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THE CIVIL AVIATION ACT,20I3

(No.2l of 20t3)

IN ExERCIsE of polvers 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, 20 I 8

PART I_ PRELIMINARY PROVISIONS

l. These Regulations may be cited as the Civil Aviation (Radio

Navigation Aids) Regutations 201 8.

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

"aircraft-based augmentation system (ABAS)" means an

augmentation system that augments or integrates the information
obiained from the other GNSS elements with information available on

board the aircraftl

"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 au

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.

lnierprctation.

No.2l of20l3



2076 Kenya S ubsidiaty I* gis lation, 20 I 8

"area navigation (RNAV" means a method of navigation which
permits aircraft opcration on any desircd flight path within the coverage
of ground- or space-based navigation aids or within thc limits of tf,e
c{pability of self-contained aids, or a combination of thcse;

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

"average radius of rated coverage" mcans thc radius of a circle
having thc samc arc& as the rated coverage;

"axial ratio" means the ratio, expressed in decibcls, between the
maximum output power and the minimum output power of an antenna
to an incident linearly polarizcd wave as the polarization oricntation is
varicd over all directions perpendicular to the direction of propagation;

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

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

.'ichannel of standard accuracy (GSA)" means the specified"level
of positioning, velocity and timing accuracy that is available to any
GLONASS uscr on a conrinuous, worldwide basis;

'CNS" means Communication, Navigation and Surveillance;

"control motion noise (CMN)" means that ponion of the
guidance signal crror which causcs control gurface, wheel and column
motion and could affect aircraft attitude angle during coupled flight, but
does not cause aircraft displacement from the desired cburse or glide
path;

"core satcllite constellations" means the GPS and GLONASS;

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

"course sector" mcans a sector in a horizontal plane containing
the course line and limited by the loci of poins ncarcst to the coursi
line at which the DDM is 0.155;

"dB" means decibel;

- "differcnce in depth of modulation-DDM" means the percentage
modulation depth of thc larger signal minus the pcrcentage modulation
depth of the smallcr signal, divided by t00;

"displaccment sensitivity (localizer)" means the ratio of
measurcd DDM to the coresponding lateral displacement from the
appropriatc refercnce line;

'DME" mcans Distancc Measuring Equipmcnt;

"DME dead time" means a period immediatcly following the
decoding of a valid intcrrogation during which a received interogition
will not cause a rcply to be gencrated;
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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 DMEA'{;

"effective acceptance bandwidth" means the range of frequencies
with respect to the assigned t'requency 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 aerodromel

"equivalent isotroPically radiated porver (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 fee| or less above the horizontal plane

containing the threshold;

"facility Performance Category II - ILS" means an ILS which
provides guidance information from the coverage limit of the ILS to the
point at which the localizer course line intersects the ILS glide path at a
height of 15 metres (50 fee$ 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 rvhich radiate in a vertical fan-shaped Patternl

"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 seclor" means the course sector which is situated on
the same side of the localizer as the runway;

"front cour$e seclor" means the course sector which is situated on
the same side of the localizer as the runrvay;

"GBAS/E" means a ground-based augmentation system
transnritting 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 rvorldrvide
position and time determination system that includes one or more
satellite constellations, aircraft 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 errort' means the difference between rhe true
position and the position determined by the GNSS receiver;

"ground-based augmentation system (GBAS)" means an
augmentation system in rvhich the user receives augmentation
information directly from a ground-based transmitter;

"ground-based regional augmentation system (GRAS" means an
augmentation system in rvhich 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 rvhich the DDM is 0.0775;

"half ILS glide path sector" means the sector in the vertical plane
containing the ILS glide parh and limited by the loci of points nearesr 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;

"lLS continuity of service" means that quality which relates to
the rarity of radiated signal intemrptions. 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 Iine
rvhich 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 rvhich
can be placed in the correctness of the information supplied by the
facility and the level of integrity of the localizer or the glide path is
expressed in terms of the probability of not radiating false guidance
signals;

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

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

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

distance of 1O50 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" rneans a point 4 metres (12 fee| above the
runway centre line and 900 metres (3900 feet) from the threshold in
the direction of the localizer:

"tLS Point "E"" means a point 4 metres (12 fee$ 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 runrvay 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;

"LFA4F' means Low frequencyMedium Frequency;

"locator" means an LF/MF NDB used as an aid to final approach;



!
I

i

I

\
1

I

\
\

I

2080 Kenya Subsidiary l"egislation, 20 I 8

"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 rvith the lorvest frequency
encountered in the modulation taken under normal operating
conditions;

"MLS approach reflerence 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 lhe
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" nreans an atmospheric pressure expressed in
terms of altitude rvhich corresponds to that pressure in the Standard
Atrnosphere;

"protected service volume" means a part of the facility coverage
where the facility provides a particular service in accordance rvith
relevant SARPs and rvithin which the facility is afforded frequency
protection;

"pseudo-range" means the difference betrveen 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 betrveen W, X,
Y andZ modes and between FA and IA modes;
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"pulse decay time" means the time as measured between the 90

and l0 per cent amplitude points on the trailing edge of the pulse
envelope;

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

"pulse rise time" means the time as measured between the l0 and

90 percent amplitude points on the leading edge ofthe 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 rvithin
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/rvords/fields that are not
allocated, but which are reserved for a particular GNSS application;

"search" means the condition which exists rvhen 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, rvorldwide 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 allorvable 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 rvhen the DME
interrogator has locked onto replies in response to its own
interrogations, and is continuously providing a distance measurement;

"touchdowu" 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 Adrninistrative Review
Tribunal established under secrion 66 the Civil Aviation Act,20l3;

"trvo-ficquency glide path system" means an ILS glide parh in
rvhich coverage is achieved by the use of two independent radiation
field patterns spaced on separate carrier frequencies rvithin 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
cdge intersects the 0 per cent amplitude axis;

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

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

3. (l) These Regulations shall apply to a person providing
cornmunication, navigation and surveillance services rvithin 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 requiremenrs for planning, installation,
commissioning, training, operatious and maintenance of the
Cornmunications, Navigation and Surveillance (CNS) facilities shall
couform 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. (l) A person shall not provide air navigation services or
operate cornmunication, navigation and surveillance facilities or
systems in the designated airspace and aerodromes unless the facilities
or systerns 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
dcsignated airspace and aerodromes not less than thirty days prior to
the date of start of the process.

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

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

Application.

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

Certification of
Air Navigation
Service Provider

Approval
Requirement.

Inspcctions and
Audils.

I
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(2) An inspector of the Authority shall have unrestricted access to

the facilities, installations, records and documents of the seryice
provider to determine compliance with these Regulations and required
procedures.

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

navigation and surveillance systems-

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

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

(iii) are installed and commissioned as specified by the

Authority; and

(iv) conform to the applicable system characteristics and

specification standards as may be provided by the

Authority; and

(b) determine the site for installation ofa new facility based on

operational requirements, construction aspects and

maintainability.

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

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

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

(ii) is in compliance with applicable standards;

(b) ensure that the system performance of the new facility has

been validated by the necessary tests, and that all parties
involved with the operations and maintenance of the

facitity, including its maintenance contractors have

accepted and are satisfied with the results of the tests; and

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

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

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

Siting and
Installation.

Commissioning
Rcquirement.

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

(b) reliability;

(c) accuracyl

(d) integrity;

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

(0 mean time to repair (MTTF).

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

(a) configuration ofeach service; and

(b) known performance ofeach service.

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

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

(6) The performance of technical facilities shall be monitored,
reviewed ind r-eported against these Reguiati<iirs.

(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 ofoperation appropriate to the service
being provided.

ll. 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 ofthe support service;

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

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

12. (l) 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
rcquired under these Regulations;

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

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

Interface
arrangcmcnt for
suppon serviccs.

Record keeping
and
documentation.
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(2) The air navigation service provider shall ensure that data and

voice'for air navigaiion 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;

(c) ICAO Annex l0 Volumes I to V, ICAO Doc 8071 - Manual

on Testing of Radio Navigation Aids, and other relevant

ICAO documents;

(d) records of malfunction and safety incident reports;

(e) records of internal audit reports;

(0 agreements with other organizations;

(g) records of investigation into serious incidents;

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

(i) records ofequiPment sPares;

O records of job description, training programme and plan of

each staff member; and

(k) alt 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 leasi ihree (3) years if paper based and one hundred and eighty ( I 80)

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 ofdocuments are available; and

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

identified.

(7) The air navigation service provider shall ensure that where

documents are held asiomputer 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 iaeniify, collect, index, store, maintain, and dispose records

covering-
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(a) the performance and maintenancc history of each facility;
(b) the establishment of the periodic test programmes for each

facility;
(c) each item of test equipment requircd for the measurcment of

critical performance parameteni;

(d) each reported or detected facility malfunction;
(e) each internal quality assurance review; and

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

13. (l) An Air Navigation Services Providcr shall develop an oFntions
opcrations manual that dimonstrates the Air Navigation Services Manual.

Provider's compliance with these Regulations.

(2) The operations manual shall contain-

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

(b) an organization chart of the Air Navigation Services provider
and its maintenance contractors, if any, that shows the
position of each pei56nnCFena-thE-irame,-'qualiflciaidii; -

experience, duties and responsibilities of personncl who are
responsible for ensuring the compliance of the organization
with the requirements described in these Regulations;

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

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

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

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

(4) The air navigation service provider shall establish an
operation and maintenance plan for each facility which shall include-

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

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

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

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

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

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

(2) The air navigation service provider shall ensure-

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

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

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

(b) adherence to the approved maintenance programme;

(c) upkeep ofthe 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.

Periodic
Inspcction,
Testing and
Security of CNS
facilities.
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(6) An air navigation service provider shall make a test

transmission if-
(a) the transmission is necessary to test a service, facility or

equipment;

(b) within a reasonable time before commencing the

transmission, the users have been informed about the

transmission;

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

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

transmission.

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

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

(b) all end-systems suPporting air navigation security services

shall be capable of authenticating the identity of peer errd-

systems, authenticating the source of messages and

ensuring the data integrity of the messages;

(c) strategies and best Practices on the Protection of critical
information and communications technology systems used

for civil aviation purPoses are developed and implemented;

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

(i) system architectures are secure by design:

(ii) systems are resilient;

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

(iv) system monitoring, and incident detection and

rePorting, methods are implemented; and

(v) forensic analysis ofcyber 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 Inspcclion
and facility check
aftcr accidcnt or
incident.

Radio frequency
management and
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(a) establish a procedure for the management and protection of
aeronautical radio spectrum;

(b) designate a resPonsible person to control any frequency
allocation within the aeronautical radio spectrum to ensure

that there will be no conflict and interference to any radio

stations or facilitY;

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

(d) establish procedures with the communication authority to

address occulrence of radio frequency interference;

(e) ensure that any frequency interference occulTences 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. (l) An Air Navigation Services Provider shall-

(a) ensure that it employs sufficient number of personnel who
possess the skills and competencies required in the provision of the

aeronautical telecommunication service;

(b) provide in the MANSOPS an analysis of the personnel

required to perform the Communication Navigation and

surveillance services for each facility taking into account the

duties and workload required;

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

achieved of each staff;

(d) develop an overall training policy and programme for the

organization that shall lay down;

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

(f) maintain individual training records for each ofits staff;

(g) conduct a yearly review of the training plan for each staff at

the beginning of the year to identify any gaPs in competency
and changes in training requirement and prioritize the type of
training required for the coming year; and

(h) ensure that the training requirements of these regulations are

similarly applied to its maintenance contractors, if any'

(2) The OJT officer in sub-regulation (l) (f) above shall have

satisfactorily completed the OJT instructional techniques course.

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

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

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

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

(b) implement corrective and preventive actions where necessary
to prevent recurrence ofthe 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.

I9. (l) 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. (l) The Air Navigation Service Provider shall ensure that for
safety critical systems, including automated air traffic control systems,
communication systems and instrument landing systems, the

commissioning of such systems shall include the conduct of a safety
case or equivalent.

(2) The Air Navigation Service Provider shall ensure that human
factors principles are observed in the design, oPerations and

maintenance of aeronautical telecommunication facilities.

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

(a) forward to the Aeronautical Information Services-

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

(ii) information conceming 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 pubtished.

(4) An air navigation service provider shall-

(a) establish a procedure to be used in the event of intemrption to
or when upgrading communication, navigation and

surveillance systems; and

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

PART IU_RADIO NAVIGATION AIDS

21. (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);

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

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

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

(0 the en-route VHF marker beacon.

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

(3) The CNS Provider shall publish in an Aeronautical
Information Pubtication (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 lvith an ILS.

22. (l) A precision approach radar (PAR) system, rvhere installed
and operated as a radio navigation aid together with equipment for two-
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way communication with aircraft and facilities for the efficient
coordination of these elements with air traffic control, shall conforrn 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 rvhich, when used in
conjunction rvith appropriate procedures, lvill provide effective
guidance to, and efficient coupling (manual or automatic) with, the
desired reference path.

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

(a)Thc 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.'lhe specifications for precision qpproach radar shall be as

contained in the First Schedule.

25. A surveillancc 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 torver and units providing approach control
services on a tinrely 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. Hunran factor principles shall be observed in the design and

certification of radio navigation aids.

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

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

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

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

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

monitor systems and Iemote 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 unii involved in the control of aircraft on the final
approach shall-

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

(ii) receive information on the operational status of the ILS'
with a delay commensurate rvith the requirements of the

oPerational environment;

(b) for a Category I ILS, if that ILS provides an essential radio
navigation service, the air traffic services unit involved in the

control of aircraft on the final approach shall-

(i) be one ofthe designated remote control Points; and

(ii) receive information on the oPerational status of the ILS'
with a delay commensurate with the requirements of the

operational environment.

3l.The ILS shall be constructed and adjusted so that, at a

specified distance from the threshold, similar instrumental indications
in the aircraft rePresent similar displacements from the course line or
ILS glide path is approPriate, irrespective of the particular ground

installation in use.

32. (l) 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 gtide path comPonents which form part of a

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

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

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

33. The ILS shall be designed and maintained to ensure adequate

level of safety rvithin the performance requirements in these

Regulations and consistent with the category of operational

performance.

34. (l) 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 lvhere the localizer in operational use is Facility
Performance Category I - ILS and no operarionally harmful
interference results.

(4) When switching from one ILS facility ro anorher, radiarion
from borh shall be suppressed for not less than 20 seconds.

35.The specifications of the VHF Localizer and associared
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.

4l.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.

a2. (l) The system shall comprise two basic components, one
fitted in the aircraft, the other installed on the ground.

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

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

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

PART IV_REQUIREMENTS FoR THE CLoBAL NAvIcATIoN SATELLITE
SYSTEM (GNss)

45. (l) The ANS Provider shall ensure that the Global Navigarion
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);

(fl 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 shatl 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 CNSS elements shall be as set out in
the Ninth Schedule.

50. GNSS shalt comply with performance requirements

contained in the Ninth Schedule.

51. The bearing given by the Automatic Direction Finder (ADF)
system shall not be in error by more than plus or minus 5 degrees with
a radio signal from any direction having a field strength of 70

microvolts per metre or more radiated from an 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-
(a)on the same frequency and l5 dB weaker;

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

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

PART V_EXEMPTIONS

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

(2) Unless in case of emergency, a Person requiring exemPtions
from any of these Regulations shall make an application to the

Authority at least sixty days prior to the proposed effective date' giving
the following information-
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(a) name and contact address including electronic mail and fax if
any;

(b) telephone number;

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

(d) justification for the exemption;

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

(0 the proposed duration of the exemption;

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

(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 qucstion;

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

0)if the_Cppl&gq!bS!$_l9s_-i0!9['a-t1o1-q]op3gfu 6.qqd_-cse_ts_ts
opcrate under the proposed exemption, an indication whether
the exemption would contravcne any provision of the
Standards and Recommended Practices of the Intcrnational
Civil Aviation Organization flCAO); and

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

(3) Wherc thc applicant seeks emergency proccssing of an
application for cxemption, the application shall contain supporting facts
and rcasons for not filing the application within the timc spccified in
sub regulation (2) and satisfactory rcason for dceming thc application
an emcrgcncy.

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

(5) The application for cxemption shall be accompanied by fcc
prescribed by thc Authority.

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

(a) the Gazettei

(b) aeronautical information circular; or

(c) a daily newspapcr with national circulation.

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

Rcvicw 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. (l) 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 recomrnendation based on the preceding elements, of
rvhether 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 signihcant 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 fordrug or alcohol usage.

(2) A person rvho-

(a) refuses to submit to a test to indicate the percentage by
weight of alcohol in the blood; or

(b) refuses to submit to a test to indicate the presence of narcotic
drugs, marijuana, or depressant or stimulant drugs or
substances in the body, when requested by a law
enforcement officer or the Authority, or refuses to furnish or
to authorise the release of the test results requested by the

Authority shall-
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(i) be denied any licence, certificate, rating, qualification, or
authorisation issued under these Regulations for a period
of up to one year from the date of that refusal; or

(ii) 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 grorving, 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. (l) An ANSP holder of a certificate issued under these

Regulations may apply to the Authority for-
(a) .replacement of the certificate if lost or destroyed; -.

(b) change of name on the certificate; or

(c) an endorsement on the certificate.

(2) When applying under paragraph ( I ), 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, rvhere necessary, retain copies thereof.

57. (l) A holder of an ANSP certificate issued under these

Regulations shall notify the Authority of the change in the physical and

mailing address within fourteen days of such change.

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

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

documents are lost or destroyed.

59. (l) A person shall not-
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(a) use any certificate or exemPtion issued or required by o-r

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 rcquired

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, renerval or

variation of any such certificate or exemption; or

(e) mutilate, alter, render illegible or destroy any records, or any

enEy 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 recoided 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-

regulaiion (i) unless he has satisfied himself that all statements in the

ceitificate are coftect, 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, -i"s, ot 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 Siven to

him by the Alt-hority or by any authorised person under any provision

of thise Regulations shall be deemed for the purposes of these

Regulations to have contravened that provision.

62. (l) The Authority shall notify in rvriting the fees to be

charged in connection with the issue, renewal or variation of any

certirtcate, test, inspection or investigation required by, or for the

purpose oi these Regulations any orders, notices or proclamations made

there under.

(2) Upon an application being made in connection with which

any fie is'chargeabli in accordance with the provisions..of.sub-
reiulation (l), thI 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

withclrawn by the apptCant or otherwise ceases to have effect or is

refused, the Authority shall not refund the payment made'

Rcports of
violation.

Failure to comply
rvith dircction.

Aeronautical fees
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PART VII-OFFENCES AND PENALTIES

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

64. (l) A person rvho 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 ir is proved thar 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.

56. (l) A license, certificate, appioval oi any dthCr doCument
issued to an operator prior to the commencement of these Regulations
shall continue in force as if it was issued under these Regulations until
it expires or is cancelled by the Authority.

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

Contravention of
Regulations.

Penalties

Appcals to the
Tribunal.

Truniition.
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FIRST SCHEDULE

SPECIFICATION FOR PRECISION APPROACH AND SURVEILLANCE RADAR SYSTEM

(regulations 24 &25)

The precision approach radar element (PAR)

Coverage

The PAR shalt be capable of detecting and indicating the position of an aircraft
of l5 m2 echoing arei or larger, rvhich is within a space bounded by a 20-degree

azimuth sector ;d a 7-degrEe elevation sector, to i 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

follorving shall included:

a) private flyer (single-engined): 5 to t0 m2;

b) small twin-enginecl aircraft: from l5 m2;

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

d) four-engined aircraft: fronr 50 to 100 m?.

Sititrg

The PAR shall be sited and adjusred so that it gives complete coverage of a

secror with its apex at a point 150 m (500 ft) from the touchdown,in the

direction of the siop end of the runtvay and extending plus or minus 5 degrees

about the runway ientre line in azimuth and from minus I degree to plus 6
degrees in elevation.

Accuracy

Azimuth accuracy - Azintuth information shall be displayed in such a, manner

that lefrright 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 eiiher 0.6 per cenr of the distance from the PAR antenna plus l0 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 effor at the touchdown shall not exceed

9 m (jO i0. fne 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 f0, 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 - Elevatiort information shall be displayed in such a manner
that up-down deviation from the descent path for which the equipment is set

shatl be easily observable. The maximum permissible error with respect to the

deviation from the on-course line shall be 0.4 per cent of the distance from the

PAR antenna plus l0 per cent of the actual linear displacement from the chosen

descent path oi 6 m (20 ft), whichever is greater.The equlpn1gnt shall be so sited

that the irror at the touchdorvn 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 f0, 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

t.t.t.2

t.l .2

l. I .2.1

1.1.3

1.1.3.1

t.t.3.2

1.1.3.3
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1.1.4

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

Information shall be made available to permit the position of the controlled
aircraft to be established rvith 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 renerved at least once every second.

The surveillance radar element (SRE)

Coverage

The SRE shall be capable ofdetecting aircraft of l5 m2 echoing area and larger,
which are in line of sight of the antenna within a volume described as follorvs:
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 thc horizontal plane ofthe
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.S-degree line up to 2 400 m (8 000
ft) above the level ofthe antenna; by a horizontal line at 2 400 m (8 000 ft) from
37 km (20 NM) back towards the antenna to the intersection rvith 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 4OO m (8 000 f0 line to the antenna.

Efforts shall be made in development to increase the coverage on an aircraft of
l5 m2 echoing area to at least the volume obtained by amending L2.1.1 with the
follorving substitutions:

(l) for 1.5 degrees, read 0.5 degree;

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

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

(4) for20 degrees, read 30 degrees.

Accuracy

Azimuth accuracy. The indication of position in azimuth shall be rvithin plus or
minus 2 degrees of the true position. It shall be possible to resolve the positions
of two aircraft rvhich 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 I 50 m (500 ft), rvhichever is the greater. It shall be possible to
resolve the positions of trvo aircraft that are separated by a distance of I per cent
of the true distance from the point of observation or 230 nr (750 ft), rvhichever is
the greater.

l.2.2.2.lThe error in distance indication shall not exceed 3 per cent of the true distance
or 150 m (500 f0, whichever is the greater.

1.2.3 The equipment shall be capable of completely renewing the information
concerning the distance and azimuth of any aircraft rvithin the coverage of the
equipment at least once every 4 seconds.

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

SPECIFICATIONS FoR VHF LOCALIZER AND ASSOCIATED MONITOR- (REGULATIONS 32 AND 35)

2.0 Specifcations for VHF localizer and associated monitor

Intoduction. The specifications in this section cover ILS localizers providing either

fositive guidance iniormation over 360 degrees of azimuth, or providing. such guidance

Inty witfiin a specified portion of the front coverage. where ILS localizers providing

pos'itive guidanie information in a limited sector are installed, information frgm some

iuitaUly iocated navigation aid, together with appropriate procedures' will generally be

required to ensure that any misleiding guidance information outside the sector is not

operationally significant.

2.1 General

2.1 .1 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

iadiation field pattern shall produce a course sector with one tone predominating

on one side ofihe course ancl rvith the other tone predominating on the opPosite

side.

when an observer faces the tocalizer fronr 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 ernployed in specifying the localizer field patterns shall

originate from thi 
""ntr" 

of the localizer antenna system rvhich provides the

signals used in the front course sector.

Radio Jrequency

The localizer shall operate in the band 108 MHz to lll.975 MHz. Where a

single radio frequency carrier is used, the frequency tolerance.shall not exceed

ptui or minus 0b05 p"r 
"ent. 

Where two radio frequency carriers are.used., the

i*qu"n"y tolerance ihalt not exceed 0.002 per cent and the nominal band

o""upi"a by the carriers shall be symmetrical about the assigned frequency.

Wittr af toierances applied, the frequency separation betrveen the carriers shall

not be less than 5 kHz nor more than 14 kHz.

The ernission from the localizer shall be horizontally polarized' The vertically

polarized component of the radiation on the course line shall not exceed that
'*hi"h 

"o.r"rponds 
to a DDM error of 0.016 when an aircraft is positioned on

the course lini 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 ihe course line shall not exceed that which

corr"sponds to a DDM error of 0.008 lvhen an aircraft is positioned on the

.or.r" lin" and is in a roll attitude of 20 degrees from the horizontal'

For Facility Performance Category III localizers, the vertically polarized

"olnpon"rt 
of the radiation within a lector 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 of20 degrees from the horizontal.

2.t.2

2.t.3

2.2

2.2.1

2.2.2

2.2.2.1

2.2.2.2
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2.2.3 For Facility Performance Category III localizers, signals emanating from the
transmitter shall contain no compor)ents rvhich result in an apparent course line
fluctuation of more than 0.005 DDM peak ro peak in the frequency band 0.01
Hz to 10 Hz.

2.3 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:

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

(2) 31.5 km (17 NM) between l0 degrees and 35 degrees from the front course line;

(3) 18.5 km (10 NM) outside of plus or rninus 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) rvithin the plus or minus l0-degree sector and
18.5 km (10 NM) within thc remainder of the coverage when alternative navigational
facilities provide satisfactory coverage rvithin the intermediate approach area. The
localizer signals shall be receivable at the distances specified at and above a height of 600
m (2 000 ft) above the elevation of the threshold, or 300 m (l 000 ft) above rhe elevarion
of the highest point within the intermediate and final approach areas, whichever is the
higher. Such signals shall be receivable, to the distances specified, up to a surface
extending outward from the localizer antenna and inclined at 7 degrees above the
horizontal.

2.3.2 In all parts of the coverage volume specified in2.3.l other than as specified in
2.3.2.1,2.3.2.2 and2.3.2.3, the field srrength shall be not less than 40 microvolts
per metre (minus I 14 dBW/m2). This minimum field strength shall be required
to permit satisfactory operational usage of ILS localizer facilities.

