5,-22) with Satcom
-20
§ (1500, -39) without Satcom
4 =
. o (1618, 42)
= (1525, -42)
% 80 + b (1610, -60)
4
S
8 -80 7T
3
T 100 -
=
-120 +
-140
(1565.42, -150.5) 1 (158542, -150.5)
160 % - : -
1300 1400 1500 1600 1700 1800 1900 2000
Frequency [MHz]

Figure B-15. CW interference thresholds for GPS and SBAS receivers in steady-state
navigation
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0 4 (1315 -45)

Interference Threshold [dBW]

-120

-140

-160

(1562.15625, -42)°

(1626.15625, -22)

(1583.65625, -80)F M(1613.65625, -80)

(1592.9525, -149)1

h(1609.36, -149)
| Il |

with Satcom

(2000, -8.5)

without Satcom

(1 635.15625, -42)

5— 8.5

1300

Figure B-16. CW interference thresholds for GLONASS receivers used for precision

approach

1400

T 1

1 500 1600 1700

Frequency [MHz]
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Total Interference Power at Antenna Port (dBW)

Figure B-17.

A | L

- - - = SATELLITE ACQUISITION

.
E .
’
A48 T T T T MO e e
I { . A 4 !
148 N
Lo

[[ ]

= STEADY-STATE NAVIGATION

140 1 il

- o] REQUIRED
; o OPERATION

184 .

4!&.-1-'.-‘-.'.. - o mla]

158 w ol b v
oot ot 1008 o

L e
INTERFERENCE BANDWIDTH - kHz

Interference thresholds versus bandwidth for GPS and SBAS receivers
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Interference Threshold [dBW]

Ee 130
—————- Terminal area, en-route and acquisition for all
————— Non-precision approach ! e

-135 =~ Predision approach and Satcom equipped 1 /’-

/4

-140 1 T s

/ /\/
-143 /
/ /
-145 S R RA|N Il
i Il
!/
-149 Wi+ A —-Hl
—150 —T ’ FAREE.
3dB  6dB AL
- — e ———— 4 /'/
4
7/
_155 b o - — —-_..../
-160
0.01 0.1 1 10 100 110° 110

Interference Bandwidth [kHz]

Figure B-18. Interference thresholds versus bandwidth for GLONASS

1-10°
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I— Sampler PSF " 4 ;
E N
3|6 _J
— 0 PSF: Pulse Shaping Filter I
D
E
R 1Q AN
—1 Samper ——  PSF (B(/
0 |
. 2
sin ot & I
;/ ~\ Local Oscillator
| Nt
c0S Ot

Figure B-19. Example data modulation
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