2.3.2.1 For Facility Performance Category I localizers, the minimum field strength on
the ILS glide path and within the localizer course sector from a distance of 18.5
km (10 NM) to a height of 60 m (200 f0 above the horizontal plane containing
the threshold shall be not less than 90;rv per merre (minus 107 dBWm2).

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

2.3.2.3 For Facility Performance Category lll localizers, the minimum field strength on
the ILS glide path and within the localizer course sector shall be not less than
100 pv per metre (minus 106 dBWm2) at a distance of 18.5 km (10 NM),
increasing to not less than 200 pv per metre (minus 100 dBWm2) at 6 m (20 ft)
above the horizontal plane containing the threshold. From this point to a further
point 4 m (12 ft) above the runway centre line, and 300 m (l 000 ft) from the
threshold in the direction of the localizer, and thereafter at a height of4 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 merrc (nrinus 106 dBW/m2).
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2.3.3

2.3.4

2.4

2.4.1

When coverage is achieved by a localizer using two radio frequcncy carriers,

one carrier pr6viding a radiation ficld pattern in the front course sector and the

other providing a raiiation field pattem oltside that sector, the ratio of the two

carriei signal itrengths in spacc within the front_course sector to the coveragc

limits specified at 2.3.1 shall not be less than l0 dB.

For Facility Performance Catcgory III localizers, the ratio of the two carrier

signat strcngttrs in $pace withinltri front course sector shall not be lcss than 16

dB.

Course structure

For Facility Performance Category I localizers, bends in the course line shall not

have amplitudes which excecd thc following:

For Facility Performancc Catcgorics II and III localizcrs, bcnds in tho coursc

line shall not havc amplitudes which exceed the following:
2.4.2

Andlor Catcgory III onlY:

Zone Amplitude (DDM)

(95% probability)

Outer limit of coverage to ILS Point
..AD

0.031

ILS Point "A" to ILS Point "B" 0.031 at ILS Point "A" dccrcasing at a

lincar rate to 0.015 at ILS Point "B"

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

7.ane Antplitude (DDM)

(95% probability)

Outer limit of covcrage to ILS Point
..An

0031

ILS Point'A" to II,s Point "B" 0.031 at ILS Point "A" decrGasing at a

linear ratc to 0.005 at ILS Point "B"

ILS Point "B" to the ILS refcrence

datum

0.005

Tane Amplitudc (DDM)

(95% probability)

IIJ refercnce datum to II^S Point "D" 0.005

ILS Point'D' to II,S Point "E' 0.fi)5 at II^S Point "D" incrcasing at a lincar
rate to 0.010 at IIS Point "E'
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Carrier nodulatiott

The nominal depth of modulation of the radio frequency carrier due to each of
the 90 Hz and 150 Hz tones shall be 20 pcr cent along the course line.

The depth of modulation of the radio frequency carrier due to each of rhc 90 Hz
and 150 Hz tones shall be within the limits of l8 and 22 per cenr.

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

a) the modulating tones shall be 90 Hz and 150 Hz rvithin 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;

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

d) the total harmonic content of the 90 Hz tone shall not exceed l0 per cent;
additionally, for Facility Performance Category III localizers, the second
harmonic of the 90 Hz tone shall not exceed 5 per cent;

e) the total harmonic content of the 150 Hz tone shall nor exceed l0 per cent.

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

For Facility Performance Category III 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 unwauted noise components that may
intermodulate rvith the 90 Hz and 150 Hz navigarion 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 halfcourse sector,
the dernodulated 90 Hz and 150 Hz wave forms pass through zero in the same
direction within:

2.5

2.5.1

2.5.2

2.5.3

2.5.3.1

2.5.3.2

2.5.3.3

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

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

2.5.3.4 With trvo-frequency localizer systems, 2.5.3.3 shall apply to each carrier. In
addition, the 90 Hz modulating tone of one carier shall be phase-locked to rhe
90 Hz modulating tone of the other carrier so that the demodulated rvave forms
pass through zero in the same direction rvithin:

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

b) for Category III localizers: l0 degrees, of phase relative to 90 Hz. Similarly,
the 150 Hz tones of the trvo carriers shall be phase-locked so rhat rhe
demodulated wave forms pass through zero in the same direction rvithin:

\
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1) for Categories I and II localizers: 20 degrees; and

2) for Category III localizers: l0 degrees, ofphase relative to 150 Hz'

2.5.3.5 Alternative two-frequency localizer systems that employ audio phasing different

from the normal in-phase conditions described in 2.5.3.4 shall be permitted. In

this alternative system, the 90 Hz to 90 Hz phasing and the 150 Hz to 150 Hz

phasing shall be adjusted to their nominal values to rvithin limits equivalent to

those stated in2.5.3.4

2.5.3.6 The sum of the modulation depths of the radio frequency carrier due to the 90

Hz and 150 Hz tones shall not exceed 60 per cent or be less than 30 Per cent

within the required coverage.

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

depths oi the radio frequency carrier due to the 90 Hz and 150 Hz tones shall not

exieed 60 per cent or be less than 30 per cent within the required coverage.

2.5.3.7 When utilizing a localizer for radiotelephone communications, the sum of the

modulation depths of the radio frequency carrier due to the 90 Hz and 150 Hz

tones shall not exceed 65 per cent within l0 degrees of the course line and shall

not exceed 78 per cent at any other point around the localizer'

2.6 Course alignment accuracY

2.6.1 The mean course line shall be adjusted and maintained within limits equivalent

to the following displacements from the runway centre line at the ILS reference

datum:

a) for Facility Performance category I localizers: plus or minus 10.5 m (35 ft),

or the linear equivalent of 0.015 DDM, rvhichever is less;

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

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

2.6.2 For Facility Performance Category II localizers, the mean course line shall be

adjusted and maintained within limiS equivalent to plus or minus 4.5 m (15 ft)
displacement from runway centre line at the ILS reference datum'

2.7

2.7.t

Displacement sensitivitY

The nominal displacement sensitivity within the half course sector shall be the

equivalent of 0.00145 DDM/m (0.00044 DDM/f0 at the ILS reference datum

except that for Category I localizers, where the specified nominal displacement

sensitivity cannot be met, the displacement sensitivity shall be adjusted as near

as possible to that value. For Facility Performance Category I localizers on

runway codes I and 2, the nominal displacement sensitivity shall be achieved at

the IIJ 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) l? per cent ofthe nominal value for Facility Perflonnance categories I and

II;

2.7.2
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b) l0 per cent of the nominal value for Facility Performance Category III.

For Facility Performance Category II - ILS, displacement sensitivity shall be
adjusted and maintained rvithin the limits of plus or minus l0 per cent.

The increase of DDM shall be substantially linear with respect to angular
displacement from the front course line (where DDM is zero) up to an angle on
either side of the front course line where the DDM is 0.180. From that angle to
plus or minus l0 degrees, the DDM shall not be less than 0.180. From plus or
minus l0 degrees to plus or minus 35 degrees, the DDM shall not be less than
0.155. Where coverage is required outside of the plus or minus 35 degrees
sector, the DDM in the area of the coverage, except in the back course sector,
shall not be less than 0.155.

Voice

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

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

If the channel is provided, it shall conform with the follorving Standards:

The channel shall be on the same radio frequency carrier or carriers as used for
the localizcr 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: l;

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

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

Identification

The localizer shall provide for the simultaneous transmission of an identification
signal, specific to the 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

2.7.3

2.7.4

2.8

2.8.1

2.8.2

2.8.3

2.8.3.1

2.8.4

2.8.4.1

2.9

2.9.1

2.9.2
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2.9.3

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 radiotclephone communications to that due to the

identification signal modulation is approximately 9:l (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 lerter ..I", followed by a short pause where it is necessary to

distinguish the ILS facitity 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 appioximately equal intervals, not less than six times Per minute, at all times

during which the localizer is available for operational use. when the

transmissions of the localizer are not available for operational use, as, for

example, after removal of navigation comPonents, or during maintenance or test

transmissions, the identification signal shall be suppressed. The dots shall have a

duration of 0.1 second to 0.160 second. The dash duration shall be typically

three times the duration of a dot. The interval between dots or dashes shall be

equal to that of one dot plus or minus l0 per cent. The interval between letters

shall not be less than the duratioir of three dots.

Silting

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 Iocation

shall be consistent rvith 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 runrvay.

2.9.4

2.10.2.1 The offset localizer system shall be located and adjusted in accordance with the

offset ILS provisions of the ICAO Procedures for Air Navigation Services -
AircraJt Operations (PANS-OPS) (Doc 8168), Volume II, and the localizer

standards shalt be referenced to the associated fictitious threshold point.

2.ll Monitoring

2.ll .l 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.

2.10

2.10.1

2.t0.2
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2.11.2 The conditions requiring initiation of monitor action shall be the following:

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

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

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

d) in the case of localizers in which the basic functions are provided by the use
of a single-frequency system, a reduction of power output to a level such that
any of the requirements of 2.3,2.4 or 2.5 are no longer satisfied, or to a level
that is less than 50 per cent of the normal level (whichever occurs first);

e) in the case of localizers in which the basic functions are provided by the use
of a two-frequency system, a reduction of power output for either carrier to
less than 80 per cent of normal, except that a grcater reduction t6 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.

2.11.2.1 In the case of localizers in rvhich the basic functions are provided by the use of a
two-frequency system, the conditions requiring initiation of monitor action shall
include the case when the DDM in the required coverage beyond plus or minus
l0 degrees from the front course line, except in the back course sector, decreases
below 0.155.

2.11.2.2 The total period of radiation, including period(s) of zero radiation, outside the
performance limits specified in a), b), c), d), e) and f) of 2.11.2 shall be as short
as practicable, consistent with the need for avoiding intemrptions of the
navigation service provided by the localizer.

2.11.2.2.1 The total period referred to under 2.11.3 shall not exceed under any
circumstances: l0 seconds for Category I localizers; 5 seconds for Category
II localizers; 2 seconds for Category III localizers.

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

2.11.2.3 Design and operation of the monitor system shall be consistent with the
requirement that navigation guidance and identification rvill be removed and a
waruing provided at the designated remote control points in thc event of failure
of the monitor system itself.
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Integrity and continuity of service requirements

The probability of not radiating false guidance signals shall not be less than I -
o.5 x-10-e in any one landing for Facility Performance Categories II and III
local izers.

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

2:V1 +nrr+/2SU

for VHF FM sounct broadcasting sigrrals in the range 107.7 - 108.0 MHz

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

a) l-2 x 10{ in any period of l5 seconds for Facility Performance Category II localizers

or localizers intended to be used for Category III A operations (equivalent to 2 000 hours

mean time between outages); and b) I -2 x l0{ in any period of30 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 l-a x 10-6

in any period of 15 seconds for Facility Performance Category I localizers

(equivalent to I 000 hours mean time between outages).

Interference immunity performance for Il,S localizer receiving systems

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 follorving:

aud

2Nr+&.: (z+-zorosfl)so

for VHF FM sound broadcasting signals below lO'1 .7 MHz, where the frequencies of the

two VHF FM sound broadcasting signals produce, within the receiver, a two-signal,

third-order inter modulation product on the desired ILS localizer frequency. Nl and N2

are the levels (dBm) of the two VHF FM sound broadcasting signals at the ILS localizer

receiver input. Neither level shall exceed the desensitization criteria set forth in2.13.2 A'f

= 108.1 - fl, where fl is the frequency of Nt, the VHF FM sound broadcasting signal

closer to 108.1 MHz.

2.13.2 The tLS localizer receiving system shall not be desensitized in the presence of
VHF FM broadcasr signals having levels in accordance with the following table:
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Maxintum level ofunwantcd Frequcncy signal at receiver hrput

Maxilrt trttt I a,el oJ' untrctnfed
Frecltrcncy sigtal at receh,er itrput
(MHz) (dBm)

88-102
104
106

107.9

+15
+10
+5

-10
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3.1

a)

b)

c)

3.1 .1

3.1.2

3.2

3.2.1

3.3

3.3.1

THIRD SCHEOULE

3.0 VHF marker beacons ( regulation 29 and j7)

3.3.2

34

3.4.1

Ceneral

There shatl be two marker beacons in each installation except rvhere, in the

opinion of the Authority, a single marker beacon is considered to be sufficient..

A third marker beacon may bc 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

4.0.

Identification signals of marker beacons used in conjutrction 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 Jrequency

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 II-S 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 (l 000 ft plus or minus 325 ft);

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

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

dBWm2).

Modulation

The modulation frequencies shall be as follows:

a) inner marker:3 000 Hz;

b) niddle marker: I 300 Hz;
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c) outer marker: 4OQ Hz.

The frequency tolerance of the above frequencies shall be plus or minus 2.5 per cent, and
the total harmonic contcnt of each of the frequencies shall not exceed I 5 per cent.

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

3.5

3.5.1

Identification

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 rnarket'.' a continuous series of altemate dots and dashes, the dashes
keyed at the rate of 2 dashes per second, and the dots at the rate of 6 dots
per second;

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

Siting

The inner marker shall bb 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 (l 500 ft) from the threshold and at not more than 30 m
(100 f0 from the extended centre line of the runway.

If the radiation pattem 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.

lf the radiation pattern is vertical, the middle marker shall be located I 050 m (3
50O 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 (25O ft) from the extended centre
line of the runway.

Ifthe 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 pattem
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, rvhere for topographical or operational reasons this distance is not
practicable, the outer marker may be located between 6.5 and I l.l km (3.5 and 6
NM) from the threshold.

3.6

3.6.1

3.6.1.1

3.6.t.2

3.6.2

3.6.2.t

3.6.2.2

3.6.3

3.6.3.1
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3.6.5

3.6.5.1

3.6.5.2

3.6.5.3

3.7

3.7 .1

3.7.2
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If the radiation pattern is vertical, the outer marker shall be not more than 75 m
(250 f0 from the extended centre line of the runway. If the radiation pattern is

other than vertical, the equipment shall be located so as to produce a field within
the course sector and ILS glide path sector that is substantially similar to that

produced by an antenna radiating a vertical Pattern.

The positions of marker beacons, or rvhere applicable, the equivalent distance(s)

indicated by the DME when used as an altemative 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

follorving 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 II5 ground equipment

Inn'odttctiott

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

lorv 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 ofa fatal accident during landing, due to failures or shortcomings in
the whole system, comprising the ground equipment, the aircraft and the pilot,
should not exceed I x l0-7. This criterion is frequently referred to as the global

risk factor.

3.8

3.8.1

3.8.1.1

3.8.1.2

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

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

Achieventent and retention 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
circ[itS fail to remoVe the faulty sitnal. Such a failure might Ccinstitute a hazard
if it results in a gross error.

Clearly not all integrity failures are hazardous in all phases ofthe approach. For
example, during the critical stages of the approach, undetected failures
producing gross errors in course width or course line shifts are of special
significance whereas an undetected change of modulation depth, or loss of
localizer and glide slope clearance and localizer identification would not
necessarily produce a hazardous situation. The criterion in assessing which
failurc 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 3.74, 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, I, from a

calculation of the probability of transmission of undetected erroneous radiation,
P.

3.8.1.3

3.8.1.4

3.8.2

3.8.2.1

3.8.2.2

3.8.2.3

3.8.2.4
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Since tho probability of occurrencc of an unsafe failurc within the monitoring or
control cquipmcnt is cxtnemely rcmote, to ostablish thc required intcgrity lcvel
with a high dcgrcc of confidcncc would neccssitate sn cvalustion pcriod many

timcs that necded to cstablish the cquipmcnt MTtsF. Such a prctracted period is

unacccptablc and thercforc thc required intcgrity lcve,l can only be prcdictcd by

rigorous dcsign analysis of thc oquipment'

Protcction of the intcgrity of the signal-in-spacc against degradation which can

arise from extrancous radio intorference falling within thc ILS frequency band

or from re-radiation of ILS signals must slso bc considorcd. With regard to radio

inerfercnce it may bc neccssary to confirm periodically that tttc level of
intcrfcrencc docs not constinrtc a hazard.

In gcncral, monitoring equipment dcsign is based on thc principlc of
continuously monitoring the radiatcd eignals-in-spacc at specific points within
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the coveragc volumc to ensure their conrpliance rvith the Standards specified at

2.ll 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 similally
rvithin tolerance, this is largely inferrccl. It is essential therefore to carry out
rigorous flight and ground inspections at periodic intervals to ensure the
intcgrity of thc signal-in-space throughout the coverage volume.

Achievenrcnt and retettion oJ cotttittuity 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 iuto Category II or III service, horvever, 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 somc equiprnent failures, such as a failure of a

transnritter resulting in the imrnediate transfer to a standby transmitter may not
necessarily result in an outage. For continuity of service Level 2,3 or 4, tlre
evaluation period should be sufficient to determine achievement of the required
level rvith a higlr degree of confiderrce. One method to demonstrate that
continuity standards are met is the sequential test rnethod. If this method is used,
thc follorving considerations apply:

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

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

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

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

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

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

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

this period in cases rvhere the operating euvironment is well corrtrolled and

sinrilar to other proven installations. Where several identical systenrs 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 evaluatlon 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 nornral operating condition of the conrponent or that the component

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

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

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

3.8.3

3.8.3.1

a)

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

mitigated by permanent changes to the operating conditions.

An assigned corrtinuity of service level should not be subject to frequent change.

A suitable n'rethod to assess the behaviour of a particular installation is to keep

the records and calculate the average MTBO over the last five to eight failures
of the equipment. This weighs the MTBO for continuity of service purposes to

be more relevant to the next approach, rather than computing MTBO over the

lifetime of the equipment. If continuity of service deteriorates, the assigned

designation should be reduced until improvements in performance can be

effected.

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

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

monitor system performing the following functions:

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

b) confirming operation of the standby equipment.

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

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

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

facility.

To reduce mutual interference between the main and standby transmitters any

stray radiation from the latter is at least 50 dB betow the carrier level ofthe 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 intemrption to the operational service provided by the

localizer or glide path is necessary. It is important when using this technique to

ensure that the total duration of the check cycle is short enough not to exceed the

total period specified in2.11.2.3 or3.7.4

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.

3.8.4.6 Warnings of failures of critical parts of the system, such as the failure of the

primary power supply, must be given at the designated control points'

3.8.4.7 ln order to reduce failure of equipment that may be operating near its monitor
tolerance limits, it is useful for the monitor system to include provision to
generate a pre-alarm warning signal to the designated control point when the

monitored parameters reach a limit equal to a value in the order of 75 per cent of
the monitor alarm limit.

3.8.4.8 An equipment arrangement similar to that at 4.8.4, but with no transmitter
redundancy, would normally be expected to achieve the objectives for continuity
of service l*vel2.

3.8.5 Guidance relating to localizer far field monitors is given below.

3.8.5.1 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 inonitorS.-In-aatditi6h;1he far fiald iionitol-S'rBcm will eiihehce 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.

3.8.5.2 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 thc conventional monitor system.

3.8.5.3 The signal received by the far field monitor will suffer short-term interference

effects caused by aircraft movements on or in the vicinity of the runway and

experience has shown that it is not practical to use the far field monitor as an

executive monitor. When used as a passive monitor, means must be adopted to
minimize such temporary interference effects and to reduce the occurrence of
nuisance downgrade indications; some methods of achieving this are covered in
4.8.5.4. The response of the far field monitor to interfercnce 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.

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

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

sensitivity in lieu of a portable far field monitor;
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b) it may be uscd to providc a continuous rccording of far ficld signal

pcrformance showing thc quality of the far ficld signal and thc cxtent of
signal disturbancc.

Possible methods ofreducing thc occurrcncc ofnuisancc downgrade indications
include:

a) incorporation of a timc delay within thc systcm adjustablc from 30 to 240

scconds;

b) the use ofa validation technique to cnsurc that only indications not affectcd

by transitory disturbancqs arc transmittcd to the control system;

c) use of low pass filtcring.

A typical far field monitor consists of an antenm, VHF reccivor and associatcd
rronitoring units which providc indications of DDM, modulation sum, &nd RF
gignal levcl. The rccoiving antonna is usually of a dircctional type to minimizo
unwantcd interfcrcnce and should be at thc grcatest height compatiblc with
obstaclc clcarancc limits. For course linc monitoring, thc antcnna is usually
positioned along the cxtendcd runway c€ntne line. Whcre it is desired to also

rronitor displaccmcnt sensitivity, an additional rcceivcr and monitor arc
hstallcd with antcnna suitably positioncd to one sidc of thc cxtcndcd runway
cenhc line. Somc systerru utilizc a number of spatially eeparated antennaE.
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FoURTH ScHeouIg

4.0 UHF glide path equipnteril and associated ntonitor(XD) (regulations 36 and 37)

4.1 General

4.1.1 The radiation from the UHF glide path antenna system shall produce a
composite field pattern rvhich 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

4.1.2

4.1.2.t

4.t.3

4.1.4

4.1.5

4.t.6

4.2

4.2.1

4.2.2

4.2.3

The ILS glide path angle shall be 3 degrees. ILS glide path
degrees shall not be used except where alternative
obstruction clearance requirements are impracticable.

angles in excess of 3
means of satisfying

The glide path angle shall be adjusted and maintained within:

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

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

The downward extended straight portion 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 f0. 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 f0. A tolerance of plus 3 m (10 ft) is permitted.

The height of the ILS reference datum for Facility Performance Category I -
ILS used on short precision approach runway codes I and 2 shall be 12 m (40

ft). A tolerance of plus 6 m (20 ft) is permitted.

Radio frequency

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

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

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



rl

Kenya Subsidiary Le gis lation, 20 I 8 2123

4.3 Coverage

4.3.1 The glide path equipment shall provide signals sufficient to allow satisfactory
operation of a typical aircraft installation in sectors of 8 degrees in azimuth on

each side of the centre line of the ILS glide path, to a distance of at least18.5 km
(10 NM) up to 1.75 0 and dorvn to 0.45 0 above the horizontal or to such lower
angle, down to 0.30 0, as required to safeguard the promulgated glide path
intercept procedure.

4.3.2 In order to provide the coverage for glide path performance specified in 3.3'1,
the minimum field strength within this coverage sector shall be 400 microvolts
per metre (minus 95 dBWm2). For Facility Performance Category I glide paths,
this field strength shall be provided down to a height of30 m (100 ft) above the

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

4.4 ILS glide path structure

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

Tane Amplitude (DDM) (95Vo probabilim)

Outer limit of coverage

to ILS Point "C" 0.035

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

Zone Amplilude ( DDM) ( 9 5Vo orobabilitv )

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 0423

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 1o 42.5

Per cent.

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

a) the modulating tones shall be 9O 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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c) the modulating tones shall be 90 Hz and 150 Hz within I per ccnt for
Facility Performance Category III - ILS;

d) the total harmonic content of the 90 Hz tone shall not cxceed l0 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 excecd l0 per cent.

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

For Facility Performance Category III glide path equipment, the depth of
amplitude modulation of the radio frequency carrier at the powcr supply
frequcncy or harmonics, or at other noisc frcqucncies, shall not exceed I pcr
cent.

The modulation shall be phase-locked so that within the ILS half glide path
sector, the demodulated 90 Hz and 150 Hz wavc forms pass through zero in the
same direction within:

for Facility Performance Categories I and II - IL,S glidepaths: 20 dcgrccs;

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

With two-froquency glide path systems,3-5.3 shall apply to cach carrier. In
addition, the 9() Hz modulating tone of onc carrier shall bc phasc-locked to the
90 Hz modulating tone of the othcr carrier so that the demodulatcd wave forms
pass through zcro in the same direction within:

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

b) for Category III - ILS glide paths: l0 degrccs, of phasc rclativc to 90 Hz.
Similarly, the 150 Hz tones of thc two carriers shall bc phase-locked so that
the dcmodulated wave forms pass through zcro in the sarne direction,
rvithin:

l) for Categories I and II - Il,S glide paths: 20 degrees;

2) for Category III - ILS glide paths: l0 dcgrccs, of phase rclative 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
permittcd. In thcse alternative syrtems, the 90 Hz to 90 Hz phasing and the 150
Hz to 150 Hz phasing shall bc adjusted to thcir nominal values to within limits
equivalent to those stated in 3.5.3.1

Undesircd frcgucncy and phase modulation on ILS glidc path radio frequency
carriers that can affect thc displayed DDM values in glidc path rcccivcrs shall bc
minimizcd to thc extcnt practical.

4.5.2.t

4.5.2.2

4.5.3

a)

b)

4.5.3. t

4.5.3.2

45.4
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D isplacenten t se ns itiv ity

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

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 O.l2 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 0 and minus 0.05 0

For Facility Performance Category III - LS 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 shalt be achieved at an angle
not less than 0.30 0 above the horizontal. However, if it is achieved at an angle
above 0.45 0, the DDM value shall not be less thanO.22 at least dorvn to 0.45 0
or to such lower angle, down to 0.30 e, as required to safeguard the promulgated
glide path intercept procedure.

For Facility Performance Category I - ILS glide Paths, the angular
displacement sensitivity shalt 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
l5 per cent of the nominal value selected.

Monitoring

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

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

b) in the case of ILS glide paths in which the basic functions are provided by
the use of a single-frequency system, a reduction of power output to less
than 50 per cent of normal, provided the glide path continues to meet the
requirements of 3.3 , 3.4 and 3.5;

4.6.2

4.6.3

4.6.4

4.6.5

4.6.6

4.6.7

4.6.8

4.7

4.7.1
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c) in the case of ILS glide paths in rvhich 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
betrveen 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 belorv the glide path (150 Hz
predominating) at which a DDM of 0.0875 is realized by more than the
greater ol
i) Plus or minus 0.0375 0; or

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

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

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

g) - a reduction'of DDMto Iess than 0,175 within the specified coverage below
the glide path sector.

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

4.7.3 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 procticable, consistent
with the need for avoiding intemrptions of the navigation service provided by
the ILS glide path.

4.7.3.1 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.

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

4.7.4 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.

4.8

4.8.1

Integrity and continuity of service requirements

The probability of not radiating false guidance signals shall not be less than l-
orxl0-ein any one landing for Facility Performance Categories II and III glide
paths.

The probability of not radiating false guidance signals shall not be less than l-
tot19-'r in any one landing for Facility Performance Category I glide paths.

4.8.2
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4.8.3

4.8.4

4.9

4.9.1

The probability of not losing thc radiatcd guidance signal shall be grcater than l-
2x10{ in any pcriod of 15 scconds for Facility Performance categories II and III
glidc paths (cquivalent to 2 000 hours mean timc betwecn outages)'

The probability ofnor losing thc radiated guidance signal shall cxcecdl-.'x l0{
in any period-of t5 scconds for Facility Performance category I glide paths

(equivalent to I 000 hours mean time between outages).

localizcr and glide pathfrcqucncy pairing

The pairing of the runway locatizer and glide path transmitter frcquencies of an

instrument landing system shall be takcn from thc following list:

CiIide parlT
(l{EL=)

334--7
334.-55
334-L
s33-95
329.9
329.75
330-5
330.35
329-3
329-15
331.4
33L-25
332-O
33 r. -85
33?-6
332-45
5.55.1
333.O5
3-33-8
333-65
334-4
334-23
33s.O
334-85
329 -6
329.45
33()-2
330-O5
330-a
330-65
33L-7
331-55
332.3
332-15
332-9
332.75
333-5
333-35
331.1
330-95

Locctlf.=er'
(MH=)
108.1
LOA
104
roa
104
104
L08
toa
108
10a.9-5
I09-1
1. 09- 1-<
109.3
L 09.3-s
109.-s
109.5s
7.O9-7
tog.7s
l09-9
109.95
1 1-O- 1
I 10.15
110.3
110.3-s
110-5
110.55
tao-7
L LO-75
110.9
110.9-s
111-1
1:. 1. r5
111.3

t5
5
35
5
5-s
7
75
9

5
5-s
7
75
9
95

11r
111
111
111
lrl
L r1
111

35
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4.9.1 .l In those regions where the reguirements for runway localizer and glide path
transmitter frequencies of an instrument landing system do not justify more than
20 pairs, they shall be selecred sequentially, as required, from the follorving list:

5ec1trcnce

ilutnber

I

2

J

4

5

6

7

8

9

l0
ll
l2
13

t4
l5
l6
l7
18

19

20

Locali;er
(MH:t

Ulide path
(MH:)

335.0

333.8

332.6

334.4

333.2

332.0

33t.4
330.8

330.2

329.6

334.7

334.1

329.9

330.5

329.3

33r.7
332.3

332.9

333.5

331.1

110.3

109.9

109.5

I 10.1

109.7

109.3

109.1

110.9

110.7

110.-5

108.1

108.3

108.5

108.7

108.9

111.1

1l 1.3

11i.5
111.7

11 1.9

4.9.2

4.9.3

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

Existing ILS localizers in the international service operating on frequencies
ending in odd tenths of a megahertz shall not be assigned new frequencies
ending in odd tenths plus one twentieth of a megahertz except where, by
regional agrcement, general use may be made of any of thc channets listed in
3.9.1.
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FIFTH SCHEDULE

5.0 Specifcationfor VHF Onmi directional Range (VOR) - (regulation 39)

5.1 Ge neral

5.1.1

5.t.2

5.1 .3

?t29

5.2

5.2.t

5.3

5.3.1

5.2.2

5.2.3

The VOR shall be constructed and adjusted so that similar instrumental
indications in aircraft represent equal clockwise angular deviations (bearings),

degree for degree from magnetic North as measured from the location of the

voR.

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

point of observation differs from that of the reference phase by an angle equal to
the bearing of the point of observation with respect to the VOR.

The reference and variable phase modulations shall be in phase along the

reference magnetic meridian through the station.

Radio frequency

The VOR shall operate in the band lll.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 I17.950 MHz. The channel separation
shall be in increments of 50 kHz referred to the highest assignable frequency. In
areas where 100 kHz or 200 kHz channel spacing is in general use, the

frequency tolerance of the radio frequency carrier shall be plus or minus 0.005
per cent.

The frequency tolerance of the radio frequency carrier of all new installations
implemented after 23 May 1974 in areas where 50 kHz channel spacing is in use

shall be plus or minus 0.002 per cent.

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

Polarization and pattern accuracy

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

The ground station contribution to the error in the bearing information conveyed
by the horizontally polarized radiation from the VOR for all elevation angles
between 0 and 40 degrees, measured from the centre of the VOR antenna

system, shall be within plus or minus 2 degrees.

5.3.2
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5.4 Coverage

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

typical aircraft installation at the levels and distances required for operational
reasons, and up to an elevation angle of40 degrees.

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

5.5 Modulations of navigatiott signals

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

a) a subcarrier of 9 960 Hz of constant amplitude, frequency modulated at3O Hz:

l) for the conventional VOR, the 30 Hz component of this FM subcarrier is
fixed without respect to azimuth and is termed the "reference phase" and shall
have a deviation ratio of 16 plus or minus I (i.e. 15 to l7);

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

b) a 30 Hz amplitude modulation component:

l) for the conventional VOR, this conrponent 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 rvith relation to
azimuth and constant amplitude, is radiated omnidirectionally and is termed the
"reference phase".

5.5 .2 The nominal depth of modulation of the radio frequency carrier due to the 30 Hz
signal or the subcarrier of 9 960 Hz shall be within the limits of 28 per cent and
32 per cent.

5.5.3 The depth of modulation of the radio frequency carrier due to the 30 Hz signal,
as observed at any angle of elevation up to 5 degrees, shall be within the limits
of 25 to 35 per cent. The depth of modulation of the radio frequency carrier due
to the 9 960 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.

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

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

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

Where 50 kHz VOR channel spacing is inrplemented, the sideband level of the
harmonics of the 9 960H2 component in the radiated signal shall not exceed the
following levels referred to the level of the 9 960 Hz sideband:

Subcarrter Level

I960 Hz
Znd harmonlc
3rd harmonlc
{th harmonic and aborre

0 dB ref-erence

-30 dB

-50 dB

-00 dB

Voice and identification

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

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

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

The VOR shall provide for the simultaneous transmission of a signal of
identification on the same radio frequency carrier as that used for the
navigational function. The identification signal radiation shall be horizontally
polarized.

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

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

The depth to which the radio frequency carrier is modulated by the code
identification signal shall be close to, but not in excess of l0 per cent except
that, where a communication channel is not provided, il 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 I per
cent in order to provide a satisfactory voice quality.

5.6

5.6.1

5.6.2

s.6.3

5.6.4

s.6.5

5.6.5.1

5.6.6

5.6.6.t
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The transmission of speech shall not interfere in any way with the basic
navigational function. When speech is being radiated, the code identification
shall not be suppressed.

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

Monitoring

Suitable equipment located in the radiation field shall provide signals for the
operation of an automatic monitor. The monitor shall transmit a 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 I degree at the monitor site of the bearing information
transmitted by the VOR;

b) a reduction of l5 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.

lnterference immuniry 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:

2M + tVr +72<0

5.6.7

5.6.8

5;t

5.7.1

5.8

5.8.1

5:7.'.2

for VHF FM sound broadcastlng slgnals In lhe range 107.7 - 108.0 MHz

and

zrvr * il, .r(zl -zo rosf,J < o

for VHF FM sound broadcasting signals below 107.7 MHz,

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

Nl and N2 are the levels (dBm) of the two VHF FM sound broadcasting signals at the

VOR receiver input. Neither level shall exceed the desensitization criteria set forth in
5.8.2.
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Af = 108.1 - fl , wherc fl is the frequcncy of Nl, the VHF FM sound broadcasting signal
closer to 108.1 MHz,

5.8.2 The VOR receiving system shall not bc descnsitized in the prcscncc of VIIF FIvl
broadcast signals having levcls in accordancc with thc following table:

Reqaercy
(Mnz)

88-102
104

106

107.9

Maxlmum level of
uflwaftd slgE,l at

recffwr InPd
(ffin)

+15
+10
+5
-10
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SIXTH SCHEDULE

6.0 Specificationfor 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
T0"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 polver 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 ofthe spectrum between 190 kHz and I 750 kHz.

6.3.2 The frequency tolerance applicable to NDBs shall be 0.01 per cent excePt that,
for NDBs of antenna power above 200 W using frequencies of I 606.5 kHz and

above, the tolerance shall be 0O05 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 ldentification

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

6.4.2 The complete identification shall be transmitted at least once every 30 seconds,
except rvhere the beacon identification is effected by on/off keying of the
carrier. In this latter case, the identification shall be at approximately [-minute
intervals, except that a shorter interval may be used at particular NDB stations
where this is found to be operationally desirable.
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Except for those cases where the beacon identification is effected by on/off
keying of the carrier, the identification signal shall be transmitted at least three
times each 30 seconds, spaced equally lvithin that time period.

For NDBs lvith 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 rvithin that time period.

The frequency of the modulating tone used for identification shall be I O20 Hz
plus or minus 50 Hz or 400 Hz plus or minus 25 Hz.

C haracte ristics of entis s io ns

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 identiflred by on/off keying of the unmodulated carier
(NON/AlA) if they are in areas of high beacon density or rvhere the required
rated coverage is not practicable of achievement because of:

a) radio interference from radio stations;

b) high atmospheric noise;

c) local conditions

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

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

The carrier power of an NDB with NON/A2A emissions shall not fall when the
identity signal is being radiated except that, in the case of an NDB having an

average radius of rated coverage exceeding 92.7 km (50 NM), a fall of not more
than 1.5 dB will be accepted.

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

The bandwidth of emissions and the level of spurious emissions shall be kept at
the lowest value that the state of technique and the nature of the service permit.

Siting of locators

Where locators are used as a supplement to the ILS, they shall be located at the
sites of the outer and middle marker beacons. Where only one locator is used as

a supplement to the ILS, preference shall be given to location at the site of the
outer marker beacon. Where locators are employed as an aid to final approach in
the absence of an ILS, equivalent locations to those applying when an ILS is
installed shall be selected, taking into account the relevant obstacle clearance
provisions of the Civil Aviation (Construction of Visual and Instrument Flight
Procedures) Regulations 20 17.
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Where locators are installed at both the middle and outer marker positions, they
shall be located, where practicable, on the same side 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) a decrease in radiated carrier power of more than 50 per cent below that
required for the rated coverage;

b) failure to transmit the identification signal;

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

When an NDB is operated from a power source having a frequency which is
close to airbome 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.

Dqlng the hours of service of a lotator, the means of monitoring shall provide
foi a continuous check on the functioning of the locator as provided in 6.7.1 a),
b) and c).

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

6.6.2

6.7

6.7.1

6.7.2

6.7.3

6.7.4
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SEVENTH ScHpnule

7.0 Specificationfor UHF distance nrcasuring equipment (DME)-( regulation 4j)

7 .l 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 rvith the interrogations, thus
providing means for accurate measuremeltt of distance.

7.1.4 DME/P shall have two operating modes,lA 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 withT .2.3.4;

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

c) comply with the identification provisions of 7.2.6.4

7.1.6 Collocation limils Jor a DME faciliry associated with an II,S, MIS or VOR

facility
7.1.6.1 Associated VOR and DME facilities shall be collocated in accordance lvith 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 f0;

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

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

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

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

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

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

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

When the DME is frequency paired lvith 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 rvhere 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 S shall apply only to DME
equipment first installed after I January 1989.

Sys tem charac t e r i s t ic s

Performance

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

Coverarge

When associated rvith a VOR, DME/II coverage shall be at least that of the

VOR to the extent practicable.

When associated rvith 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 in7.2.1.4,7.3.5 and7.4.5
shall be met on a 95 per cent probability basis.

DMEIP accuracy

Error componerrrs. The path following elror (PFE) shall be comprised of
those frequency components of the DME/P error at the output of the
interogator which lie below 1.5 rad/s. The control niotion noise (CMN) shall
be comprised of those frequency components of the DME/P error at the

output of the interrogator which lie between 0.5 rad/s and l0 rad/s.

Errors on the extended runway centre line shall not exceed the values given

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

7 .1.6.2.5

7 .t.6.2.6

7.t.7

't.2

7.2.1

7 .2.t.1

7.2.t.3

'1.2.t.3.1

7.2.1.2

't.2.t.2.1

7 .2.1.2.2

7.2.t.4

1 .2.1.4.t

7 .2.1.4.2

7.2.1.4.3
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Radio lrequencies and polarization. The system shall operate with vertical
polarization in the frequency band 960 MHz to I 215 MHz. The interrogation
and reply frequencies shall be assigned with I MHz 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 in7.3.4.1. One shall be used in the initial approach
(IA) mode; the other shall be used in the final approach (FA) mode.

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

Channel pairing. When a DME transponder is intended to operate in association
with a single VHF navigation facility in the 108 MHz to I17.95 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
Il-Volume l).
I nte rro gat ion P ulse repetition fi'eque ncy.

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.

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

DME/N. After l5 000 pairs of pulses have been transmitted without acquiring
indication of distance, the PRF shall not exceed 60 pairs of pulses per second
thereafter, until a change in operating channel is made or successful search is
completed.

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

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

a) Search 40

b) aircraft on the ground 5

c) initial approach mode track 16

final approach mode track 40

Atrcraft 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.

Wherethe peak traffic in an area exceeds 100 aircraft, the transponder shall be
capable of handling that peak traffic.



2t40 Kenya S ubsidiaty Le gis lation, 20 I 8

7.2.6 Transponder identification

7.2.6.1 All transponders shall transmit an identification signal in one of the following
forms as required by 7.2.6.5:

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

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

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

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

7.2.6.2.2 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 l0 microseconds after each
identity pair.

7.2.6.2.3 DMEIP. Reply pulses shall be transmitted between key down times.

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

7.2.6.2.5 The DMVP transponder shall not employ the equalizing pair of pulses of
7.2.6.2.2.

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

follows:

a) the identity signal shall consist of the transmission of the beacon code in the
form of dots and dashes (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 of0.l second to 0.160 second. The dashes
shall be typicatly 3 times the duration of the dots.

The duration between dots or dashes shall be equal to that of one dot plus or minus l0 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 l0 seconds.

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

a) when associated with a VHF or an MLS angle facility, the identification
shall be transmitted in the form of dots and dashes (lnternational Morse
Code) as in 7.2.6.3 and shall be synchronized with the VHF facility -

identification code;
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b) each 4O-second interval shall be divided into four or more equal periods,
with the transponder identification transmitted during one period only and
the associated VHF and MLS angle facility identification, where these are
provided, transmitted during the remaining periods;

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

7.2.6.5 ld.enti,fication implementation

7 .2.6.5)The "independent" identification code shall be enrployed wherever a
transponder is not specifically associated rvith a VHF navigational facility or an
MLS facility.

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

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

7.2.7 DME|P mode transition

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

7.2.7.2 For standard I 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 Systent 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

7.3.t

7.3.1.1

Detailed technical characteristics of ffansponder and associated monitor

Transmitter

Frequency of operation. The transponder shall transmit on the reply frequency
appropriate to the assigned DME channel (see 7.2.3).

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

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

a) Pulse rise time.

l) DMEIN. Pulse rise time shall not exceed 3 microseconds.

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

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

7.3.1.2

7 .3.1 .3
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c) Pulse decay time shall nominally be 2.5 microseconds but shall not exceed
3.5 microseconds.

d) Thc 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 rvhich is 95 per cent of the maximunr
amplitude, fall below a value which is 95 per cent of the maximum voltage
amplitude of the pulse.

e) For DME/N and DME/P: the spectrum of the pulse modulated signal shall
be such that during the pulse the EIRP contained in a 0.5 MHz band centred
on frequencies 0.8 MHz above and 0.8 MHz below the nominal channel
frequency in each case shall not exceed 200 mW, and the EIRP contained in
a 0.5 MHz band centred on frequencies 2MHz above and 2MHz 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.

0 To ensure proper operation of the thresholding techniques, the
instantaneous magnitude of any pulse turn-on transients which occur in time
prior to the virtual origin shall be less than one per cent of the pulse peak
amplitude. Initiation of the turn-on process shall not commence sooner than
I microsecond prior tothe virtual origin:

7.3.1.4 Pulse spacing

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

given in the table in 7.3.4.1.

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

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

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

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

7 .3.1.5 Peak potver output

7.3.1.5.1 DMEIN. Thc peak EIRP shall not be less than that required to ensure a peak
pulse porver density of approximately minus 83 dBWm2 at the maximum
specifred service range and level.

7 .3.1 .5.2 DME/N . The peak equivalent isotropically radiated power shall not be less than
that required to ensure a peak pulse power density of minus 89 dBWm2 under
all operational weather conditions at any Point within coverage specified in
7.2.r.2.

7 .3.1 .5.3 DME|P . The peak equivalent isotropically radiated power shall not be less than
that required to ensure the following peak pulse power densities under all
operational weather conditions:

a) minus 89 dBWm2 at any point within the coverage specified in7 .2.1.2 at
ranges greater than 13 km (7 NM) from the transponder antenna;
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b) minus 75 dBWm2 at any point within the coverage specihed in 7 .2.1.2 at
ranges less than l3 km (7 NM) from the transponder antenna;

c) minus 70 dBWm2 at the MLS approach reference datum;

d) minus 79 dBWm2 at 2.5 m (8 ft) above rhe 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.

7 .3.1 .5.4 The peak porver of the constituent pulses of any pair of pulses shall not differ
by more than I dB.

7.3. I .5 .5 The reply capability of the transmitter shall be such that the rransponder should
be capable of continuous operation at a transmission rate of 2 7oo plus or
minus 90 pulse pairs per second (if 100 aircraft are to be served).

7.3.1.5.6 The transmitter shall operate at a transmission rate, including randomly
distributed pulse pairs and distance reply pulse pairs, of not less than 700 puhl
pairs per second except during identity. The minimum transmission rateihall
be as close as practicable to 700 pulse pairs per second. For DME/p, in no case
shall it exceed I 200 pulse pairs per second.

7 .3.1.6 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 ro the ieply
frequency in use during the transmission of the required pulses. This provision
refers to all spurious transmissions, including modulator and Llectrical
interference.

7.3.1.6.1 DMEIN. The spurious power level specified in7.3.1.6 shall be more than g0
dB below the peak pulse power level.

7.3.1.6.2 DME/P. The spurious power level specified in 2.3.1.6 shall be more than g0
dB below the peak pulse power level.

7.3.1.6.3 out-of-bancl spurious radiatioa. At all frequencies from l0 to I g00 MHz, but
excluding the band of frequencies from 960 to I 215 MHz, the spurious output
of the DME transponder transmitter shall not exceed minus 40 dBm in 

"ny 
on"

kHz of receiver bandwidth.

7 .3 .l .6.4 The equivalent isotropically radiated power of any CW harmonic of the carrier
frequency on any DME operating channel shall not exceed minus l0 dBm.

7 .3.2 Receiver

7.3-2-l Frequency of operation. The receiver centre frequency shall be the
interrogation frequency appropriate to the assigned DME operating channel
(see 7.2.3).

7.3.2.2 Frequency stability. The centre frequency of the receiver shall not vary more
than plus or minus 0.002 percent from the assigned frequency.

7.3.2.3 Transponder sensitivity

7.3.2.3.1 In the absence of all interrogation pulse pairs, rvith the exception of those
necessary to perform the sensitivity measurement, interrogation pulse pairs
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rvith the correct spacing and nominal frequency shall trigger the transponder if
the peak power density at the lransPonder antenna is at least:

a) minus 103 dBWm2 for DME/N rvith coverage range greater than 56 km
(30 NM);

b) minus 93 dBWm2 for DMEA.{ rvith coverage range not greater than 56 km

(30 NM);

c) minus 86 dBWm2 for DME/P IA mode;

d) minus 75 dBWm2 for DME/P FA mode.

7.3.2.3.2The minimum power densities specified in7.3.2.3.1 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.

i.3.2.3.3DMfllN 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 ihe minimum specified in 7 .3.2.3.1 up to a nraximum of
minus 22 dBWm2 when instatled with ILS or MLS and minus 35 dBW/m2

' -when installed-forother applications.- -_ -- '

't .3.2.3.4DME1P 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 in7.3.2.3.1 up to a maximum of
minus 22 dBWm2.

7.3.2.3.5The transponder sensitivity level shall not vary by more than I dB for
transpondir loadings between 0 and 90 Per cent of its maximum transmission

rate.

7 .3.2.3.6DME/N. When the spacing of an inteffogator pulse pair varies from the nominal

value by up to plus or minus I microsecond, the receiver sensitivity shall not be

reduced by more than I dB.

7 .3 .2.3 .'7 DME\P. When the spacing of an interrogator pulse pair varies from the nominal

value by up to plus or minus I microsecond, the receiver sensitivity shall not be

reduced by more than I dB.

1.3.2.4 laad liniting
7.3.2.4JDM8/N. When transponder loading exceeds 90 per cent of the maximum

transmission rate, the ieceiver 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.)

i.3.Z.4.2DME\P. To prevent transponder overloading the transPonder shall automatically

limit its replies, so as to ensure that the maximum transmission rate is not

exceeded. if the receiver sensitivity reduction is implemented to meet this

requirement, it shall be applied to the IA mode only and shall not affect the FA
mode.

7.3.2.5 Noue, 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 Bandwidtlt

7.3.2.6.1The minimum permissible bandwidth of the receiver shall bc such that rhe
transponder sensitivity level shall not deteriorate by more than 3 dB when rhe
total receiver drift is added to an incoming interrogation frequency drift of plus
or minus 100 kHz.

7.3.2.6.2DME|N. The receiver bandrvidth shall be sufficient to allow compliance with
7.4.1 .3 when the input signals are those specified in 7 .4.1 .3

7.3.2.6.3DM8/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 2MHz and the 60 dB bandrvidth shalt nor
exceed l0 MHz.

7.3.2.6.4DME1P - FA mode. The receiver bandrvidth shall be sufficient to allow
compliance with 7.4.l.3when the input signals are those specifted in 7.4.1.3. The
12 dB bandwidth shall not exceed 6 MHz and the 60 dB bandrvidth 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 bc suppressed at least 80 dB. All
other spurious response or signals within the 960 MHz to I 215 MHz band and
image frequencies shall be suppressed at least 75 dB.

7.3.2.7 Recovery tinre. 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.

7 .3.3 Decoding

7 .3.3.1 The transponder shall include a decoding circuit such that the transponder can be
triggered only by pairs of received pulses having pulse duration and pulse
spacings appropriate to interrogator signals as described in 7 .4.1 .3 and 7 .4.1 .4.

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

7.3.3.3 DME|N - Decoder rejection. An interogation pulse pair with a spacing of ptus
or minus 2 microseconds, or more, from the nominal value and with any signal
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level up to the value specified in 7.3.2.3.3 shall be rcjected such that the

transmission rate does not exceed the value obtained when interrogations are

absent.

7.3.3.4 DME|P - Decoder rejection. An interrogation pulse pair with a spacing of plus

or minus 2 nricrosecorrds, or more, from the nominal value and with any signal
level up to the value specified in'1 .3.2.3.4 shall be rejected such that the

transmission rate does not exceed the value obtained when interrogations are

absent.

7.3.4 Tine delay

7.3.4.1 When a DME is associated only with a VHF facility, the time delay shall be the

interval from the halfvoltage point on the leading edge ofthe 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-l: Time delay

futse PQlr
spacing (ps) Ttna delay (ys)

Channel
srLrrh'

x

Operuting node fnrcn'ogation RePIY
lst pulso 2nd pulse
tilnlng timiltg

50

50

56

56

56

62

50

56

t2
12

tz

30

30

30

24

24
24

30

Y

w

DMEN
DT{E/P Lq. M
DME/P FA lvl

DIvIEA{
DME/PL4.M
DN{E/P FA N.I

12

72

t8

36

36

42

50

50

DME/N
D}{E./P LC. M
DME/P FA\,I

Z DME.'N
DIvIE/P IA M 2l 15 56

DI\'IEIP PA IvI ?7 15 62

a) W and X are multiplexed on the same ltequency.

b) Z and Y are multiplexed on rhe same frequency.

7.3.4.2 When a DME is associated rvith 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.

'l .3.4.2.1For DME/P transponders, no time delay adjustment shall be permitted.

7.3.4.3 For the DMBN the transponder time delay shall be capable of being set to an
appropriate value betrveen 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 speciflic point remote from the
transponder site.

'l .3.4.3.1 DMEIN. The time delay shall be the interval from the half voltage point on the
leading edge of the first constituent pulse of the interrogation pair and the half
voltage point on the leading edge of the first constituent pulse of the reply
transmission.

7.3.4.3.2DM8/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.

7.3.4.3.3DM0|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.

Accuracy

DME/N. The transponder shall not contribute more than plus or minus I
microsecond (150 m (500 f0) to the overall system error.

7 .3.5 .l .l DME|N The contribution to the total system error due to the combination of the
transponder elrors, fansponder location coordinate errors, propagation effects
and random pulse interference effects shall be not greater than plus or minus 340
m (0.183 NM) plus 1.25 per cent of distance measure.

7.3.5.1.2DM8/N. The combination of the transponder errors, transponder location
coordinate errors, propagation effects and random pulse interference effects
shall not contribute more rhan plus or minus 185 m (0.1 NM) to the overall
system erTor.

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 f0) ro the overall system error.

7.3.5.3 DME|P - FA mode

7.3.5.3.lAccuracy stdndard 1. The transponder shall not contribute more than plus or
minus l0 m (plus or minus 33 f0 PFE and plus or minus 8 m (plus or minus 26
f0 CMN to the overall system error.

7.3.5.3.2Accuracy standard 2. The transponder shall not contribute more than plus or
minus 5 m (plus or minus 16 f0 PFE and plus or minus 5 m (plus or minus 16 ft)
CMN to the overall system error.

'1.3.5

7.3.5.1
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1.3.5.4 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 l0 m (plus or minus 33

f0 CMN to the overall system error.

Efficiency

The transponder reply efficiency shatl 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 .

Transponder dead time. The transponder shall be rendered inoperative for a

period normally not to exceed 60 microseconds after a valid interrogation

iecode has occurred. In extreme cases when the geographical site of the

transponder is such as to produce undesirable reflection problems, the dead time

may be increased but only by the minimum amount necessary to allow the

suppression of echoes for DMEA'I and DME/? 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 .l Means shall be provided. at each transponder site for the autornatic monitoring
and control of the transponder in use.

7.3.7.2 DMEIN monitoring action

1.3.1 .2-1[n the event that any of the conditions specified in7.3.7.2.2 occur, the monitor
shall cause the following action to take place:

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

b) the operating transponder shall be automatically srvitched off; and

c) the standby transponder, if provided, shall be automatically placed in
operation.

1 .3 .'t .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 I microsecond
(150 m (500 f0) or more; tb) in the case of a DME/N associated with a

landing aid, the transponder delay differs from the assigned value by 0'5

microsecond (75 m (250 ft)) or more.

7 .3.7 .2.3The monitor shall cause the actions specified in 7 .3 .7 .2.1 if the spacing between

the first and second pulse of the transponder pulse pair differs from the nominal

value specified in the table following 7.3.4.1 by I microsecond or more..

7.3.j.2.4The monitor shall also cause a suitable indication to be given at a control point if
any of the following conditions arise:

a) a fall of 3 dB or more in transponder transmitted Power outPut;

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

reduction circuits);
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c) the spacing between the first and second pulse of the transponder reply
pulse pair differs from the normal value specified in 7.3.1.4 by I
microsecond or more;

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

7.3.7.2.5Means shall be provided so that any of the conditions and malfunctioning
enumerated in7.3.7.2.2,7.3.7.2.3 and7.3.7.2.4 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 l0 seconds, consistent with the need for
avoiding interruption, due to transient effects, of the service provided by the
transponder.

7.3.7.2.6The transponder shall not be triggered more than 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.|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) 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;

b) there is a reduction in the EIRP to less than that necessary ro satisfy the
requirements specified in 7.3.1.5.3 for a period of more than one second;

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

d) 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 in7.3.7.3.1. Attempts to clear a fault by resetting
the primary ground equipment or by switching to standby ground equipment, if
fitted, shall be completed within this time. If the fault is not cleared within the
time allowed, the radiation shall cease. After shutdown, no attempt shall be
made to restore seryice until a period of20 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.



2150 Kenya Subsidiary l*gislation, 20 I 8

7.3.7.3.5 DMETN and DME\P ntoniror faihtre. Failure of any part of the monitor itself
shall automatically produce the same results as the malfunctioning of the

element being monitored.

Te chnicctl c harac te r i s t ic s oJ i nte rro Sato r

Transmitter

Frequency oJ operation. The interrogator shall transmit on the

frequency appropriate to the assigned DME channel (see 7.2.3).

1.4

7 .4.t

7.4.t.1 interrogation

7.4.1.2 Frequency stability. The radio frequency of operation shall not vary more than

plus or minus 100 kHz from the assigned value.

7.4.1.3 Pulse shape and spectum. The following shall apply to all radiated pulses:

a) Pulse rise time,

l) DMEIN. Pulse rise time shall not exceed 3 microseconds.

2) DMEIP. Pulse rise time shall not exceed 1.6 microseconds. For the FA
mode, the pulse shall have a partial rise time of 0.25 plus or minus 0.05

microsecond. With respect to the FA mode and accuracy standard l, the

slope of the pulse in the partial rise time shall not vary by more than plus

or minus 20 per cent. For accuracy standard 2 the slope shall not vary'by
more than Plus or minus l0 Per cent.

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

c) Pulse decay time shall nominally be 2.5 microseconds, but shall not exceed

3.5 microseconds.

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

e) The specrrum 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'

0 To ensure proper operation of the thresholding techniques, the

instantaneous magnitude of any pulse turn-on transients which occur in time
prior to the virtual origin shall be less than one Per cent of the pulse peak

amplitude. Initiation of the turn-on process shall not commence sooner than

I microsecond prior to the virtual origin.

7 .4.1.4 Pulse spacing

7.4.1.4.1 The spacing of the constituent pulses of transmitted pulse pairs shall be as

given in the table in 7.3.4.1

7.4.1.4.2 DMEIN. The tolerance on the pulse spacing shall be plus or minus 0.5

microsecond.

7A.1.4.3 DMEIN. The tolerance on the pulse spacing shall be plus or minus 0.25

microsecond.
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7.4.1 .4.4 DMEIP. The tolerance on the pulse spacing shall be plus or minus 0.25
microsecond.

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

7.4.1.5 Pulse repetitionfi'equency

7 .4.1.5.1 The pulse repetition frequency shall be as specified in7 .2.4

7 .4.1 .5.2 The variation in time between successive pairs of interrogation pulses shall be
sufficient to prevent false lock-on.

7.4.1 .5.3 DMEIP. In order to achieve the system accuracy specified in 7.2.1.4, the
variation in time between successive pairs of interrogation pulses shall be
sufficiently random to decorrelate high frequency multipath errors.

7.4.1.6 Spurious radiatiott. During intervals between transmission of individual
pulses, the spurious pulse power received and measured in a receiver having
the sanre characteristics of a DME transponder receiver, but tuned to any DME
interrogation or reply frequency, shall be more than 50 dB below the peak
pulse power received and measured in the same receiver tuned to the
interrogation frequency in use during the transmission of the required pulses.
This provision shall apply to all spurious pulse transmissions. The spurious
CW power radiated from the interrogator on any DME interrogation or reply
frequency shall not exceed 20 microwatts (minus 47 dBW).

7.4.1.7 The spurious pulse power received and measured under the conditions stated in
7 .4.1 .6 above shall be 80 dB below the required peak pulse power received.

7 .4.1.8 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.

7.4.2

7.4.2.t

7.4.2.2

7.4.2.3

7.4.2.4

7.4.2.5

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 rvhich 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 ofthe first constituent interrogation pulse and the time
at which the distance circuits reach the condition corresponding to zero distance
indication.

DME|P - IA nrode. 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.

DMEIP - 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 rvhich 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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Receiver

Frequency ofoperation. The receiver centre frequency shall be the transponder
frequency appropriate to the assigned DME operating channel (see1.2.3.3).

Receiver sensitivity

DME|N. The airborne equipment sensitivity shall be sufficient to acquire and
provide distance information to the accuracy specified in7A.4 for the signal
power density specified in 7 .3.1 .5 .2.

DME|P. The airbome equipment sensitivity shall be sufficient to acquire and
provide distance information to the accuracy specified in 1.4.4.2 and 7.4.4.3
for the signal power densities specified in 7.3.1.5.3.

DMEIN. The performance of the interogator shall be maintained rvhen 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 minuslS dBWm2.

DMEIP. The performance of the interrogator shall be maintained rvhen the
power density of the transponder signal at the interrogator antenna is between
the minimum values given in 7.3.1.5 and a maximum of minus l8 dBWm2.

Bandwidth

DME|N.The receiver bandwidth shall be sufficient to allow compliance with
7 .2.1.3, when the input signals are those specif,red in 7.3.1.3

DME|P - IA mode. The receiver bandwidth shall be sufficient to allow
compliance with 7.2.1.3 when the input signals are those specified in 7.3.1.3.
The l2-dB bandwidth shall not exceed 2 MHz and the 60-dB bandwidth shall
not exceed l0 MHz.

DME/P - FA 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
l2-dB bandwidth shall not exceed 6 MHz and the 60-dB bandwidth shall not
exceed 2OMHz.

Inte rfe rence 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 airbome 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 rcjected.

Decoding

The interrogator shall include a decoding circuit such that the receiver can be
triggered only by pairs of received pulses having pulse duration and pulse
spacings appropriate to transponder signals as described in7 .3.1 .4

'1.4.3

7.4.3.1

7.4.3.2

7.4.3.2.1

7.4.3.2.2

7.4.3.2.3

7.4.3.2.4

7.4.3.3

7.4.3.3.1

7.4.3.3.2

7.4.3.3.3

7.4.3.4

7.4.3.4.1

7.4.3.4.2

7.4.3.4.3

7.4.3.5

7 .4.3 .5 .t



7.4.3.5.2

7.4.3.5.3

7.4.4

7.4.4.1

7.4.4.2

7.4.4.3
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DME|N - Decoder rejection. A rcply 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 bc rejectcd.

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

DMEIN. Thc 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,

DMEIP - lA mode. The interrogator shall not contribute more than plus or
minus 30 m (plus or minus l0O ft) to thc overall system PFE and not more rhan
plus or minus 15 m (plus or minus 50 ft) to the overall system CMN.

DME/P - FA mode

7.4.4.3.1 Accuracy standard,l. The interrogator shall not contributc more than plus or
minus 15 m (plus or minus 50 f0 to thc overall system PFE and not more than
plus or minus 10 m (plus or minus 33 f0 to the overall system CMN.

7.4.4.3.2 Accuracy standard 2. The interrogator shall not contribute morc than plus or
minus 7 m (plus or minus 23 ft) to the overall systcm PFE and not morc than
plus or minus 7 m (plus or minus 23 ft) to thc ovcratl systcm CMN.

7.4.4.4 DMEIP. The intcrrogator shall achicve thc accuracy spocified in 7.2.1.4 with a
systcm cfficicncy of 50 pcrccnt or morc.
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EIGHTH SCHEDULE

8.0 Specificationfor en-route VHF marker beacons 175 MHz)- (regulation 44)

8.1 Equipnrent

8.1.1 Frequencies. The emissions of an en-route VHF marker beacon shall have a

radio frequency of 75 MHz plus or minus 0.005 per cent.

8.1.2

8.1.2.1

C haracte r istics of emiss io ns

.l Radio marker beacons shall radiate an unintemrpted carrier modulated to a
depth ofnot less than 95 per cent or more than 100 per cent. The total harmonic
content of the modulation shall not exceed l5 per cent.

8.1.2.2 The frequency of the modulating tone shall be 3 000 Hz plus or minus 75 Hz.

8.1.2.3 The radiation shall be horizontally polarized.

8.1,2.4. -ldentificatiott 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 rvords per minute. The carrier shall
not be interrupted during identification.

8.1.2.5 Determination of coverage. The limits of coverage of marker beacons shall be

determined on the basis of the field strength specified in4.2.3.

8.1.2.6 Radiation pattern.

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

8.1.3 Motritoring.

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;

c) a failure of keying.
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NINTH SCHEDULE

9.0 Requirements for the Global Navigation Satellite Systcm (GNSS)- (regulations 45,
48,49 and 50)

9.1 Table 9-l Signal in space performance requirements
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NOTES._
1. Ihc 95th pcrcentik values tor GNSS position cnors are those rcquircd for thc
intandcd opcration at the lowcst height above threslald (HAT), if applicablc.

2. Thc dcfinttion of thc intcgrity rcquircment includcs an akrt limit against which the
rcquircmcnt can bc assessed. For Category I precision approach, a vcrticdl alcrt limit
(VAL) grcater than 10 m fur a specific systcm design may only be used il a system-
spacific safcty analysis has bcen completed.These alert limits are:
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3.The accuracy and time-to-alert requirements include the nominal performance of a
fault-fi'ee 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, tatfic density, complexity of airspace and
availability of alternative navigation aids. The lower value given is the ninimum
requirement for areas with low tafic density and airspace contplexity. The higher value
given is appropriate for areas with high taffic density and airspace complexity.
Continuity requit'ements for APV and Categoty I operations apply to the average risk
(over time) of loss of service, normalized to a IS-second exposure tinrc .

5. A range of values is given for the availability requirentents as these requirentents are
dependent upon the operalional need which is based upon several factors inclucling the

/requency of operations, weather environments, the size and duration of the outages,
availability of alternate navigatiott aids, radar coverage, tralJic density and reversionary
operutional 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 uport the availability require,nents at airports with a large
amount oJ trafic assuming that operations to or fiom multiple runways are affected but
reversionary operational pt'ocedures ensure the safety of the operation.

6. A range oJvalues is specifiedfor Category I precision approach.The 4.0 m (13 feet)
requirement is basetl uport IIS specifications and represents a conservative derivation

from these specif cations.
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7. GMtt pcrformancc requiremcnts for Catcgory II and III prccision approach
opcratbns are under rcview and will be includcd at a latcr date.

8. Thc terms APV-I and APV-il reJer to two levels o/ GilSS approach and landing
opcrations with vertical guidance (APV) and theso tcrms are not ncccssarily intcndcd to
be uscd opcrationally.

92 GNSS elcments spccifications

9.2.1 GPS Standard Positioning Scrvicc (SPS) (LI)

9.2.1.1 Space and control scgmcnt accuracy

9.2.l.l.lPositioning accuracy. Thc GPS SPS position crrors shall not excecd the
following limits:

9.2.1.1.2 Timc transfcr accuracy. Thc GPS SPS time transfer errors shall not excced 40
nanoseconds 95 per cent of the time.

9.2.1.1.3 Range domain accurac!. The rangc domain crror shall not exceed the
following limis:

a) range error of any sarcllitc - 30 m (100 f0 with reliability spccificd in 9.2.13;

b) 95th percentile range ratc cnor of any satcllirc - 0.006 m (0.002 ft) per sccond
(global average);

c) 95th pcrccntile range accclcration orror of any satollitc - 0.002 m (0.006 ft) pcr
sccond-squared (global averagc) and

d) 95th percentilc range cnor for any satellitee over all time differenccs bctwecn
timc of data generation and timo of usc of data - 7.8 m (26 ft) (global avcragc).

9.2.1.2 Availabi@.Ttu GPS SPS availability shall bc as follows:

>99 Pcr cent horizontal scrvice availability, averagc location (17 m 95 pcr cent ttucshold)
>99 pcr cent vcrtical servicc availability, average location (37 m 95 pcr ocnt thrcshold)
>X) pct ccnt horizontal scrvice availability, worst-casc locrtion (17 m 95 pcr ccnt
threshold) >90 per cent vcrtical service availability, worst-casc location (37 m 95 pcr ccnt
threshoH)

Global avcragc
95% of
thc time

Worst sitc
95% of
tho time

Horizontal position error 9 m (30ft) 17 m (56ft)

Vcrtical position enor 15 m (49ft) 37 m (121ft)
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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

9.2.t.5

9.2.t.6

9.2.t.7

9.2.1.7 .t

9.2.1.9

9.2.t.t0

9.2.1.7.2 Signal spectrnm.The GPS SPS signal power shall be contained within a tl2
MHz band (1563.42- 1587.42 MHz) centred on the Ll frequency.

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

9.2.1 .'t .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 ofpropagation.

9.2.1.7.5 Modulation. The SPS Ll signal shall be bipolar phase shift key (BPSK)

modulated with a pseudo random noise (PRN) |.023 MHz coarse/acquisition
(C/A) code. The C/A code sequence shall be repeated each millisecond. The
transmitted PRN code sequence shall be the Modulo-2 addition of 50 bits per

second navigation message and the C/A code.

9.2.1.8 GPS time. GPS time shall be referenced to UTC (as maintained by the U.S
Naval Observatory).

Probability of major service failure. The probability that the user range error
(URE) of any satellite will exceed 4.42 times the upper bound on the user

range accuracy (URA) broadcast by that satellite without an alert received at

the user receiver antenna within l0 seconds shall not exceed 1xl0'5per hour.

Continuity. The probability of losing CPS SPS signal-in-space (SIS)

availability from a slot of the nominal 24-slot constellation due to unscheduled
interruption shall not exceed 2xl0{ per hour.

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

Radio frequency ( RF ) characteristics

Carrier Jrequency. Each GPS satellite shall broadcast an SPS signal at the

carrier frequency of 1575.42 MHz (GPS Ll) using code divisioh multiple
access (CDMA).

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

Navigatiott infurmation. The navigation data transmitted by the satellites shall
include the necessary information to determine:
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a) satellite time of transmission;

b) satcllite position;

c) satellite health;

d) satellite clock correction;

e) propagation delay effects;

f) time transfer to UTC; and

g) constellation status.

92.2 GLONASS Channel of Snndard Accuracy (CSA) (Ll)

9.2.2.1 Space and control segmcnt accuracy

9.2.2.l.lPositioning accuracy. The GLONASS CSA position errors shall not exceed the
following limits:

9.2.2.1.2 Timc transJcr occuracy. Thc GLONASS CSA time transfer errors shall not
excecd 700 nanoseconds 95 per cent of the time.

92.2.1.3 Rangc domain accuracy. Thc range domain cnor shall not excccd the
following limits:

a) range error ofany satcllite - lE m (59.7 ft);

b) range rate error of any satellite - 0O2 m (0.07 ft) per second;

c) range accelcration error of any satcllitc - 0.007 m (0.023 ft) pcr second
squared;

d) root-mean-square range eror ovcr all satellites - 6 m (19.9 ft).

9.2.2.2 Availability.The GLONASS CSA availability shall bc as follows:

a) >99 pcr cent horizontal scrvicc availability, avcrage location (12 m,95 pcr
cent thrcshold):

b) >99 per cent vertical scrvice availability, avcrage location (25 m,95 per ccnt
threshold);

c) >90 per cent horizontal servicc availability, worst-case location (12 m,95 pcr
cent threshold);

d) >90 per ccnt vcrtical scrvicc availability, worst-casc location (25 m,95 per
ccnt threshold).

9.2.2.3 Rcliability.The GLONASS CSA rcliability shall be within thc following limits:

Global average
95% of the timc

Worst site
95% of the time

Horizontal position error 5 m (17 ft) 12 m (4O ft)
Verticrl position error 9m(29ft) 25 m (97 ft)

I
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a) frequency ofa major service failure - not more than three per year for the

constellation (global average); and

b) reliability - at least 99.1 per cent (global average).

Coverage. The GLONASS CSA shall cover the surface of the earth uP to an

altitude of 2 000 km.

GLONNS lirre. GLONASS time shall be referenced to UTC (SU) (as

maintained by the National Time Service of Russia).

Coordinate system.The GLONASS coordinate system shall bePZ-9Q.

Navigation information. The navigation data transmitted by the satellite shall
include the necessary information to determine:

a) satellite time of transmission;

b) satellite position;

9.2.2.s

9.2.2.s.1

RF characteristics

Carrierfi'equenc),. Each GLONASS satellite shall broadcast CSA navigation
signal at its own carrier frequency in the Ll (1.6 GHz) frequency band using

frequency division multiple access (FDMA).

9.2.2.5.2 Signal spectun. GLONASS CSA signal power shall be contained within a

t5.75MHz band centred on each GLONASS carrier frequency.

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

9.2.2.5.4 Signal power level.Each GLONASS satellite shall broadcast CSA navigation
signhls with Sufficient power suih that, at all unobstructdd locadons heaf 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 -16l dBW to -155.2 dBW
for all antenna orientations orthogonal to the direction ofpropagation.

9.2.2.5.5 Modulation
9.2.2.5.5.1 Each GLONASS satellite shall transmit at its carrier frequency the navigation

RF signal using a BPSK modulated binary train. The phase shift keying of
the carrier shall be performed at ,[-radians with the maximum error 10.2

radian. The pseudo-random code sequence shall be rcPeated each

millisecond.

9.2.2.5.5.2 The modulating navigation signal shall be generated by the Modulo-2
addition of the following three binary signals:
a) ranging code transmitted at 51 I kbits/s;

b) navigation message transmitted at 50 bits/s; and

c) 100 Hz auxiliary meander sequence.

9.2.2.4

9.2.2.6

9.2.2.7

9.2.2.8
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9.2.3

9.2.3.1

c) satellite health;

d) satellite clock correction;

e) time transfer to UTC; and

f) constellation status.

Aircraft-based augnrcntation system (ABAS)

Petformance. 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.

9.2.4

9.2.4.1 Petformance. 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: deternrine and transmit the GNSS satellite health
status;

(c) basic differential correction: provide GNSS satellite ephemeris and clock
corrections (fast and long-term) to be applied to the pseudo-range
measurements from satellites; and

(d) precise differential correction: determine and transmit the ionospheric
corrections.

9.2.4.2.1 Ranging

S ate I li te - bas ed au g me nt ati o n sy stem (SBAS)

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 l0-5.

The probability of unscheduled outages of the ranging function from an
SBAS satellite in any hour shall not exceed l0-r.

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

The range acceleration error shall not exceed 0.019 m (0,06 fD 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.

9.2.4.2.r.1

9.2.4.2.t.2

9.2.4.2.r.3

9.2.4.2.t.4

9.2.4.2.1.5

9.2.4.3



9.2.4.4

9.2.4.4.1

9.2.4.4.2
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RF characteristics

Carrier lrequency. The carrier frequency shall be I 575.42 MHz.

Signal spectunt. At least 95 per cent of the broadcast power shall be

contained rvithin a x.lZ MHz band centred on the Ll frequency. The

bandwidth of the signal transmitted by an SBAS satellite shall be at least 2.2

MHz.

9.2.4.4.3 SBAS satellite signal power level

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

navigation signals with sufficient power such that, at all unobstructed
locations near the ground from which the satellite is observed at an elevation

angle of 5 degrees or higher, the level of the received RF signal at the

antenna port of a 3 dBi linearly Polarized antenna is within the range of -16l
dBW to -153 dBW for all antenna orientations orthogonal to the direction of
ProPagation.

9.2.4.4.3.2 Each SBAS satellite placed in orbit after 3l December 2013 shall comply
with the following requirements:

a) The satellite shall broadcast navigation signals with sufficient power
such that, at all unobstructed locations near the ground from which the

satellite is observed at or above the minimum elevation angle for which
a trackable GEO signal needs to be provided, the level of the received
RF signal at the antenna port of the antenna specified in tables 9-l and

9-2, is at least -164.0 dBW.

Table 9-1. Interference thresholds for pulsed interference

GPS and SBAS GLONASS
Frequency range I 515.42MH2 t l0 MHz I 592.9525 MHz to I
609.36 MHz
Interference threshold -20 dBW 20 dBW
(Pulse peak power)
Pulse rvidth <125 Ps <250 Ps

Pulse duty cycle slVo sl%o

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

Elevation angle degrees Minimum gain dBic
0-7
5 -5.5
104
15 to 90 -2.5

Note.- The -5.5 dBic gain at 5 degrees elevation angle is appropriate lor an Ll
antenna. A higlrcr gain may be required in the future for GNSS sdgnals in the L5lE5
band.
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(b) Minimum elevation angle. The minimum elevation angle used to determine
GEO coverage shall not be less than 5 degrees for a user near the ground.

(c) The level of a received SBAS RF signal at the antenna port of a 0 dBic
antenna located near the ground shall not exceed -152.5 dBW.

(d) The ellipticity of the broadcast signal shall be no worse than 2 dB for the
angular range oft9.l" from boresight.

9.2.4.4.4 Polarization. The broadcast signal shall be right-hand circularly polarized.

9.2.4.4.5 Modulation. The transmitted sequence shall be the Modulo-2 addition of the
navigation message at a rate of 500 symbols per second and the I 023 bit
pseudo-random noise code. It shall then be BPSK-modulated onto the carrier at
a rate of 1.023 megachips per second.

9.2.4.5 SBAS nenuork time (SNT). The difference betrveen SNT and GPS time shall
not exceed 50 nanoseconds.

9.2.4.6 Navigation information. The navigation data transmitted by the satellites shall
include the necessary information to determine:

a) SBAS satellite time of transmission;

b) SBAS satellite position;

c) corrected satellite time for all satellites;

d) corrected satellite position for all satellites:

e) ionospheric propagation delay effects;

Q user position integrity;

g) time transfer to UTC; and

h) service level status.

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

9.2.5.1 Performance. GBAS combined with one or more of the other GNSS elements
and a faultfree GNSS receiver shall meet the requirements for system accuracy,
continuity, availability and integrity for the intended operation as stated in 9.0.

9.2.5.2 Functions. GBAS shall perform the following functions:

a) provide locally relevant pseudo-range corrections;

b) provide GBAS-rqlated data;

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

d) provide predicted ranging source availability data; and

e) provide integrity monitoring for GNSS ranging sources.



2164 Kenya Subsidiary lzgislation, 20 I 8

9.2.5.3 Coverage

9.2.5.3.1 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 pernrit:

a) laterally, beginning at 140 m (450 f0 each side of the landing threshold

point/fictitious threshold point (LTP/FTP) and projecting out t35 degrees

eitherside of the final approach path to 28 km (15 NM) and tlO degrees

either side of the final approach Path to 37 km (20 NM): and

b) vertically, within the lateral region, uP to the Sreater of 7 degrces or I .75

promulgated glide path angle (GPA) above the horizontal with an origin at

the glide path interception point (GPIP) and 0'45 GPA above the

horizontal or to such lower angle, down to 0.30 GPA' as required, to

safeguard the promulgated glide Path intercePt procedure. This coverage

applies between 30 m (100 f0 and 3 000 m (10 000 ft) height above

threshold (HAT).

92.5.3.1.1 For Category I precilion approach, the data broadcast as specifiri:d in9.2.5.4-
shall extend down to 3.7 m (12 ft) above thc runrvay surface.

9.2.5.3.1.2 The data broadcast shall be omni-directional when required to suPPort the

intended applications.

9.2.5.3.2 GBAS positioning service. The GBAS positioning service arca shall be that

area where the data broadcast can be received and the positioning service

meets the requirements of 9.0 and suPPorts the corresponding approved

oPerations.

9.2.5.4

9.2.5.4.r

Data broadcas t charac t er i stic s

Carrier frequency. The data broadcast radio frequencies used shall be

selectecl 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 I 17.950 MHz. The seParation between assignable

frequencies (channel spacing) shall be 25 kHz.

9.2.5.4.2

9.2.5.4.3

9.2.54.4

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 l0 500 symbols per second.

Data broadca$ RF rteU strength and polarizatiort

9.2.5.4.4.t GBASTH

9.2.5.4.4.1.1 A horizontally polarized signal shall be broadcast
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9.2.5.4.4.t.2 The cffective radiated power (ERP) shall provide for a horizontally
polarized signal with a minimum field strength of 215 microvolts per
metre (-99 dBWm2) 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 benveen the HPOL and any VPOL components shall be
such that the minimum signal power is achieved for HPOL users
throughout the coverage volume.

9.2.5.4.4.2

9.2.5.4.4.2.1

9.2.5.4.4.2.2

GBAS/E

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 rvith a minimum field strength of 136 microvolts per metre (-103
dBW/m2) and a maximum field strength of O.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.

9.2.5.4.5 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 is adjacent channel shall not exceed the
values shorvn in Table 9 .2.5.4-l .

Table 9.2.5.4.5-1 GBAS broadcast power transmitted in adjacent channels

Channel Relative power Maximum power
lst adjacent -40 dBc 12 dBm
2nd adjacent -65 dBc -13 dBm
4th adjacent --74 dBc --22 dBm
8th adjacent -88.5 dBc -36.5 dBm
l6th adjacent -101.5 dBc --49.5 dBm
32nd adjacent -105 dBc -53 dBm
64th adjacent -ll3 dBc -61 dBm
76th adjacent and beyond -l 15 dBc -63 dBm

NOTES._
l.The maximum power applies if the autlorized transmittet' power exceeds 150 W.
2.The relationship is linear between single adjacent poi,tts designated by the adjacent

channels identified above.

An elliptically polarized signal shall be broadcast whenever practical
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9.2.5.4.6 IJnwanted 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

Freqnencl'

Poatetire rewalred
euisim [erel

eloeI

r\Irtiswl nnruautrd
enf:simle*=l

(I.[ore l)

l0 [{FIz to 106-l?5 h{tlz
106,4?5 h{HE
l0?-?!5 hfHz
l0?.6!5 h{Hr

' l0?.$15-LIEIz-
107_9r5I\{Erz

!07.962J MIlz
101.975 MHz
I1S.000 MHz

118.012J lvtHz
I lS-050 S{EIZ

I lS.I50 S{Hz
I l8-3i0 L{Hz
I l8-750 l,{Hz
I 19.J50 L[EIz

I I9.S50 B{Hz to I GHz
1 GHz to 1.7 GHz

9 kHz to I50 *Hz

150 lflz to l0 Iltlz

-93 dB:

S{ote }}
-103 dBc

O{ote l}
-ll5 dBc

-l 13 dBc

-105 dBc

-i01.5 dBc

-8&i dE<

-?rl alBc

-71 iIBc

-{5 alBc

-65 dBc

-71 ttBc

-?* dBc

-&8-5 dB<

-l0lJ dBc

-lO5 dEc

-1 1l dBc

-115 dEc

-l l5 dBc

-55 dBlr/l ktlz
$iote 3)

-J5 d3nu'l0 kllz
(Nota 3)

-91 dBnrtl00 kHg

-55 dBurr'100 kHE

-4? dB:ril100 ktlc

-5i.-i ilBpt.rl0tilr
--14,5 dBuill8klIg

-16 dBnr"l *Hz

-13 dButl ktlz
:f7 dBnilI ktlz
--?7 dBor/t *I+z

-33 dBElrt klilz

-16 dBE l kl{z
--{0.5 dBu,Il0tll:
-5i.5 dBu,tl0kHz

-47 GEr,'100 LI{z

-55 dBurtl00 LHz

-5? dButl00 kEiz

-41 dBrr,'l IrGIz

NOTES._

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

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

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

4. The relatiottship is linear befiveen single adjacent points designated by the adjacent
channe ls identified above.

9.2.5.5 Navigation inJornntion. The navigation data transmitted by GBAS shall include
the following information:
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9.3

9.3.1

9.4

9.4.1
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(a) pseudo-range corrections, reference time and integrity data;

(b) GBAS-related data;

(c) final approach segment data when supporting precision approach; and

(d) predicted ranging source availability data.

Aircrart GNSS receiver

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

Resistance to interJerenc e

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

Database

Aircraft GNSS equipment that uses a database shall provide a means to:

(a) update the electronic navigation database; and

(b) determine the Aeronautical Information Regulation and Control (AIRAC)
effective dates of the aeronautical database.

9.5 Global Positioning System (GPS)

Standard Positioning Service (SPS) (Ll)

9.5.I NON-AIRCRAFT ELEMENTS

9.5.1.1 RAD|O FREQUENCY (RF) CHARACTERTSTTCS

9.5.1.1.1 Carrier phase noise. The carrier phase noise spectral density of the
unmodulated carrier shall be such that a phase locked loop of l0 Hz one-sided
noise bandwidth is able to track the carrier to an accuracy of 0.1 radian (l
sigma).

9.5.1.1.2 Spurious emissions.In-band spurious emissions shall be at least 40 dB below
the unmodulated Ll carrier over the allocated channel bandwidth.

9.5.1.1.3 Correlation /oss. The loss in the recovered signal porver due to imperfections
in the signal modulation and waveform distortion shall not exceed I dB.

Note.- The loss in signal power is the dillerence between the broadcast power in a 2.046
MHz bandwidth and the signal power recovered by a noise-free, loss-free receiver with
l-chip correlator spacing and a 2.046 MHz bandwidth

9.5.1.1.4 Coarselacquisitiott (CIA) code generation and tinting.Each C/A code pattern
Gi(t) shall be formed by the Modulo-2 sum of two I 023-bit linear patterns, Gl
and G2i. The G2i sequence shall be formed by effectively delaying the G2
sequence by an integer number of chips to produce one of 36 unique Gi(t)
patterns defined in Table B-1. The Gl and G2 sequences shall be generated by
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l0-stage shift registers having the following polynomials as referred to in the

shift register input:

a) Gl: Xro + X! + l; and

b) G2: Xto+Xe+Xt+X6+X3+X2+ I

TheinitializationvectorfortheGI andG2sequencesshallbe"IIIIIIIII1".Thecode
phase assignments shall be as shown in Table B-1. The Gl and G2 registers shall be

clocked at a 1.023 MHz rate. Timing relationships related to the C/A code shall be as

shown in Figure B-1.*

9.5.1.2 Data stntcture. The navigation message shall be formatted as shown in Figure

B-2. Each page, as shown in Figure 8-6, shall utilize a basic format of a I 500-

bit-long frame with up to 5 subframes, each of 300 bits in length. All words

shall be transmitted most significant bit (MSB) first.

9.5,1.2.1 Sublrame slructure. Each subframe or Page of a subframe shall start with a

telemetry (TLM) word followed by a handover word (HOW). The HOW shall

befollowedby..S 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 .Z.ZEndlstart olweek. At the end/start of week:

a) the cyclic paging of subframes I through 5 shall restart with subframe I
regardless of which subframe was last transmitted prior to the end/start of
week; and

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

boundaries (i.e. Modulo 30 seconds relative to the end/start of week).

Note.- New data in sublrames 4 and 5 ,nay start to be transmitted with any of the 25
pages of these subframes.

9.5.1 .2.3 Dataparity.Words I through l0of subframes I through5shalleachcontain
6 parity bits as their least significant bits (LSBS). In addition' two non-

information bearing bits shall be provided as bits 23 and 24 of words 2 and

l0 for parity computation purPoses.

9.5.1.2.4 Telemetry (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 l6 reserved bits and 6 parity bits.

9.5.1 .2.5 Handover word (HOW). The HOW shall be 30 bits long and shall be the

second word in each subframe/page, immediately following the TLM word.
A HOW shall occur every 6 seconds in the data frame. The HOW format and
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9.5.12.5.1

Tablc B-l

contcnt shall be as shown in Figure B-4. The full time-of-weck (TOW) count
shall consist of the l9 LSBs of the 29-bitZ-count (95.1.2.6). The HOIV shall
begin with thc 17 MSBs of the TOW count. These 17 bits shall correspond o
the TOW count at the l.S-second epoch that occurs at thc start (leading edgc)
of the ncxt following subframe.

Bit 18. On satellites designed by configuration code 001, bit t8 shall be an
"alert" flag. When this flag is raised (bit 18 is a'l'), it shall indicate o the
user that the satcllite user range accuracy (URA) may bc worsc than indicated
in subframe I and that use of the satellite is at the user's risk.

Code phasc assignmcnts

S.rcUftc ID
fitdcr

cPs
PRNsiglal

G2 delay
(ctiF)

Firn lOc&S
cl!l|

I
2
3

4
5
6
7
8
9
10
ll
L2
t3
14
t5
l6
17
18
I9
20
2L
22
23
24
25
26
27
28
29
30
3t
32

*aa
lta
ata
ra*
tt*

t
)
3
4
5
6
7
8
9
r0
tl
t2
l3
t4
l5
l6
IT
l8
t9
?n
2t
22
23
24
25
26
)'l
28
29
30
3l
32
33

34.*
35
36

3'1..

5
6
7
8
L7
18

139
140
l4l
25t
252
254
255
256
257
258
469
470
471
472
477
474
5@
5L2
5rl
514
515
516
859
8@
861
862
863
950
947
948
950

1440
1620
1710
1744
r 133
1455
I 13l
1454
t626
r504
t6d,2
t750
t764
tTtz
ITI5
t776
I t56
t6t
t633
t7t5
1746
t763
r063
r706
1743
t76L
t770
t774
tl27
t453
r625
171?
t745
t713
tt34
1456
t7t3

* In thp octal aotation for the first l0 chips of the C/A code as shown in this column, thc
first digit rcpr€{tents 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 t0 chips of the C/A code for pseudo-random noise (PRN) signal
assembly I are:

I 100t00000).

*" 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 l9 shall be reserved.

9 .s.t .2.5 .3 Bits 20, 2l and 22. Bits 2Q, 2l and 22 of the HOW shall provide the

identification (lD) of the subframe in which that particular HOW is the

second word. The ID code shall be as defined below:

ID Code
I 001
2 010
3 0ll
4 100

5 l0l

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

9.5.t.2.6.1 Time-of-week (TOW) count. The binary number rePresented by the l9 LSBs
of the Z-count shall be referred to as the TOW count and is defined as being
equal to the number of l.S-second epochs that have occurred since the

transition from the previous week. The count shall be short-cycled such that
the range of the TOW count is from 0 to 403 199 l.S-second epochs
(equalling one rveek) and shall be reset to zero at the end of each week. The
TOW count's zero state shall be the 1.S-second epoch that is coincident
rvith the start of the present week. A truncated version of the TOW count,
consisting of its l7 MSBs, shall be contained in the HOW of the Ll
downlink data stream. The relationship between the actual TOW count and

its truncated HOW version shall be as indicated in Figure B-5.

Note.- The above-mentioned epoch occurs at (approxinately) midnight Saturday
nightlSunday morning, where midnight is defined as 0000 hours on the UTC scale which
is nominally relerenced to the Greenwich Meridian.

9.5.t.2.6.2 Week count. The l0 MSBs of the Z-count shall be a binary rePresentation of
the sequential number assigned to the present GPS week (Modulo 1024).

The range of this count shall be from 0 to I 023. Its zero state shall be that
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9.5.1.3

9.5.13.1

week which starts with the 1.5-second epoch occurring at (approximately)
the UTC zero time point (9.5.4). At the expiration of GpS week number I
023, the GPS week number shall roll over to zero. The previous I 024
weeks in conversions from GPS time to a calendar date shall be accounted
for by the user.

DATACONTENT

Subframe I - satellite clock and health d,ata. 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 transmitrcd and shall remain valid for
an additional period of time after transmission of the next data set has
started.

9.s.1.3.1.1 Week number. The l0 MSBs of word 3 shall conrain the l0 MSBs of the
29-bit Z-count and shall represent the number of the current GpS week at
the start of the data set transmission interval with all zeros indicating weck
"zero." The GPS week number shall increment at each end/start of week
epoch.

9.5.1.3.1.2 user range accuracy (uRA). Bits l3 through 15 of word 3 shall provide the
predicted satellite LJRA as shown in Table B-3.

Note L- The URA does not include error estimates due to inaccuracies of the single-
frequcncy ionospheric delay model.

Notc 2.- Thc URA is a statistical indicator of thc contriburton of the apparcnt clock and
ephemcris prediction accuracies to the ranging accuracies obtainable with a specific
satellite based on historical data.

Table B-2. Subframe I parameters

Parameter Number of bits*'* Scale Jactor (l,SB)
Week number l0 I
Satellite accuracy 4
Satellite healttr 6 I
Too 8r. 2-31

IODC IO

L1621
8r2 8* 2-55

at 16r' 2-3
ao 22* z-jl

Effective range*** IJnits
weeks

fi4784

discretes
seconds

seconds
secondVsecond2
seconds/second
seconds

* Pararneters so indicated are two's complement, with the sign bit (+ oi -) occupying the
MSB.

** See Figurc 8-6 for complete bit allocation.

*** unlcss otherwise indicated in this column, effective range is the maximum range.
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Table B-3 User range accurancy

URA

o
I
1
L-

3
4
5
6
7
8
I
10
11
12
13
t4
15

Acc.uracy

2:n
2"8:m
4:m

5.7 m,
Inr

I1.3 rr
16 rrr
32m
64rn
128 ln
256 nr
512 rn
I 024m
2 O48 ur
4 096 rn

Do not trse

9.5.1.3.1.3 Health. The transmitting satellite 6-bit health indication shall be provided
by bits 17 through 22 of word 3.The MSB shall indicate a summary of the

health of the navigation data, where:

a) 0 = all navigation data are valid; and

b) I = some of the navigation data are not valid

The 5 LSBs shall indicate the health of the signal components in accordance with
9.5.1.3.3.4. The health indication shall be provided relative to the capabilities of each

satellite as designated by the configuration code in 9.5,1.3.3.5. Any satellite that does not
have a certain capability shall be indicated as "healthy" if the lack of this capability is
inherent in its design or it has been configured into a mode rvhich 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 subfrante I may differ fiom that shown in subfi'ames 4 or 5 of
other satellites since the latter may be updated at a d.ifferent time.

9.5.I .3.1 .4 Issue of data, clock (IODC). Bits 23 and24 of word 3 in subframe I shall
be the 2 MSBs of the l0-bit IODC term. Bits I through 8 of word 8 in
subframe I shall contain the 8 LSBs of the IODC. The IODC shall indicate
the issue number of data set. The transmitted IODC shall be different from
any value ransmitted by the satellite during the preceding 7 days.
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Note.- The relationship between the IODC and the lssue of Data, Ephemeris (IODE)
terms is defined in 9.5.1 .3 .2.2.

9.5.1.3.1.5 Estinruted group delay differential. Bits l7 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 ittclude any ClA to P(Y) code relative group delay error.

9.5.1 .3. 1 .6 Satellite clock correction parameters. Bits 9 through 24 of word 8, bits I
through 24 of word 9, and bits I through 22 of word l0 shall contain the
parameters needed by the users for apparent sarellite clock corection (t*,
ao, a. and a.).

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

9.5.l.3.ZSubfrantes 2 and 3 - satellite ephemeris dara. Subframes 2 and 3 shall contain
the ephemeris representation of the transmitting satellite.

9.5.t.3.2.1 Ephemeris parameters. The ephemeris parameters shall be as indicated in
Table B-5. For each parameter in subframe 2 and,3, the number of bits, the
scale factor of the LSB, the range, and the units shall be as specified in
Table 8-6.

9.5.t.3.2.2 lssue of data, ephenrcris (IODE). The IODE shall be an 8-bit number equal
to the 8 LSBs of the l0-bit IODC of the same data set. The IODE shall be
provided in both subframes 2 and,3 for the purpose of comparison with the
8 LSBs of the IODC term in subframe l. Whenever these three terms do not
match, as a result of a data set cutover, new data shall be collected. The
transmitted IODE shall be different from any value transmitted by the
satellite during the preceding six hours (Note 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 nerv upload. Additionally, the
toe value, for at least the first data set transmitted by a satellite after an
upload, shall be different from that transmitted prior to the change (Note 2).

Table B-4. Subframe 1 reserved data fields

Word Bit

3

4
5

6

ll-12
| -24
l -24
| -24
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Table B-5. Ephemeris data

il,fo

Ao

e

.6
oMEG.Ao

t0

o

OMEGADOT

iDOT
(t
c*
c,,

c;
Ci.

(1"

to.

Mean anorunly at referuce tir:re

Mean urotion diffueoce froil cortrputedr'ahre

Eccenricity

Square root ofdre senri-urajor axis

Longitu& of ascetrdu4 trode of orbit plaoe at weclcly epoch

Inclination angle at refereuce tiue

Arguucnt ofpeiigee

Rnte ofnglrtascension

Rate of iucliuatrou angle

Auplinrde of the cosine haolonic corectior teflu to the argurueot of latinrde

Ar:rplitude ofthe sine hannomc conectiou term to the argunrent oflntiturh

Anplinrde of the cosine harnonic conettior term to the orbit radlrs

Alrylinrde of the sine harmonic conection tenu to the orbit radius

Anrplitude ofthe cosine harnrouic conectiou tenn to thc aagle ofilclinntiou

Aup_htr& stthe.qqq_futrymc qgry9qli9o tqr-tu !9 Sl-qrglg of ircliuatiol

Refeterce tine, epheuruis

Issue of

Table 8-6. Ephemeris
parameters

}rbobtr
ofbi6*'

Skrh facmr
(LsB)

Effcctivr
iloge'r' UdEPrrautcr

604 784

olctres

scrd<ircledsccoad
semi-circles

radians
dirrmsionless
rafians
lretestl
secoods

radians

scnri-circles

radiaos

semi-circles

trlctres

semi<irctes
seuri<'ircles/sccond

semi-circle.s/sccoodiDOT

Parameters so indicated are two's complement, with the sign bit (+ or -) occupying
the MSB.

IODE

0-03

2-5

2-rJ

2-3r

2-re

2-3!

r:e
2-re

21

2-2e

2-rl
2-21

2-tl
z-5

2'tl
T-t3

2r.,.

8

16'
16.
)2t
l6+
'12

16t
32

l6
l6*
)?.
16.
32*
l6'
32.
?4.
l4t

OMEGAo

c*
An

l"{o

c*
e

c;
6
t{
G,

Ci'
l0

c*
o
OMEGADOT
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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 I .- The IODE|IODC terms provide the receiver with a nrcans for detecting any
changes in the ephemeris/clock representation parameters.

Note 2 .- The first data set may change (9.5 .l .2.2) at any time during the hour and
therefore may be tattsmitted by the satellitefor less than I hour.

9.5.1.3.2.3 Reserved datafields. Within word 10, subframe 2, bits l7 through 22 shall be

reserved. Reserved data fields shall support the valid parity within their
resPective words

9.5.r.3.3 Subframes 4 and 5 - support data. Both subframes 4 and 5 shall be
subcommutated 25 times each. With the possible exception of "reserved"
pages and explicit repeats, each page shall contain different data in words 3

through 10. The pages of subframe 4 shall use 6 different formats, and the
pages of subframe 5 shall use two different formats as indicated in Figure B-
6.

Pages of subframe 4 shall be as follows

a) Pages 2, 3, 4,5,7,8,9 and l0: almanac data for satellites 25 through 32
respectively. If the 6-bit health status word of page 25 is set to 6 "ones"
(9.5.1.3.3.4) then the satellite ID of the page shall not have a value in the range
of 25 through 32;

Note.- These pages may be designedfor otherfunctiotts.Thefornat and contentfor
each page is defined by the satellite ID of that page.

b) Page t7: special messages;

c) Page 18: ionospheric and UTC data;

d) Page25l. satellite configurations for 32 satellites; and

e) Pages I , 6, ll, 12, 13 , 14, 15, 16, 19,20,21,22,23 and 24: resered

Pages of subframe 5 shall be as follows

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

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

9.5 .1 .3.3. l 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 follorving:



2t76 Kenya 5 16 ti4' ary Lc gis lat io n, 20 I I

a) for those pages which are assigned to contain the almanac data of one

specific satellite, the data ID shall define the data structure utilized by
that satellite whose almanac data are contained in that page;

b) for all other pages, the data ID shall denote the data structure of the

transmitting satellite; and

c) data ID " l " (denoted by binary state 00) shall not be uscd.

9 .5.1 .3.3.2 Satellile /D. The satellite ID shall be provided by bits 3 through 8 of word 3

in each page. The satellite IDs shall be utilized two ways:

a) for those pages which contain the almanac data of a given satellite, the

satellite ID shall be the same number that is assigned the PRN code

phase of that satellite in accordance with Table B- l; and

b) for all other pages the satellite ID assigned in accordance with Table B-
7 shall serve as the "page ID". tDs I through 32 shall be assigned to

those pages which contain the almanac data of specific satellites (pages

I through 24 of subframe 5 and pages 2 through 5, and 7 through l0 of
subfiame 4). The '10:r ID (binary all zeros) shall be assigned to indicate
a dummy satellite, while IDs 5l through 63 shall be utilized for pages

containing other than almanac data for a specific satellite (Notes I and

2).

Note I .- Specific IDs are reserved Jor each page of subtrames 4 and 5 ; however, the
satellite ID oJpages 2,3,4,5,7,8,9 and l0 oJsubJrame 4 nny changefor each page to
reJlect 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

Sr$t'mr1 SffimJ
lrgc DdrID Slrclfit IDr DTEID Ssrllita ID'

I
2.*u
3.**r
4r...
5...lt

6

7:!.t
8r.*,
9rrrr
10r..,

TI
l2
13

l4
l5
l6
t7
l8
l9
20
2t
22
1?

24
25

57
25

26
27
28
57

29
30
3l
32

57
62
52
53

54
57
55

56
58.r*..
59*.**r

57

60.rrrt
61...*r

62
63

1

2
3

4
5

6
7

8

9
l0
l1
t2
l3
l4
15

l6
t7
l8
19

20
2t
22
23

24
51

'la
*t
tt
*a
aa

tt
aa

*a
tl
aa

It
ta
It
aa

*a
al
tt
aa

tt
It
ta
aa

{t
aa

ag

a*a
tt
*i
at
t*
a**
tt
t*
t*
ta

ata
aaa
aia
ala
ara
ta3
a*a
att
a*a
t*l
,aa
aaa
a*a
aaa

aa*

+rl

**'t

'irl*

* '!" indicates "dummy" sstellitc. When using "0" to indicate a dummy satcllite,
the data ID of the transmitting satellite is used.

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

Data ID of transmitting satcllite.

Pages 2, 3, 4, 5,7, 8, 9 and l0 of subframe 4 may contain almanac data for
satellites 25 through 32, respectively, or data for other funcrions as identified by a
different satcllitc ID from the value shown.

****r' Satellite ID may vary

9.5.1.3.3.3 Almanac. Pages I through 24 of subframe 5, as well as pages 2 through 5
and 7 through l0 of subframe 4 shall contain the almanac data and a
satellite health status word (9.5.1.3.3.4) for up to 32 satellites. The almanac
data shall bc a reduced-prccision subset of the clock and cphcmeris
paramctcrs. The data shall occupy all bits of words 3 through l0 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 numbcr of bits, the scale factor (LSB), the range and the units of thc
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almanac parameters shall be as indicated in Table B-8. The almanac

message for any dummy satellite shall contain alternating "ones" and
"zeros" rvith a valid parity.

9.5.1.3.3.3.1 Alnnnac reference tine. The almanac reference time, toa, shall be a
nrultiple 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.

9.5.1.3.3.3.2 Almanac time parameters. The almanac time parameters shall consist of an

I l-bit constant term (afO) and an 1 1-bit first order term (afl).

9.5.1.3.3.3.3 Alnrunac reference week. Bits 17 through 24 of word 3 in page 25 of
subframe 5 shall indicate the number of the week (WNa) to which the

almanac reference time (toa) is referenced. The WNa term shall consist of
the 8 LSBs of the full week number. Bits 9 through 16 of word 3 in page 25

of subframe 5 shall contain the value of toa that is referenced to this WNa.

9.5.1.3.3.4 Heahh 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 rvord regarding the satellite whose almanac data they carry; and

the 25th pages of subframes 4 and 5 jointly shall contain 6-bit health
data for up to 32 satellites.

9.5.1.3.3.4.1 The 8-bit health status words shall occupy bits l7 through24 of word 5 in
those 32 pages that contain the almanac data for individual satellites. The 6-
bit health status rvords 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 l8 MSBs of word 10 in page 25 of subframe 4.
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Table B-8. Almanac parameters

hf,r{rr
ttubtr
ofbihtl

Scrh Acbr
(rsB)

Eftdin
m8!rt' Lroih

c

h
0,

6A2tn

Parameters so indicated arc two's complement, with the sign bit (+ or -)
occupying the MSB.

Scc Figurc 8-6 for complete bit allocation in subframe.

Unless otherwise indicatcd in this column, effective rangc is the maximum rangc
attainable with thc indicated bit allocation and scale factor.

Rclativc to i0 = 0.30 semi-circles.

l6
8

l6*
16.
24*

24*
24*

24r
ll*
llr

2'2r

2r2

2-re

T*
Ttr

f
713

TB
T10

Tt8

dimensionless

secoods

scori{ircles

scoi{irchdsccmd
mtcsla
rmi-circles
scmi-circles

scmi<ircles

sccon&

rcmdJsecotrd

OIdEGADOT

O[,{EGAO

\tr

o
I,Io

aO

afl

't

*rl

*,t:t

tr't|t+

9.5.1.3.3.4.2 The 3 MSBs of thc 8-bit hcalth status words shall indicatc hcalth of thc
navigation data in accordancc with the code given in Tabtc B-9. The 6-bit
words shall providc a l-bit summary of the navigation data's hcalth satus
in the MSB position in accordance with 95.1.3.1.3. Thc 5 uBs of both thc
8-bit and the 6-bit health status words shall providc thc hcalth status of thc
satcllite's signal components in accordance with thc code givcn in Table B-
10.
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Table B-9. Navigation data health indication

Bit pclrtix io pue

l;7 l!8 139 Iodkrtio

0

I

0

0

0

0

ATTDATAOK

PARITY FAILURE - orn or all parity bad

TLIvI/HOW F0RMAT PROBLEIvI - ary dcparnue ftoor strdrrd fomrat

G.g. prcanble esphced mdor incomol cxccpt frr iocurct Z<uro1 as rcportod

bHow

Z{OLM h HOW BAD - any problen witft Z<ount rahr. mt re0cctirg

acnral codc pharc

SUBFRAIIIES l, 2, I - om c orse eleaxats in tords 3 through l0 oforc or

mort stbfrmus are bad

StlBl?AMES {, 5 - one or omrc elornls in rvords 3 thmu$ l0 of ooe or

rore sub&ames are bad

ALL UPLOADED DATA BAD - one or npre clcurots in nords 3 through l0

o,lasy_s4e Gr_qs.re) nrbfranrcs arc hd

AtL DATA BAD - TLM word andor HO\$ and onc or more eleorols in any

mc (uolorc) slbfrroes are bad

100

0

0

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

I\68 I5B I!&dir

0

I

0

I
0

I

0

0

0

I

I

O AI.ISIGTd{ISOK

0 SATIILIIE IS IEMPORARILY OUI - do tro( usc this salrllitc
dring curcnt poss _

I SAIEIffi U,ILLBEIE{PORARILYOUI-xcnithouioa

O SPARE

1 MORE rtlAN ONE COiltsrNAlrONIVOuID BE REQUTRD TO

DESCT,DE A}.IO}[AIIES, E(CE T THOSE IVANKED BY 

-SAIELUIE EEERIENCING CODE MODI]LANON A}ID/OR
SIGtiAt POWER LEVEL IXANSiliISSION PROBL^EI,IS. Thc uscr

ory erptrieace inlauittot hcfirgproblors if utellite is rquind

111

All otls coobinrtions

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
in 9.5.1 .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 cerrain capability shall be
indicated as "healthy" if the lack of this capability is inherent in its design
or it has been configured into a mode which is normal from a receiver
standpoint and does not require that capability. The predicted health data
shall be updated at the time of upload.

Note I .- The transmitted health data nruy not correspond to tlrc actual health of the
transmitting satellite or other satellites in the constellatiott.

Note 2.- The data given in subfranes I , 4 and 5 of the other satellites may differ Jrom
that shown in subfi'ames 4 or 5 since the latter may be updated at a different time.

9.5.1.3.3.5 Satellite configuration stunmory.Page 25 of subframe 4 shall contain a 4-bit-
long term for each of up to 32 satellites to indicate the configuration code of
each satellite. These 4-bit terms shall occupy bits 9 through 24 of words 3,
the 24 MSBs of words 4 through 7, and the 16 MSBs of word 8, all in page
25 of subframe 4. The MSB of each 4-bit term shall indicate whether anti-
spoofing is activated (MSB = l) or not activated (MSB = 0). The 3 LSBs
shall indicate the configuration of each satellite using the following code:

Code Satellite confiquration
O0l Block IIIIIA./IIR satellite
010 Block IIR-M sarellite
1l Block IIF satellite

9.5.1.3.3.6 UTC paranteters. Page l8 of subframe 4 shall include:
a) the parameters needed to relate GPS time to UTC time; and

b) notice to the user regarding the scheduled fuure or past (relative to navigation
message upload) value of the delta time due to leap seconds (tLSF), together
with the week number (WNLSF) and the day number (DN) at the end of which
the leap second becomes effective. "Day one" shall be the first day relative to
the end/start of week and the WNLSF value consists of the 8 LSBs of the full
week number. The absolute value of the difference between the untruncated WN
and WNLSF values shall not exceed 127.

Note.- The user is expected to account for the truncated rnmre of this parameter as well
as truncation of WN, WNt and WNLSF dtre to rollover of the full week number
(9.s.1.2.6.2).

9.5.1.3.3.6.1 The 24 MSBs of words 6 through 9, and the 8 MSBs of word l0 in
page 18 of subframe 4 shall contain the parameters related to
correlating UTC time with GPS time. The bit length, scale factors,
ranges, and units of these parameters shall bc as specified in Table B-
lt.

9.5.1.3.3.7 lonospheric paranrcterc. The ionospheric parameters that allow the GpS
SPS user to utilize the ionospheric model for computation of the
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ionospheric delay shall be contained in page l8 of subframe 4 as specified
in Table B-12.

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

Table B-l l. UTC parameters

lhd€r
Pa"aarter of bilst'

Scah faclor
(rsB)

EEcctivc
ftngett! Uoib

@2n2

secon&

seconds/secmd

sccood6

secoods

rveels

weeks

&yt
secmds

7

* Parameters so indicated are two's complement, with the sign bit (+ or -) occupying
the MSB.

{!* See Figure 8-6 for complete bit allocation in subframe.
*** Unless otherwise indicated in this column, effective range is the maximum range

attainable with the indicated bit allocation and scale factor.
**** Right justified.

Table B- 12. Ionospheric parameters

2-30

2-t0

I
2r:

I
I
I
I

l2*
24x

8t
8

8

8

8*r**
8r

.4"

Ar
Arrs

t"t

WN,

WNLsF

DN
Atrsr

Parauttr
I{no$c,
ofbils'r Uoits

secoods

seconddsemi-circle

secood.dserui-circli

seconddsoui-circle3

secorlds

secondc/seEi-circle

second.dscmi-cide:

secondsi semi-circ[e3

Parameters so indicated are trvo's complement, with the sign bit (+ or -) occupying
the MSB.

See Figure 8-6 for complete bit allocation in subframe.

Unless otherwise indicated in this colurnn, effective range is the maximum range

attainable with the indicated bit allocation and scale factor.

Scalc foclr
(IJB)

Efcctirt
fintcltr

2-r0

2'!1

2.i1

2-:{

2ll
2ll
216

2t6

8*

8*

8*

8*

8*

8*

8*

8r

O0

O1

Or

qj

tu

Fr

Fr

0,

*

**

***
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9.5,1.3.3.9 Rescrved dataficAs. All bits of words 3 through 10, except thc 58 bits uscd
for data ID, satellite (pagc) ID, parity (six LSBs of each word) and parity
computation (bits 23 and24 of word l0) of pages l,6, ll, 12, 13, 14, 15,
16, 19, 20, 21, 22,23 and 24 of subframe 4, and those almanac pages
assigned satellite ID ofzero shall be designated as reserved.

other reserved bits in subframes 4 and 5 shall be as shown in Table B-13. Rescrvcd bit
positions of each word shall concain a pattcrn of alternating oncs and zeros with a valid
word parity.

9.5.2 DEFINITIONS OFPROTOCOLS FOR DATA APPLTCATION

Note.- This sectiort defines the inter-rclationships of the data broadcast mcssoge
parcm.lcrs. It providcs dcfinitions of paranetcrs that arc not ,ransmittcd,, but arc uscd
by elther or both non-aircraJt and aircraft elements, and that define terms applicd to
dcterminc the navigation solution and its integrity.

Table B-13 Reservcd bits in subframes 4 and 5

SS&or hgn nq* nlrlldbfpodlioirrd

4

4

4

4

5

t7

18

25

?5

25

l0
l0
I
l0
l0

fi-n
9-U

t7- 18

$-n
4-n



Dr

D:

i
Dr{

D:r

Drc

Dy
D:r
DD

Dlo

=dr
=dr
=d; Dio

e
e

i0

*, rri,
D':e O dr e d: O 4 e dr O d{ e d1p @ d1l @ drr @ dr: @ drr O du Q drr 6 d:o O d::

D'30 e dr O d3 O dt O 4 @ di @ drr @ dr: @ drr e drr @ drs 0 drr O drr @ du @ dIl

D':rr O dr 0 dr e dr @ dr @ dr @ ds @ drr @ du @ dr @ du O dro @ dre @ dm @ d::

D'ro e dr e dr e d5 e 4 e dr O 4 O drr @ du @ du O dro O drr @ d:o @ d:r O d:r

D'ro @ dr o dr e dr e d6 e d? e 4 e dro e dr e dri o dr6 e du e 4r e dlr o dx o d:l

D':e O d] e dr o d5 e dr e d, o dro o dil o du e du e d'e @ d?re dB e dr.l

n'fiere:

Dr, D:, Dr. ... D:e..D* are lhe bits transnrined by th! satellite;

Dy, ... Dp iue the corryucd parity bits:

d1. d1 ... d1. are 6e sourcc data bils;

E is the Modulo-2 or 
*Exclusil'e-Or" 

operatioq ard
' h uscd to idroti& 6e last nro bits of the peviors sord of the subfraoc.
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Table B-14 Parity encoding algorithms

9.5.2.1

9.5.2.2

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

tsv = satellite time at transmission of the message:

(Atsv)Ll = the satellite PRN code phase offset;

(Atsv)Ll = afo + afl(t - toc) + af2(t - toc)2 + Atr-TGD
Where

af0, afl and af2 and toc, are contained in subframe l; and

Atr = the relativistic corection term (seconds)

atr = Fe /A sin Ek

Where

e and A are contained in subframes 2 and 3;

Ek is defined in Table B-15; and

Parity algorithnr. GPS parity algorithms arc defined as indicated in Table B-14.

Satellite clock cotection parameters. GPS system time r is defined as:

t=tsv-(Atsv)Ll
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=- =
cx

Where

p = WGS-84 univcrsal gravitational parameter (3.986005 x l014 m3/s2)

c = the speed of light in a vacuum (2.99792458 x 108 m/s)

Note .- The value ol t is intcnded to account for thc beginning or end-oJ-wcek croEsovcrs.
Thot is, iJ the quantity t-roc is gr.atcr than 302 400 scconds, subtrct &4 800 scconds

lrom t. Il the quantity t-toc is less tlan -302 1O0 seconds, add &4 800 scconds to t .

9.5.2.3 Satcllitc position. The current satellite position ()(k, Yk, Zk) is defined as shown
in Table B-15.

9.5.2.4 lonospheric correction The ionospheric corrcction Cfiono) is defincd as:

-t (p)%

4.442m7633(tr0Iro EimY'

.r. :[ rr[s,oxro-" +er-re(r-{+fl],H <1,s71
'rom 

[rx (s,oxro-,) + l*l>t,st)

F

wtcrc

(seconds)

AMP=

PER:

Xl*""+i AMP > o

stAMP(o, AILIP : O

(seconds)

2n(t-5o{00)x:-
PET.

(radiaas)

Ilo p"o*, PER>72 000

sI PER <72 OOO,PER: 72 OOO
(secon&)

F= 1.0+ 16.q0.53 -Et'

% aod h are t[e sarcllite traosmittcd data words with o = 0, l, 2 ^d3
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0^ = 0i+ 0.064 cos ()i- 1.617) (senidrcle$

).i
. . r&renA ,

= &*.-- (seu-cfcles)
c059i

0i = fi +VcosA (serur-circles)

0i=Sisi l,l,l<0.+ro

0i= 0i= * 0.416 si0i > 0.416, (semi<ircles)

-0.416 si Q1 
( -0,416

{, = ffi -0.022(semi<ircleg

[ = 4.]2 x 104 h + GPS time (seconds) where 0 g t.: 86 400,

therefore: ift I 86 400 seconds, subkact 86 400 seconds: and

ift.:0 seconds, add 86 400 setonds

E - satellite ele.iation angle

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

a) Satellite transmitted terms

Gn = the coeff,rcients of a cubic equation representing the amplirude of the vertical
delay

(4 coefficients = 8 bits each)

Pn = the coefficients of a cubic equation representing the period of the model (4

coefficients = 8 bits each)

b) Receiver generated terms

E = elevation anglc between the user and satellite (semi-circles)

A = azimuth angle between the user and satellite, measured clockwise positive from
the true North (semi-circles)

0u = user geodetic Iatitude (semi-circles) WGS-84
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l.= uscr geodetic longitude (semi-circles) WGS-84

GPS time = receiver computed system time

c) Computed rcrms

; = phase (radians)

F = obliquig factor (dimensionless)

t = local time (seconds)

Q, = geomagnctic latitude of the earth projection of the ionospheric intersection point

(mcan ionospheric height ossumed 350 km) (semi-circlcs)

\ = geomalnetic longitude of thc earth projection of thc ionosphcric intcrsection point

(semi- circles)

0i = geomag-netic latitude of the carth projcction of the ionospheric intcrrcction point

(scmi-circlcs)

1, = earth's central angle betwcen uscr position and earth projection of ionospheric

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

A= (fi)'
flq=Jd

tt=t-tq

n=r\tAn

tr/L=1,{o+atr

tlt=Et-esinEr

11 = tan-r

El=cos'

fi=li*o

[t*n] =,"n-t(cos v1)

(c+cosr1)

tl =rcosvrj

6u =C. * r* * Co cos 2fi

fit1=q5h2fi+qsh2{

6! = Q. cos 2fi + C,, sil 2r[

t} =fi +6ul

q=A(1 -ecosQ) +oq

ir=io+6i+(iDrOT)tr

x'L= ncos ut)
yt= qsenqJ

q=rh+(o'o.)\-qra

x1= x'k cos Otr - li 
';cos iy. sen 01 )

yr= t'r sen (h - y'1 cos ilcos O1[

7.= y'1sen lr )

Sani-nrnjor aris

Con$rted ocan notion

Tinre fionr epheorris refueoce epoch'

Corrctd nral ootior

Meaa anooaty

Kepler's eqution for ercentic anoo,rly (uray bc olved by itratiou)

y'-t -.",o f171t - . .*
Tnr anonraly

(cosE -c)/(t -ccos!)

Ecceutric anomaly

Aryruooflatitu&

Seconrl Hatmonic Perhrrb:rtions

Argumcnt of latin& conccliou

Radius ctrrcctioo

lnctioatioa conction

Conec{ed uguornt of latiur&

Conected rodirs

Conectcd ioclimtion

Positiocs io orUital plane

Curcctod loogitu& of nsccuding nodc

Earilr<cotred eanlr-fxd coordimtcs

t is GPS rFteo rre rt tior of koruirdo, it. G?6 tiu co:tclcd fu t'auit tic (rogdtpcd of lighl Fudhdwi tr i lhn rcoal tild
tic ttftrmc hnrta lbc tic I md fu eoc! tir t * rod ord rcdd for hgiooiog rcodof-ntct crtirol'ar. Ilrl b. if I b gtru 6m
302lOscroo&, nlhnrt 601800srco&too1.lf hiihsit}a-m {Drcoorh.dd60{8Oec6&tol.
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9.5.3 AIRCRAF'TELEMENTS

9.5.3.r GNSS(cPS) RECETVER

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

Note.- Conditiotts ittdicating that a satellite is "healthy", "marginal" or "unhealthy"
can be found in the United States Departtnent of DefenJe, Global Positioning System -
Standard Positioning Service - Performance Standard, 4th Edition, Septenrber 2008,
Section 2.3 .2.

9.5.3.1 .2 Satellile 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 signat carrier phase and C/A code measurements.
The receiver shall compensate for the Doppler shift that is unique to the
anticipated application.

9.5.3.1.4 Resistance to interference. The receiver shall meet the requirements for
resistance to interference as specified in these Regulations.

9.5.3.1.5 Application of clock and ephemeris data.The receiver shall ensure that it is
using the correct ephemeris and clock data before providing any position
solution. The receiver shall monitor the IODC and IODE values, and to update
ephemeris and clock databased upon a detected change in one or both of these
values. The SPS receiver shall use clock and ephemeris data with
corresponding IODC and IODE values for a given satellite.

9.5.4 TIME

GPS time shall be referenced to a UTC (as maintained by the U.S. Naval Observatory)
zero time-point defined as midnight on the night of 5 January 1980/morning of 6 January
1980. The largest unit used in stating GPS time shall be I week, defined as 604 800
seconds. The GPS time scale shall be maintained to be within I microsecond of UTC
(Modulo I second) after correction for the integer number of leap seconds difference. The
navigation data shall contain the requisite data for relating GPS time to UTC.

9.6 Global navigation satellite system (GLONASS) channel of standard accuracy (CSA)
(Lt)

Note.- In this sectiou the tern, GLONASS reJers to all satellites in the constellatiott.
Standards relating only to GLONASS-M satellites are qualified accordingly.
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9.6.I NON-AIRCRAFTELEMENTS

9.6.I.I RFCHARACTERISTICS

9.6.1.1.1 Carrier frequencies. The nominal values of Ll carrier frequencies shall be as

defined by the following expressions:

fr.r = for -F kAfr

where

k = -7, .. . , 0, I , . . . , 6 arc carrier numbers (frequency channels) of the signals transmitted

by GLONASS satellites in the Ll sub-band;

for = I 602 MHz; and
Af, = 9.5625 Y11r.

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-t2x l0-l.l
relative to its nominal value f1.

Note l.- The nominal values of carrier frequencies for carrier numbers k are given in
Table 8-16.

Note 2.- For GLONASS-M satellites, the L2 channel of standard accuracy (CSA)
navigationsignalswilloccupythe 1242.9375- 1251.6875 MHz4.5ll MHzbandwidth
as defined by the following expressions:

lp=.foz+ k$r,

fu = I 246 MHz; Alz = 0.4375 MHz.

For any given value oJ k the ratio of carrier fi'equencies oJ Ll and L2 sub-bands will be

equal to:

Is= Z
.fr, 9
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Table 8-16. Ll carrier frequencies

Caricrruorbcr
IIto

(scc 3.1.1-3.,1)

Nomirrlrnlucof
Ccqucocyinll c6-b{d

(lvtrIz)

06

05

4

3

2

I
0

-l
I
1
4
-5
4
I

6

5

4

3

2

t

0

31

30

29

28

27

26

25

I 605.3750

r 604.8125

I 604.2500

I 603.6875

I 603.1250

t 602.5625

I 602.0000

I 601.4375

I 600.8750

I 600.3125

1599.75M

I 599.1875

I 598.6250

I 598.0625

9.6.t.t.2

9.6.1.1.3

Carrier phase noisc. Thc phase noise sp€ctral density ofthe unmodulated carrier shall be
tuch that a phase locked loop of l0 Hz one-sided noise bandwidth providcs thc
rccuracy ofcarrier phase tracking not worse than 0.1 radian (l sigma).

GL0NASS pseudo-random code generatioa. The pseudo-random ranging code shall bc a
sll-bit sequencc that is sampled at the output of the seventh stage of a 9-stago shift
rcgister. The initialisation vector to generate this sequence sha[ bc "lllllllll". The
generating polynomial that corresponds to the 9-stage shift register shall be:

G(x)=1+x'+xe'

9.6.1.1.4 Spurious cmissiotts. The power of the transmittcd RF signal beyond the GLONASS
lllocatcd bandwidth shall not be more than -40 dB relative to the power of the
unmodulated carrier.
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Note l.- GIANASS satellites launched during 1998 to 2005 and beyond use filters
limiting out-of-band emissions to the hannJtil interlerencc limit contained in
Rccommendation ITU-R RA.769 lor the I 660 - I 670 MHz band.

Notc 2.- GLONASS satellites launched beyond 2005 use filters limiting out'oJ-band

emissiotts to the larntful
intcrJerence limit contained in Recommendation ITII'R RA.769 for thc I 610.6 - I 613.8

MHz and I 660 - I 670 MHzbands.

9.6.1.1.5 Correlation /oss. The loss in the recovered signal power due to impcrfections in the

signal modulation and waveform distortion shall not excccd 0'8 dB.

Note.- The loss in signal powcr is the difference between the brodcast power in a 1'022

MHz bandwidth and thc signal ponter recovcrcd by a noisc-trec,loss-frec receivcr with
l -chip corrclator spacing and a L022 MHz bandwidth.

9.6,1.2 DATASTRUCTURE

9.6.t.2.1

9.6.r.2.2

9.6.12.3

Gcncral. The navigation message shall be transmittcd as a pattcrn of digital data which
are coded b.y Hamming-code and transformed intorelativ-e-code-.Structurally,-the-data-
pattern rhatl bc gcnersted as continuously repeating superframcs. Thc superframc shall

consist of the frames and the frames shall consist of the strings. The boundaries of
strings, framcs and supcrframes of navigation mcssages from different GLONASS
satcllites shall be synchronized within 2 milliseconds.

Supcrlranc Etructure. The superframe shall have a 2s-minute duration and shall consist

of 5 framos. Within each superframe a total content of non-immediatc information
(almanac for 24 GLONASS sarcllitcs) shall be trrnsmittcd'

Notc.- Supcrlramc structurc with indication of trane numbcrs in thc superlramc and
string numbers in the lrames is showrt in Figure B-7.

Frame structura. 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

timc parametcrs) for given satcllite and a part of non-immcdiatc information (almanac)

shall bc transmitted. The frames I through 4 shall contain thc part of almanac for 20

satcllites (5 satclitcs per frame) and frame 5 shall conuin the remaindcr of almanac for
4 satellites. The almanac for one satellite shall occupy two strings.

Note.- Frane structurcs are shown in Figures B-8 and B-9.

9.6.l.2.4String structurc. Each string shall have a 2-sccond duration and shall contain

binary chips of data and time mark. During the last 0.3 second within this 2-

sccond intcrvd (at thc cnd of cach string) thc time mark shall bc

transmitted. The timc mark (shortcncd pseudo'random seguencc) shall

consist of 30 chips with a time duration for cach chip of l0 milliscconds
and having the following sequence:

l I I I 10001 l0l t 10101000010010110.
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During the first 1.7 seconds within this 2-second interval (in the beginning of each string)
85 bits of data (each data bit of a20 milliseconds duration) shall be transmitted in bi-
binary format. The numbers of bits in the string shall be increased from right to left.
Along with information bits (bit positions 9 through 84) the check bits of Hamming code
(KX) (bit positions I through 8) shall be transmitted. The Hamming code shall have a
code length of 4. The data of one string shall be separated from the data of adjacent
strings by time mark (MB). The words of the data shall be registered by MSB ahead. In
each string bit position,85 strall be an idle chip ("0") and be transmitted first.

9.6.t.2.4.t Strings I through 4. The information contained in strings I 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 /5. 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 structtrre is given in Figure B-10.

9.6.I.3 DATACONTENT

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

follorvs:

Q=

= the string number rvithin the frame;

the time referenced to the beginning of the frame within the current day. It is
calculated according to the satellite time scale. The integer number of hours
elapsed since the beginning of the current day is registered in the 5 MSBs. The
integer 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;

tu = the time interval within the current day according to UTC(SU) + 03 hours 00
min. The immediate data transmitted within the frame are referred to the middle
of to. Duration of the time interval and therefore the maximum value of to

depends on the value ofthe flag Pl;
y"(tu) = the relative deviation of predicted carrier frequency value of n-satellite from the
nominal value at the instant to, i.e.
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yo(tr)=
fo(q)-fy,

ho'
rvkn

f(b)

frb

I,(th)

= the foreost frquincy ofn-satellite clocks at an msmt b:

= th noornal valrr of frequency of n-mtellite duk:

= th cmrectim to the o-satellit tilr t, rdatiye to GL0NASS tiurc q nt an rnstant t5.

i.e.rr(61=qltb;-t(t1

= the coodiules of n-satellih il PZ-90 mrfrrntt sptm al aa imtant tt:

= dre [elocity r'ector compoaents ofn-mtellite in PZ-90 coorduate systuu at an rnstant t5:

= th acceleratioo cooplrlts of n-satdlitc m PZ-90 coadimte sltlflu al an u*ant 6,

ntid ur carred by effed of sm and mq

x.(0, y,(tb), u,(b)

i,(h), v,(tt), h(tb)

iJh) ii"(tb), i,(t')

En = an indication of the "age" of the immediatc information, i.e. a time interval
elapsed since the instant of its calculation (uploading) until the instant tb for n-satellite;

Bo= the health flag. Values greater than 3 indicate the fact of malfunction of given
satellite;

Pl=
tb

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

parameters in minutes as shown:

Pl Time interval between adjacent values of t!-!Ilninu!e!
0
I
l0
l1

0
30
45
60

P2 = a flag indicating whether the value of tr is odd or even. A value of "1"
indicates a 30-minute interval of service information transmit (,u = 1 , 3, 5 . . .), a value of
"0" indicates a 60-minute interval of service information transmit (tr = 2, 6, 10 . .. );

P3 = a flog 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
Arn = thg time difference between the navigation RF signal transmitted in L2 sub-band

and navigation RF signal transmitted in Ll sub-band by given satellite:

Arn=tn-1r,
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wherc t1,, h are the equipment delays in Ll and L2 sub-bands rcspectively, cxprcsscd in
units of time.

9.6.1.3.2 Ephemeris and time paramelers. The ephemeris and time parameters shall be
as indicated in Table B-17. For the words for which numeric values may bc
positive or negative, the MSB shall be the sign bit. The chip "0" shall
correspond to the "+" sign and the chip "1" shatl correspond to thc "-" sign.

9.6.1.3.3 Arrangement of the ephemeris and time parameters. Arrangements of thc
ephemeris and time parameters within a frame shall be as indicated in Table
B-18.

9.6.t.3.4

A

M^o

Almanac parameters.The almanac parameters shall be as follows:

= an index showing relation of this parameter with the almanac;

= an index of the modification of n^-satellite: "00" indicates GLONASS
satellite, and "0[" indicates GLONASS-M satellite;

rc = the GLONASS time scale correction to UTC(SU) time. The correction tc is
givcn at the instant of day N^;

N^ = the calendar day number within the 4-year period beginning sincc thc leap
year. Thc correction tc and other almanac data (almanac of orbits and almanac
of phases) relatc to this day number;

nA = thc slot number occupied by n-satellite;

H^n = thc chsnnel numbcr of a carrier frequency of n^-satellite (fablc 8-16);

= the longitudc of the flrrst (within the N^day) ascending node of n^-satellitc
orbit in PZ-90 coordinate system;

I^o

t ^. = the time of the first ascending node passage of n^-satellite within N^day:



2t96 Kenya Subsidiaty lz gis lation, 20 I 8

Table B-17 Ephemeris and time frames

Pmehr
Nd.t
ofUB

Smhgrttr
(IJB)

EEcdrt
rua {hir.

m

tt

tb

Y"(tb)

ro(tr)

&(b),y(d,4($)
n(d,ii(t),2.(t)
:qG),ii(0,4(tb)
E

B,
PI
P2

P3

Aro

0t023
0to59
00r30

r5...t 425
, r-10

]+
t2.7 x ld

*4.3

=6.2* lOj
0to3l
0to7

as &tailed in 3.2.1.3.1
ql
0; I

+t3.97 x lOa

dirursiodess
hours

nrinucs

sccoodg

minutcs

dimsioolcss
sccorrdr

knr
lm/scro{d
lu/recoodl
&ys
dinxnsiooless

dinrasiooless
dimsimlcss
secoodr

I
I
I

30

IJ
24')

2-i0

2rl
7-!0

2-!0

I
I

I
I

vlo

4
5

6

I
1

il
22

n
!4
5

5

3

2

I
I
5

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

Prsrurcg
Nurrbrs
ofbtts

Striag lumbcr
siftbt Arlre

Birrub.s
*ifrinrh Arrll

OT

tr
b

r&)
r.(h)
x.(b)

v"(6)
a(tb)
&(tb)

,.(tt)
a(tu)
&(tb)

Y"(tr)
r.(b)

E5
4
PI
P?

P3

Aro

1...15

1

2
J

4

t
?

J

1

2

_1

I

;
4

?

I
2

J
4

4
t2
7

t1

?2

2]
27

?7

24

24

?4

J
j
5

5

J

2

I
1

5

81-84
65-76
7A -76
69-79
59- 80

9 -35
9 -35
9-35
4t-64.
41-64
4t- 64

36 -40
36 - /t0
36-&
49- 53

78-80
77 -78

77

80
54-58
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Ai'tu rhe corecrion to the uean ralue ofinclinahon ofo'l-satellite ar ilstant ofhAu(nrar lahre ofinclinatior is qual

to 63 degnc$:

AT'{, - the conectior to the nran lalur of Dmcouan plod of the ur-satellite at fu instant of qro (meal lalue of
Dracorriao6riod T is eqrul to 4-l 200 secouds):

at\ =

t''. =

Io! =

11 =

Cto =

tle ratr of chalge of Dracmian pcriod of n'{-satellile;

the eccartricity of d-s,llellite al fu$tant of tiAo;

tlrc uguuxnt ofperigee ofn'{*atellitr ar the inshot ofh.r!:

the coarse ralue of nr-satellite tirm conection to GLONASS time at insraor of11;

a gelaalized "rmlealthy flag' of d-satelhte at ilstant of aluanac upload alnranac of orbits nod plasa. Whn

G = 0, this indicates drat t-satellite is non-opuatioml. WLen Cn = 1. lhis irilicatcs that n-satcllite is oprational.

9.6.l.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 Arrangenent of the almanac parameters. Arrangement of the almanac rvords
within the frame shall be as indicated in Table B-21.

9.6.t.4 CONTENT AND STRUCTURE OF ADDITIONAL DATA TRANSMITTED BY
GLONASS-M SATELLITES

9.6.1.4.1 lzuer designation of additional data. ln addition to the GLONASS data,
GLONASS-M satellites shall transmit the following additional data as
indicated in Table B-17-A:

n - an index of the satellite transmitting the given navigation signal: it corresponds to a
slot number within GLONASS constellation;

ln - health flag for n-th satellite: "0" indicates the n-th satellite is healthy,"l" indicates
the malfunction of the n-th satellite;

B I - coefficient to determine AUTI: it is equal to the difference between UTl and UTC
at the beginning of the day (NA), expressed in seconds;

B2 - coefficient to determine AUTI: it is equal to the daily change of the difference
AUTI (expressed in seconds for a mean sun day). These coefficients shall be used to
transform between UTC(SU) and UTI:
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AUTI= UTC(SU) - UTl,

Where

UTI - Universal Time referenced to the Mean Greenwich Meridian (taking

account of Pole motion),
UTC(SU) - Coordinated Universal Time of the Russian Federation State

Standard,

AUTI=Bl +82x(NT-NA),

KP - notification of a forthcoming leap second correction of UTC (tl s) as

shown
KP UTC second correction data

00 No UTC correction at the end of the curent quarter

0l UTC correction by plus I s at the end of the current quarter

I I UTC correction by minus I s at the end of the current quarter

Note.- GLONASS system timescale correction is usually performed once a year at
nietnight-A| hours hl-minutes \1-seconds in accordance with the early notificatiott ol lhe

InternationalTime Bureau (BIHIBIPM) at the end of aquarter:

from 3l December to I lanuary - first quarter,

frorn jl Marchto I April - secondquarter,

fi'otn 30 June to I July - third quarter,

from 30 September to I October - fourth quarter.

NT - current date, calendar number of the day within the four-year interval startinB

from I January in a leap year;

Note.- An example of NT transformation into the con,non Jonn of current data

information (dd/mmlyy) is presented in ANS Technical Standards Part II, Vol l,
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 frequencyltime information is transmitted in the next

interval after the end oftlu ctl,rrent interval tb.
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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, rGPS parameter relayed from
control segment;

0l - tc parameter rclaycd from control segment, IGPS parameter calculatcd
on-board the GLONASS- M satellite;

l0 - rc parameter calculated on-board the GLONASS-M satellite; IGPS
parameter relayed from control segment;

I I - rc parameter calculated on-board the GLONASS-M satellite; IGPS
parametcr calculated on- board the GLONASS-M satcllite;

IGPS - correction to GPS time rclative to GLONASS time:

where

AT is the intcger part, and IGPS is the fractional part of the differcnce bctween the
systom timcscales expressed in seconds.

Note,- The integer part LT is dctermincdfrom thc GPS navigation message by the uscr
rcceiver.

Moo - typc of satcllitc n^: coding "00" indicates a GLONASS satellite, coding "01"
indicates a GLONASS-M satellite.

9.6.l3.2Additional dau paramcters. Additional data parameters arc dcfined in Tablcs B-
l7-A to B-18-A.

9.6.l .4.3 Location ot addition al data w ords w ithtn G LO N AS S - M nav i gation me s sa g e. The
requircd location of additional data words within the GLONASS-M
navigation messagc is defined in Table B-18-A.
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Tablc B-17-A. Additional data paramcters

Pmtl l{0. dtilt Sclt tohr(Lg) E&aicaa3r (hiB

I
I

rr0
r16
I
I
I

I
I
I

Tn
I

i
t
u
t0
2

ll
i
{
!
I
1

?2

2

I
t
BI
B2

KP

Nr
N.
Fr
M
P4

P

T@i

tt$.

0o3l
0:l
i0.9

(-4.5 to 3.D * loi
0to3

0to I461

Itoll
Scc htlc Bl7-B

0ro3
ql

m,01.10,11

*1.9 x lOn

0ro3

Dic'a*rlas
Di*rsioohs

sccodt
s/rncansua &y
I)ir:n*nlctl

rhys

fon-ycriotcnd

Dcrsioobto
Dimlinlcs
Diolariolcsl

$co&
Umsioolers

Table 8-17.8. f'T word coding

Fr urtut Psclrdorsoge accuracJ[ I eigntt (!$

0
I
2
1

4
5

6

7

8

I
l0
ll
t2
l3
l4
l5

I
7.

2.5
4
5

7
l0
t2
t4
l6
12

64
128

256
512

Notused
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Table B-18-A. Location of additional data words within the GLONASS-M navigation
meBsage

SIo.d I,lubcroftih
StioSoro,b.rwi6i6 6.

st"crt'@ Bitorobuoit}htc rtiag

a
L

BI
82
KP

&
N.
Ft
M
PI
P

tcrs
td.

5

I
4.t9,3+49,64

5,7,9, ll, 13, 15.20.
22,24,26,28,30,35,
37" 39.4r.43.45. 50.

52. i4, 56,58, CI,
65, 61,69.71,13,75

3. 18, 33.48,63
74 (s'ithin the spereaoc)
74 (withio the superframe)

74 ($ithin thc superfruc)
4, 19. 34,49.64
5.20.3r. 50,65
4,t9.y,49,04
4,t9,y,49,64
4.t9.v.49.64
3, 18,33, jt8,63

5,20,35.50,65
6,8, 10. 12, 14

ll - 15

9

ll
l0
2
It
5

4
2
I
2

22
2

65

70-80
60-69
58-59
16-26
32-36
30-33
9-10

34

66-6t
l0-31
78-79

Tablc B-19. Almanac partition within the supcrframe

Frmaurdcr
wieia6a rycrftao*

Sacllite mtobcrq for rryhich dor ir
trooroittcd rriEia girlta frroc

1

2
3
4
J

1to5
6to 10
Ll to 15
16 to 20
2l tc.24
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Table B-20. Almanac parameters coding

Efcctire rogr Udts

M*o
TC

Njl
.1tl

Hlo
r-L
/.8

t\
AiAo

AT'{o

afto
Elo

o)Ao

rio

t!

I
2'!1

I
I
I

210

z-$

2-?o

24
2-rr
210

2-t5

2-tt

I

2

28

u
5

5

2t
2t

l8
22

7

l-5

t6
l0
I

0ro3
+l

ltoI461
Ito24
0to3l
rl

0 to 44 100

+0.067

t3.6 x l0'
:'t-€

0 to 0.03

+l
+1.9 x 1f3

0to I

dinrcnsionless

seconds

days

dimansiordess

diruensionless

seari-circles

seconds

.seuri-circles

secondJrevolutiou

seconddre:lolutiorl
dinrm<ionless

scmi-circles

sccotrds

diorcosionless

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

Poranrler
l{uo$er
of bits

Strirymnbcr
reitththeearc

Biturailrcr
uithio lhcstriog

MAo
Tc

NA
Atl

HAo
rA/rn
tf,A,
AiAo

ATAo

Atoo
AEI
AG)!

t+,
a{.(-tr

6. 8.
7.9,
6,8.
7.9.
6,8,
7.9.
1.9.
6. I,
"t,9.

6.8.
6. 8"

t2. L4

11. l5
12,t4
13. 1_5

t?, t4
13, 15

13. 15

12. t4
13. 15

12.t4
t2. L4

78-79
42-69
70-80
73 -77
l0- 14
42-62
44-&
24-4t
22-43
t5 -2t
9-23
65-80
63 -72

80

2
28
1l
5

5

2t
2t
18

z2
7

15

16

l0
I

10.
5

5

r0,
11.

10,

11.
r0,
lt.
11.

10,

ll.
10.

10"

6.8. t2. t4

.rVofa.- Sinhg nurnbos of the fitst fon'fames uithin ntpafiame arc tiltm. Thare aru no
alnnnac ytrantetorc ln 14th atd lirh slttttgs of 5rhfimla

Paralrter
lfuo$€r
of bitr

Scalc facto,r
(IJB)

I
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9.6.2 DEFINTTIONS OFPROTOCOLS FOR DATA APPLICATION

Notc.- This section defines thc inter-relationships of the data broadcast message
paiamcters. Il provides definitions of paranvters that are not trarrsmitted, but are used
by either or both non-aircrafi and aircrafi elcmcnts, and that defi.ne terms applied ro
determine thz navigation solution and its integrity.

Table B-22. Parity Checking algorithm

Pl, PZ ..., 88 ue &c ctrct bit of ttc Haming codc (pocitios I to 8 in ttrc string);

cl, c:, .... c?, c! arc thc chcclsrm gcaentcd using tbe folowing;

cr =lOEhL*r
i = 9, 10, l?, 13, 15, 17. 19,20.22.24,26.28,30, 32. 34, it. 37,!9,4t-4i, 45. 47. 49. 51, 53,

55. 57. 59, 6t, 63. 55, 66, 68. 70.7?.74,76.78, S0, 32, 84.

a=0:e[4!iLarj = 9, I l^ 12, 14, 15, 18. t9.2t,12, X.2G.29,30, 33. 34, 3C t7, &,4t.44, 45. 48, 49. jZ, i3,
56. 57, @. il, A, 65. 67, 8, 7 t, 72, 7 5, 7 6, 79. S. 83, 84.

cr =Fr e [4\L"r:! = 10, ll.12,16. 17,18. 19,23,24,25.26,r1.32,r3,X,38.39.40. 4t.46.47.48.49. 14.5i.
56, 57, 62" $. A, 65. 69, 70, 7 t, 7 2, Tt, 7 8. 79, 80. 35.

cr = 9r (E [f,r hLorr
t = 13, 14 15, 16, 17, 18, 9,n,28,29.30, 3t, 32, 11,y,42,43,U.45.46, 47.48.49. i8. 59.

o, 61, 62, 63,s,65, R,74,75,76, 71,78. 79, N.

cr=Fs(9 [LLLoa:
m = N,21,n,8,24,25,26,27,28.29.30, )t,32.r1.34,50. iI, i2,53. 54, i5, 56, i7. i8,59.

o.6t" 6e 63. 64.65. 81.82, 83.84. 85.

a=0c(EPn\la,
! = 35,16.17.18. 39, 40. 41, 42.41. U, 45.46,47.49,49.50, 5t, i2. ii, i4, ii, 56, i7. i8. 59.

il,6t,62,63,il,65.

o=Fr|E $\L63p = 66,67.68,69.70,71,7?"n,74,75,16,77,78. 79, 80, 81. 82. 83. 84. 8r.

cr=[XfJ-a:{EI,bL.ar
q = 1,2,3,4.5,6,7,8
r = 9. 10. I I, 12,13, 14,15, 16, 17. 18, t9, 20. 2t,22,23,24,25,26.27,28. 29, 30, 3t, 32, 33,

34. 15. 36. 37. J8. 39. {0. 4l .4L43,44,4J,,t6. 47. 48, 49, ,0, il. i2. 5i. i4. 55, ,6, ,7, i8,
59. 60. 61, 62,63,64,6r, 66, 67, 68, 69, 70, 71, 72,7?,74,75.76,77.78, 79, 80. 81, 82. 83.

b85, b84, ... b9 ale the &ta bib (posirior 9 to 85 in thc sriog}

85.
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9.6.2.1 Parity checking algorithm for data verification. The algorithm shown in Table

B-22 and as detailed below is used to detect and correct an error of I bit within

the string and to detect an enor of 2 or more bits within a string.

9.6.2.1 .1 Each string includes the 85 data bits where the 77 MSBs are data chips (b85'

b84, ..., bl0, b9), and the 8 LSBs are the check bits of Hamming code length

of a (p8, p7,..., P 2, P 1).

9.6.2.1 .2 To correct l-bit errors within the string the follorving checksums are

generated: (c|,c2,...,c7),and to detect 2-bit errors (or more-even-number-of-

bits errors) a checksum c> is generated' as shorvn in Table B-22. The

following is used for correcting single errors and detecting multiple enors:

a) A string is considered correct ifall checksums (c1,..., c7, and cX) are

equal to "0", or if only one of the checksums (cl, .'.,c7) is equal to "l"
and cE is equal to " I ".

b) If two or more of the checksums (c1, ..., c7) are equal to "1" and cE is
equal to "l", then character "bicor" is corrected to the oPposite character

in.the following bit position;

"i*," = c, c6,c5 c4 ca c2 cr + 8 - K, provided that "i*" s 85,

where "crc6 c5 ca c3 c2 cr" is a binary number generated from the checksums

(c,, ..., cr) with cl being the LSB and c7 being the MSB. K is the ordinal
nunrber 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 rcjected.

c) If at least one of the checksums (cl, ..., c7) is equal to " 1" and cX is equal

to "0", or if all checksums (cr, ..., cr) are equal to "0" but cris equal to "1",
then there are multiple errors and the data shall be rejected.

9.6.2.2 SATELLITE CLOC K C O RRECTI O N P ARAMETERS

9.6.2.2.IGLONASS system time is determined as:

tcuoxess = tk + tn(tb) - Yn(tb) (tk - tb)

where tk, tn(tb), Yn(tb) are Parameters described in 9.6.1.3.1.

g.6.2.2.2GLONASS time is related to National Time Service of Russia (UTC(SU)) time

as indicated below:

turcrsu) = tououess + rc- 03 hours 00 minutes
where

tc is a parameter described in 9.6.1.3.4 and
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03 hours 00 minutcs is continuous timc shift caused by difference between Moscow time
and Greenwich time.

9.6.2.3 SATELLITEPOSTflON

9.6.2.3.1 The curent satellite position is defined using ephemeris parametcrs from
CLONASS navigation, as indicated and in Table B-17,

9.6.2.3.2 Rccalculation of ephemeris from instant tb to instant ti within the interval (kil
= lti - tbl s 15 minutcs) is perfomred using a technique of numcric inrcgration
of differential equations describing the motion of the satellites. In the right-
hand pars of these cquations the accclerations arc detcrmined using thc
gravitational constant p and the second zonal harmonic of the geopotential J20
which dcfincs polar flattening of thc earth, and accclcrations duc to luni-solar
pcrturbation are taken into account. The equations arc integrated in the PZ-90
(3.2.5) coordinatc aystem by applying thc Runge-Kutta tcchnique of fourth
ordcr, as indicatcd below:

9: Vx
4r

9- vn
ds

d,
dt

Yz

+=-#. j4#' (,E- ). ",' 
., 2ov, + r

$ = -5, -f ,e$, ('- lj) * 
",y+ 

2ov, + y

*=-i,-i*S,('-5)-,
ufiafc

=.r/ffir crrt'e uaivtad grrihtiood cn brr (398 600.44 x l0' u'/e!)t
= oirsi-sir(6378 136u),

= socod zoorl brmh of rfic jmpoiudd (t 082 625.? x l(r); -a
= rar6'rroutinmcOJ92ll5 x l0{nfiedr.

Coordiutsr rr(h). y{D, d$ and vchcityvttu coquros ii ([) = V& ir G) . Vr. 11 (t) = V. ge idrirl cooditimr fc
6. ie;ndm. A.cdcratb@ 6r r hri*lrrparrhtioi ($, ii (0. a (1).rc cmbrr o tc icamin i*rnl
*15eiilt r.

t
ll
q
fo
o
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9.6.3

9.6.3. r

9.6.3.r.r

AIRCRAFT ELEMENTS

GNSS (GLONASS) RECEIVER

Satellite exclusion. Thc receiver shall exclude any satellite designated
unhealthy in the GLONASS navigation message.

9.6.3.1 .2 Satellite tracking. The rcceiver shall provide the capability to continuously
track a minimum of four satcllites and generate a position solution based

uPon thosc measuremcnts.

9.6.3.1.3 Doppler shift. The receiver shall be able to compensatc for dynamic Doppler
shift effects on nominal GLONASS signal carrier phasc and standard code

measurcmcnts. The receiver shall compcnsatc for the Doppler shift that is
unique to the anticipatcd application.

9.6.3.1 .4 Resistance to intcrference. The receiver shall meet the rcquirements for
resistance to interference as specified in these Rcgulations.

9.6.3.1.4,1 Intrasystem interference.When recciving a.navigation-signal with.frequency
channel k = n, thc interference created by a navigation signal with frcquency
channel numbcr k = n - I or k = n + I shall not be more than -48 dBc with
rcspect to the minimum spocified satellirc powcr at the surfacc of the earth
provided that the satellites transmitting these signals arc simultaneously
located in uscr's visibility z.one.

Notc.- The intrasystem interJcrencc is thc intercorrclation propcrties ol thc ranging
pseudo-random signal with rcgard totrequency division multiplc acc.ss.

9.6.3.1.5 Application of clock and ephemeris d8ta. The roceiver shall ensurc that it is
using the correct cphemeris and clock data beforc providing any position
solution.

9.6.3.1.6 lzap second correction. Upon GLONASS timo leap second correction (see

9.6.1 .3.1 , tb) the GLONASS receiver shall be capable of:

a) genereting a smooth and valid series ofpseudo-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 corrcction the GLONASS rcceiver shall
utilizc thc UTC time as follows:

a) utilizc the old (prior to the corrcction) UTC time togcther with the old
ephemeris (transmitted before 00 hours 00 minutes fi) seconds UTC):
and

b) utilize the updated UTC time together with the new ephemeris
(transmittcd after (X) hours @ minutes 00 seconds UTC).
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9.6.4

9.6.4.1

TIME

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

I to.onorr- (UTC + 03 hours 00 minutes) I < L ms

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

Note l.- The timescales of GLONASS satellites are periodically comparecl with central
synchronizer time. Correctiorts to the timescales of GLONASS satellites relative to
GLONASS tinrc and urc 6u) rinrc are contputed at tlrc GL)NASS ground-based
control complex and uploaded to the satellites tvvice per day.

Note 2.- There is no itTteger-second difference berween GL2NASS time and IJTC time.
The GL0NASS timescale is periodically corrected to integer number of seconds
simultaneously with urc corrections which are petformed according to the Bureau
International de I'Heure notification (leap second correction). These corrections are
perfornred at 00 hours 00 minutes 00 seconds tlrc time at midnight at the end of a
quarter of the year. Upon the GLONASS leap second correctiott the time mark withitt
navigation message clunges its position (in a continuous timescale) to become
synchronized with 2-second epochs of corrected |JTC timescale. GLoNAss users are
nofirted in advance on these planned corrections. For the GLONASS-M satellites,
nofirtcailon of these corrections is provided to users via the navigation message
parameler KP.

9.6.4.2 Accuracy of mutual satellite timescales synchronization shall be 20 nanoseconds
(l sigma) for GLONASS satellites and 8 nanoseconds (l 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, rGpS, shall not
exceed 30 nanoseconds (l sigma).

Note.- The accuracy of IGPS (30 ns) is deterntined with reference to the GpS SpS
coarse acquisition signal and may be refined upon completion of trials of the GLoNASS
sysrent using GLONASS-M sarellites.

9.6.5 COORDINATESYSTEM

9.6.5.1 PZ-90 (Parameters oJ common terrestrial ellipsoid and gravitational Jield 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-fi xed reference frame.

I
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9,6.5.2 CONVERSION BETWEEN PZ-90 AND WGS-84

9.6.5.2.1The following conversion Parameters shall be used to obtain position

coordinates in WGS-84 (version G1674) from position coordinates in PZ-90
(Version PZ-9O.ll):

lxl t 1 0,0097 x t0-e 0.2035 x 10-el tfi [0.003.|

lrl = l_o.oosz x 104 1 0.0e21x 1041x lrl + lo.oorl

[z]*n.r-r. [-o.zolox10-e 0.0921x10-e 1 J lilrr-ro Io .l

Note I .- X, Y and Z are expressed in metrcs.The difference between versions WGS-84
(G1674) and
PZ-n eZ-90.1l) is not significant with respect to operational requirements.

Note 2.- Guidance material on conversion between P790 andWGS-84 is provided in
ANS Tcchnical Standards Part II, Vol I, Anachment D, section 4.2 '9 3 .

9.7 Combined use oJ GPS and GLONASS

9.7.1 AIRCRAETELEMENTS

9.7.1.1 Combincd GNSS rcceiver. The combined GNSS receiver shall process signals
from GPS and GLONASS in accordance with the rcquirements spccified in
9.5.3.1, GPS (GNSS) receivcr, and 9.6.3'1, GLONASS (GNSS) rcceiver.

9.7.1.1.1 Rcsistancc to interfcrencc. The combined GNSS rcceiver shall meet the

individual rcquircments for GPS and GLONASS as specified in these

Regulations.

9.7.1.2 Antcnna(c).GPS and GLONASS signals shall be rcceived through onc or morc
antcnnae.

Note.- Perlormance characteristics oJ GNSS recciver ctntennae are defined in 3.8.

9,7,1.3 Conversion betwecn coordinatc ryJrcrts. Position information provided by a

combincd GPS and GLONASS recciver shall be exprcssed in WGS-84 earth
coordinates.

9 .7 .l .3 .l The GLONASS satellite position, obtained in PZ'90 coordinate trame, shall be

convcrted to occount Jor thc differenccs betwccn WGS-84 and PZ-90, as

defined in9.65.2.

9.7.1.4 GPSIGLONASS rimc. Whcn combining measuremcnts from GLONASS and

GPS, thc differcncc betwcen GLONASS time and GPS time shall bc taken into
account.

93.1.4.1 GPS/GLONASS receivers shall solve for the time offset between the corc
constellations as an additional unknown parameter in the navigation solution
and not only rcty on the time offset broadcast in thc navigation messages.
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9.8 Aircraft- based augnrcntati on system ( ABAS )

Guidance on ABAS is given in Arrachrnent D in the ANS Technical standards part II,
Volume I

9 .9 Satellite-based augmentation system (SBAS)

9.9.1 GENERAL

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

9.9.2 RFCHARACTERISTICS

9.9.2.1 Carrier trequency stability. The short-term stability of the carrier fiequency
(square root of the Allan Variance) at the output of the satellite transmir antenna
shall be better than 5 x l0-rr over I to l0 seconds.

9.9.2.2 Carrier phase noise. The phase noise spectral density of the unmodulated carrier
shall be such that a phase locked loop of l0 Hz one-sided noise bandwidth is
able to track the carrier to an accuracy of0.l radian (l sigma).

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

9.9.2.4 codelcarrier frequency coherence. The short-term (less than l0 seconds)
fractional frequency diflerence between the code phase rate and the carrier
frequency shall be less than 5 x l0-tr (standard deviation). Over the long term
(less than 100 seconds), the difference betrveen the change in the broadcast code
phase, converted to carrier cycles by multiplying the number of code chips by I
540, and the change in the broadcast carrier phase, in cycles, shall be within one
carrier cycle (standard deviation).

Note.- This applies to tlrc output of the satellite transmit antenna and does not include
code/carrier d.ivergence due to ionospheric refraction in the doyvnlink propagation path.

9.9.2.5 Correlation loss. The loss in the recovered signal porver due to imperfections in
the signal modulation and lvaveform distortion shall not exceed t dB.

Note.- The loss itt signal power is the difference bettveen the broadcast power in a 2.046
MHz bandwidth and the signal power recovered by a noise-free, loss-free receiver with
1-chip correlator spacing and a 2.046 MHz bandwidth.

9.9.2.6 Maximum code phase deviation. The maximum uncorrected code phase of the
broadcast signal shall not deviate from the equivalent SBAS network time
(SNT) by more than t2-20 seconds.

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

9.9.2.8 Message synchronization. The Ieading edge of the first symbol that depends on
the first bit of the curent message shall be broadcast from the SBAS satellite
synchronous with a l-second epoch ofSNT.

9.9.2.9 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-l I with the G3 output selected for the first half
of each 4-millisecond data bit period.

9.9.2.10 Pseudo-randonr noise (PRN) codes. Each PRN code shall be a I 023-bit Gold
code lvhich is itself the Modulo-2 addition of two I 023-bit linear patterns, Gl
and G2i. The G2i 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 l0 of a l0-stage shift
register, where the input to the shift register is the Modulo-2 addition of the

following stages of the shift register:

a) Gl: stages 3 and l0; and

b) G2: stages 2,3,6,8,9 and l0

The initial state for the G t and G2 shift registers shall be' I I I I I I I I I l"

Table B-23. SBAS PRN codes

PRN G2 delay
co,de number (ihipi)

First l0 SBAS chips
( LZjffmoi{ 6ii rCpii sehts fi rs t
transmitted chip, binary)
0l l0l I l00l
01010t l l l0
r 101001000
I l0r l00l0l
0001 I 10000
0 I I 1000001
000000101 I
10001 10000
0010100101
01010101I I
ll000lll10
l0l0lot I I I
00001001l0
10001I l00l
0l0l I10001
10000llll1
0lllllt000
l0l l0l0l I t
I l00l l l0l0
0001010100
00llll0ll0
000101101I
01001l0l0l
0lll00llll
0010001 I I I
lllll000l0
r 100010010
l100100010

t20
t2t
t22
t23
t24
125
r26
t27
128
t29
130
132
133

t34
135

136
137
138
t39
lz!0
t4l
t42
t43
t44
145

146
t47
148

t45
t75
52
2l
237
235
886
657
634
762
355
t'l6
603
130

359
595
68
386
797
456
499
883
307
t27
2tt
t2l
118

163



628
853
484
289
8il
202
tozt
463
568
904

149
150
15l
t52
ls3
154
l5s
ls6
157
158
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010101001l
0lll0llll0
lll00lll0r
000101 I I l0
00101I l0l I
10000101 l0
0000m0011
iltoll1000
0110010100
00l00lll0l

9.9.3

9.9.3.1

DATA STRUCTURE

Fornat swuury. All mcssagcs shall consist of a message typc idcntifier, a

pruamble, a data field and a cyclic redundancy chcck as illustratcd in Figurc B-
t2,.

9.9.3.2 Prpamble. The preamble shall consist of the sequencc of bits "0l0l00ll
l00ll0l0 ll000ll0", distiburcd ovcr threc succcssivc blocks. The start of
ercry other 24-bit preamblc shall be synchronous with a Gsecond GPS
subframe epoch.

9.9.3,3 lrrGssagc typc idcntiflrer. Thc mcssagc typc identifier shall be a 6-bit value
idcntifying thc mossegc typc Cfypcs 0 to 63) as dcfincd in Tablc B-24. Thc
m;ssagc typc idcntificr shall be transmiBcd MSB first.

9.9.3.4 Dit8 ficld. Thc data ficld shall bc 212 bitE as dcfincd in 9.9.6. Each data field
parametcr shall bc traosmittcd MSB first.

9.9.3.5 Cyclic rcdundarcy chcck (CRC). Thc SBAS mqssagc CRC codc shall bc
cqlculatcd in accordancc with 9.13.

9.935.1 The length of thc CRC code shall bc k = 24 bits

9.9-3.52 Thc CRC gotrerator polynomial shall bc:

G(x) =va1xa+ xlt+xl? + xl4 +xll + xlo + x7 + x6+ x5+ xa+x3 + x + I
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Table B-24. Broadcast Message types

\Iermge gpe Conteab

0

I
2to5

6

7

8
9

l0
ll
t2

13 to 16

t7
l8

19 to 23

z4
25
26

27
28

29 to 6l
62

63

"DoNotU,se" (SBAS test urodc)
PRN raask

Fast correctioos
Integrity inforruatiou
Fast correctioo depgadation factor
Spare

GEO rangilg flurction paraurcttrs
Degradation paxanreters

Spare
SBAS nerwork tinrcAJTC offset parameters

Spare

GEO satellite alorauacs

Iouospheric gyid point nrasks

Spare
Mixed fast4oug-tccm satellitc crrq, correclions
Long-terur satellite error correctioqs
Iouospheric delay corrections
SBAS service ttrcssage

Clock-cpher:reris covariauce nratrix
Spre
Rcser:v'cd

Ntrll rnessage

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

226

t l(.x): f ,rr,*"t't : mrx?25 * m2x224 + ... + rl225,xo

i=l

9.9.3.5.4 M(x) shall be formed from the 8-bit SBAS message preamble,6-bit message
type identifier, and 212-bit data field. Bits shall be arranged in the order
transmitted from the SBAS satellite, such that ml corresponds to the first
transmitted bit of the preamble, and m226 corresponds to bit 212 of the data

field.

9.9.3.5.5 The CRC code r-bits shall be ordered such that rl is the first bit transmitted
andr24 is the last bit transmitted.
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9.9.4 DATA CONTENT

9.9.4.1 PRN mask parametcrE. PRN mask paramercrs shall be as follows:
PRN codc number: a number that uniquely identifies the sateltite PRN code and rolated
assignmcnts as shown in Table B-25. PRN mask'210 PRN mask valucs that corrcspond
to satellite PRN code numbers. Thc mask shall gct up to 5l of the 210 pRN mask values.

Notc.- Tha first tansmitted bit of the PRN mask conesponds to PRN code numbcr I .

Tablc B-25 PRN code number assignments

PRN codca**lr AsrtD@t

I *37
38-61
62- ttg

120 - 138

139 - 210

GPS
GLOTIASS slot numbcrplus 37

Spre
SBAS
Sparc

PRN codc tu*nber
l -37
38-61
62 - rt9
120 - 158

159 - 210

Assigmunt
GPS
GLONASS slot numbcr plus 37

Spare
SBAS
Spare

PRN mask value: a bit in thc PRN mask indicating whether data are provided for the
a$sociated satellite PRN code numbcr (1 to 210).

Coding: 0 = data not providcd
I = data providcd

PRN mask awnber: the scquence number (l to 51) of the mask values set in the pRN
mask.

Note.- The PRN mask numbcr is " 1" Jor the lowest satellitc pRN number Jor which the
PRN maskvblue is "1",

Issuc of dafi - PRN (IODP).' an indicator that associatcs the correction data with a PRN
mask.

Note.- Paramcters arc broadcast in thc fullowlng mossages:

a) PRN mask (consisting of210 PRN mask values) in I)pc I message;
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b) PRN nnsk number inType 24,25 and 28 messages;

c) PRN code number inType l7 nessage; and
d) IODP inType l to 5,7,24,25 and2Smessages.

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

,o.c'o-the reference time for the GEO ranging function data, expressed as the time after
midnight of the cuffent day.

[X6Y6Z6]: the position of the GEO at time q).(;Eo.

[XcYcZolr the velocity of the GEO at time h.cEo.

lX6Y6Zsl: the acceleration of the GEO at time tsnse..

acp: the time offset of the GEO clock with respect to SNT, defined at b.ceo...

a6r,: the drift rate of the GEO clock with respect to SNT.

(Jser range c.ccuracy ( URA): an indicator of the root-mean-square ranging error,
excluding atmospheric effects, as describcd in Table 8-26.

Note.- All parameters are broadcast in Type 9 ntessage.

Table 8-26. User range Accurancy

URA Accurory (ros)

o
1

2
3
4
5
6
7
8
9
to
ll
t2
13
14
15

2ur
2.8 ur
4ur

_5.7 ur
8rn

I 1.-l rn
l6 ru
32 ru
64u
I?8 rrr
?56 ru
512 ur
I 024 rrr
2 048 ru
4096m

'Do Not tlse"

Note.- URA values 0 to I4 are not used in the protocols

Jor data application (3 .5 .5). Airborne receivers will not use

the GEO ranging fanction if URA indicates "Do Not
Use" (3 .5.8.3).
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9.9.4.3 GEO almanac paranatcrs. GEO almanac parameters shall be as follows:

PRN code number: see 3.5.4.1.

Health and staras.' an indication of the functions provided by thc SBAS. The service
provider identifiers arc shown in TableB-27.

Coding: Bit 0 (LSB) Ranging On (0) Off (1)

Bit I Prccision corrcctions On (0) Otr(l)
Bitz Satellite status and basic corrcctions On (0) Off (t)

Bits 3 Spare

Bits 4 to 7 Service provider identifier

Note.- A service provider ID of 14 is usedfor GBAS and is not applicablc to SBAS.

[]heYo^Zoel.'the position of the GEO at time h"*rc.

[X61Yqezc,{].'.'the velocity of thc GEO at time trrffi.

td,,-*.'th€ refercnce time for thc GEO almanac data, exprcsscd as thc timc aftcr midnight
of the current day.

Notc.- All paranreters are broadcast inType 17 message.

9.9.4.4 SATEruTE C O RRECTI ON B ROADC AST P ARAMETERS

9.9.4.4.1 Long-term conection parametcrs shall be as follows:

Issuc of data (lOD): an indicator that associatcs thc long-term corrcctions for the ith
satellite with the ephemcris data broadcast by tbat satellitc.

Notc 1 .- For GPS, the IODi matches the IODE and 8 ISBs oJ the IODC (9 5 3 .1 .4 and
9s.132.2).

Notc 2.- For GLONASS, the IOD| indicatcs a period oJ timc that GLONASS ddta arc to
be uscdwith SBAS data. It consbts of twofields as shown in Table B-28.

6.ri.'for satcllite i, the ephemeris corrcction for thc x axis.

6yi.' for satellitc i, the ephemeris correction for the y axis.

6zi.'for satcllite i, the ephemeris corr€ction for the z axis.

0ai.70; for satellite i, the ephemeris time corrcction.

6'xi.' for satellite i, ephemeris velocity correction for x axis.

6'yi.' for satellite i, ephemeris vclociry correction for y axis.
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6'zi.'for satellite i, ephemeris velocity correction for z axis.

6airf1.. for satellite i , rate of change of the ephemeris time correction.

ti,LT: the time of applicability of the parameters 6xi, 6yi, 6zi, 6ai,f0, 6x' i, 6y' i, 6z'i and

6ai,fl, expressed in seconds after midnight of the current day.

Velocity code: an indicator of the message format broadcast (Table B-48 and Table B-

49).

Coding: 0 = 6x' i, 6y' i,6z'i and 6ai,fl are not broadcast.

I = 6x i,6y' i,6z'i and 6ai,fl are broadcast.

Note.- All paraneters are broadcast in Type 24 and, 25 messages.

TableB-27. SBAS service provider identifiers

Idemifier Serlice pror,'ider

0
1

z
>)
4

5to13
14, 15

'il/AAS
EGNOS
MSAS

GAGAI{
SDCM
Spare

Reserr,-ed

Table B-28. IODi for GLONASS satellites

lvlsB LSB

Validity inten-al (5 bits) Latency tLue (3 bits)

9.9.4.4.2Fast correction parameters shall be as follows:

Fast correction (FCi): for satellite i, the pseudo-range corection for rapidly varying
errors, other than tropospheric or ionospheric errors, to be added to the Pseudo-range
after application of the long-term correction.

Note.- The user receiver applies separate topospheric corrections (9.9.8.4.2 and
9.9.8.4.3).

Fast correction type identifier.' an indicator (0, I, 2. 3) of whether the TyPe 24 message

contains the fast correction and integrity data associated with the PRN mask numbers
from Type 2,Type 3, Type 4 or Type 5 messages, respectively.
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lssue of futa-fast correction (IODFj): an indicator that associates UDREIis with fast
corrections. The indcx j shall denote the message type (i = 2 to 5) to which IODFj applies
(tho fast corrcction type identifier +2).

Note -- Thc fast correction type identifier is broadcast in \pe 24 mcssages . The FCi arc
broadcast inTypc 2 to 5, andTypc 24 nrcssages.The IODFj are broadcast inType 2 to 6,
and Typc 24 messages.

9.9.4.5 Fast and long-tcrm correction integrity parunetcrs. Fast and long-term
correction intcgnty parametcrs shall be as follows:

UDREI,: an indicator that defines thc d2l.upRE for satcllite i as describcd in Table B-29.

Model variance oJ rcsidual clock and ephemerb crrors (o2,.y*s).. the variancc of a
normal distribution associated with thc user differential range eroni for satellitc i aftcr
application of fast and long-term comections, cxcluding aunGrpheric effccts and used in
horizontal protcction lcvcUvcrtical prot€ction lcvcl computations (355.6).

Note.- All parumetcrs are broadcast inTjpc 2 to 6, andT)pc 24 mcssages.

9.9.4.6 lonosphcric corrcction paramcters. Ionospheric concction panmctca shall bc
as follows:

IGP mask: a sct of I I ionospheric grid point (IGP) band masks defincd in Table B-30.

IGP band mask' a sct of IGP mask valucs which corrcspond to all IGP locations in one of
the I I IGP bands defincd in Table B-30.

Table B-29 Evaluation of UDREIT

T,DREI dr.o"

0
I
2
3

4
5
6
7
8
9
10
1l
t2
t3
14
15

0-0520 m2
0-0924m2
0.1444 m2
0-2830 m2
0-4678 m2

O8315 mr
l-299 m7
1-3709 d
2.5465 a2
3.326Om2
5-1968 m2

20-7870 m2
230.9661or2
2 078.695 m2

'lrlotMooitorcf
'DoNotUec"
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IGP mask value: a bit indicating whether data are provided rvithin that IGP band for the
associated IGP.

Coding: 0 = data are not provided

I = data are provided

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

tGP 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 l5 IGPs the sequence of IGPs within an IGP band mask which
have IGP mask values of "1". The IGP blocks are numbered in an order of IGP mask
value transmission, starting with "0".
Validity interval (V): the time interval for which the GLONASS ephemeris data are

applicable (coded with an offset of 30 s) as described in Table B-3 I .

ltttency 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'

IODI; an indication of when the kth IGP band mask changes.

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

Coding: The bit pattern "l I I I I I I I l" indicates "Do Not Use".

GIVEIi: an indicator that defines the o2

i,GM as described in Table B-33.

Model variance of residual ionospheric errors (a2i,G|VE): the variance of a normal
distribution associated with the residual ionospheric vertical error at the IGP for an Ll
signal.

Note.- All parameters are broadcast in TyPe I 8 and Type 26 messages '

Table B-30. IGP locations and band numbers

IGP l(nior
TralsLrir(flt(io

tCPbrodE$L

Band0

180 \1' 75S, 655, 55S, 50S,4iS, ..., 4tN. t0N, 55N, 65N, 75N, 8iN 1-28

175 W 55S, 50S, 45S, ...,4iN. 50N, jiN 29-it

t70 \\' 75S. 655. 5iS. 50S, 45S. ...,4tN. 50N. 55N, 65N, 7tN i2-78

165W 55S, ios,45S, ..., 45r{, 50N, i5N 79 - lot

160w i5s, 655, 55S, i0S,45S, ....45N. 50N.55N, 65N, 7N 102 - 128

l5iw 55S, 50S, 45S. ...,4tN, 50N, 55N la-l5l
t50w 7is, 655, 5iS, 56,15S, ..., 4iN, ioN, 55N, 6tN. itN 1J2 - 178

145 W ,5S, 50S, 45S, ...,4tN. 50N, i5N 179 - 201

Baod I

l40w 85S. 7iS. 655, iis, 50S,45S. ..., 4iN. 501{, 55N,65N. 7N I -28
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IGP hc*im
Twissimodoio

IGPbmdN5k

I35 w 55S. ios,.lis, ..,4iN. 50N. irN ?9-51

ll0w 75S.6iS, 55S, 50S, 45S, . ., +5N, 50N. r5N, 65N, 75N 52-78

125 IV jis.50s.4is. ...45t{. 50N. jiN 79 - l0l
r20 w 7-5S.655, 55S, ios, 15S. .... 45N, 50N. 55N, 65N, 75N 102 - r28

ll5 w i5s. ios.4is.....15N. ioN. i5N 129 - r5r

r10 lv 75S.655,55S, 50S,45S. ....45N.501t. 55N. 65N. 7iN 152 - 178

105 w 55S. 50S.45S..... 4ff. 50N,55N 179-201

Baud 2

r00 w 75S.65S. 55S. ios,45S. ....15N, ioN.5iN,65N, 7iN | -?7
95W 5is.50s,45s. .., 4iN, 50N. jiN 28-50

90w 75S.6iS. )is. ios, 45S. ....45N, ioN. i5N, 65N. 7iN, 85N 5t -78
85W 5is. ios,45s....,4tN, 50N. 5iN 79 - lot

80w 75S.6iS, i5S, 50S,4iS. ....15N, 50N, itN. 65N,75N t02 - r28

7i lV i5s. 50s, 4is..... 4iNi. 50N. 5tN 129 - l5l
70lv 75S,6iS, 55S, 50S, 45S. ....45N, ioN, 55N, 65N, 75N r52- 178

65W 55S, 50S, 45S,..., 4rli, 50N, 55N 179 - 201

Band 3

60w 75S.655, i55,50S, 45S, ...,4iN,50N. iiN. 65N, 7iN | -27
55W 55S. 50S, 45S,..., 451i. 50N, 5tN 2S-r0

50w 85S.7iS. 655. i5S. 50S,45S. ....4iN. 50N. 55N.65N. 75N 5r -78
45W i5s,50s,4is. ...,4iN-, 50N, 5tN 79 - 101

40 lV 75S.6iS, 555, ios,45S. ..45N,50N, 55N, 65N. 7iN t02- 128

35 lV i5S. i0S. 45S. -...4n'i.50N. i5N 129 - t5!

30 lV 75S, 6iS, 555, 50S. 45S, ..., 45N, 50N, 55N, 65N. 75N 152 - 178

25W 55S. i0.S.45S.....4fl,i. 50N. 55li t79 -20t
Band4

20 lV 75S.6iS, i55, J0S.4iS. . _.45N,50r{, 5iN, 6rN, 75N L -2'l
15w 55S, 50S, 45S..... 4iN. ioN. 5rN 28-50

10 tv 75S.65S, i55, ios,45S. ....4JN, ioN.5rN. 65N. 75N 5t -77
ilv i5S, 50S, 45S,..., 45f(, )0N. 55N 78- rm

0 75S,6iS, 555, 50S. 4iS, ...,45N ioN, 55N, 65N, 75N, 85N lot - 128

JE 55S, ios,45S,...,45N, 50N, itN 129 - l5l
l0E 75S.6iS, 555, -50S. 45S, ....45N 50N. 5rN, 65N, 75N 152 - 178

15E i5S, 50S.45S, ...,4tli. 50N. itN t79 -201

Baod 5

20E 75S.6iS^ 555. 50S.45S. ...^ 45N, 50N. 55N, 65N.75N | -2',1

25E i5s. 50s,15s. .... 45N. 50N. i5N 28-50



2220 Kenya Subsidiary kgislation, 20 I 8

tGP lootim
Tnuirdn6dcri!

IGPbodu:lr

i0E 7is.655, 5iS,50S.45S.....45N 50N, 5iN. 65N. 7iN 5r -77

l5E :is. ios. 15s, ....45N,50N. i'N ?8 - 100

40E 85S. 75S.655, i5S, ios.15S,...,45N, 50N. i5N, 65N. i5N t01 - 128

{iE i5s. 50s, {is,..., 1iN. i0N, 5jN 129 - 15t

i0E 7is. 65S. 55S, 50S. 45S. .... 4iN. 50N. i5!,1, 65N, 75N r52 - 178

55E 55S. i0S. 45S...., 45N, 50N. siN r79 - 201

Band 6

60E 75S, 6iS, 55S, 50S. 45S..... 4iN. 50N, 55N. 65N. 75N r -27

65E 55S, 50S, 45S.,.., 45N. 50N, itN 28-r0

70E 7is.655,55S, ios,4iS,..." 45N, 50N. 5tN, 65N, 75N 5t -77

75E 55S. ios, {5S,..-.45N,50N. 55N 78-lm

80E 75S. 6iS, 55S. 50S. 45S. ..., 45N. 50N. 55II. 65N, 75N rot - 127

8iE 55S. 50S. 45S..... 4tN, 50N. 5iN 128 - 150

90E 75S.655, JiS,50S.45S, ....45N 50N, 5iN, 65N, 75N.8rN l5l - 178

9iE 55S. 50S. 4rS..... 4iN. 50N. 551{ 179 - 20r

Band-7

100 E 75S. 6-iS, i5S. ios, 45S, ....4iN. 50N. 55N, 65N, 7iN t _)1

105 E 55S, 50.S, 45S, ...,4iN, 50N. JiN 28-i0

ll0E 7js, 65.s, i5s. ios, 4is, ....45N, 50N, itN, 65N, 7iN 5L -77

ll5 E 55S. 50S, 15S,.... 45N, 50N. 55N 78 - 100

130 E 75S. 655, 55S, ios,4iS, ..., 45N. 50N, itN, 6iN. 75N tot - t27

125 E 55S. 50S,45S....,4iN. 50N, 5iN 128 - 150

t30 E 85S, 7iS, 655, 55S. 50S, 45S. ..., 15N, 50N, 5'N, 65N. 75|I l5l - 178

13i E 55S. JoS. 45S, ..., 45N, 50N. 55N 179 -?il
BmdS

140 E 7is, 6is, 5is. 50s. 45s. ..., 4iN. 50N. 55N. 65N, 75N l -17

145 E 55S. 50S, 45S. ..., 45N. 50N. 5tlt- 28-i0

r50 E 7is. 655. 55S, ios, 4iS, ..,4iN. 50N, 55N, 65N. 75N 5t -77

t5-i E 555. 50S, 45S,...,4tN, 50N,5iN 78 - 100

160 E 7is. 655, 55S. 50S.4iS. ..., 45N. 50N. jiN. 65N. 7iN lot - 127

165 E 55S, 50S, 4iS. ..., 4iN. 50N, 5:-1.[ 128 - t50

I7O E 7is. 655, 55S, 50S,4iS, .... 4iN. 
'0N, 

5iN 65N 75N 15r - 177

175 E 55S. 50S, 45S,..., 45N, 50N. 5tN t78 - 200

Baod 9

60N 1801r'. l7i1v,170u..., l65E 1708. l75E l -72
65N r80w, 170w, 16011,, .... l50E 1608. 170E D-lG
70N r80\e" t70w,1601v, .... l50E 160E, l70E 109 - 144



IOP loc{ioo
Tmrdr*nordrir

l@5na{*
75N 180w. 170w, r60tv, ..., l50E r60E lnE 145 - 180

85N 180w, ltow. r20w' ...,90E, r20E t5G t8r-IEl
Baad l0
60s l80q 175w, 1701\" ..., 165E' 1708, I75E t-72
65S t80w I70w, 160w, .... 150E, l60E l70E 73 - 108

70s t80w, t70w' r60w' .... l50E 160E, l70E 109- 144

75S l8olli, t70w' 160tr, ..- l50E l60E tmE 145- r[xt

85S r70qr, l4{rr1r. uow'._., l00E t30E t60E l8l - 192
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Table B-31. Validity interval

DE BiEE d Earoflrlu Rlshkr

Velidif irftr'nl(V) 30slo 960 s5 30s

Tablc B-32. Latency time

D& Bibucd &lgroftzhs nrmHfur

Iahtcltb0,) 3 0sto l20s 30 s'

Tablc B-33. Evaluation of GIVEIi

GItrlEL d,,."o

u3
m!
DI
u2
Dd
nf
m2
ml
d
!f
d

o
I
2
3
4
5
6
7
I
9
10
11
12
13
14
15

O-O0e4 Df
O.O333 of
o.w49rd
o-1331
o"!0?9
o-299+
o.4(n5
o.532.
o.6735
o-&t15
1.lgl4
1.8709
3.32ffi
20..787

137-0S26 Df
'llot 1\rIoaiM'
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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.- Tlu aii is also used to define the tinrc-out interval for fast correctiot$, as
described in 3 5.8.1 .2.

Systent 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-lsb: the maximum round-off error due to the resolution of the orbit and clock
information.

Cltc-vl: the velocity error bound on the maximum range rate difference of missed
messages due to clock and orbit rate differences.

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

Cltc-v1: a parameter that bounds the difference between two consecutive long-term
corrections for satellites with a velocity code = 0.

lltc_v0: the minimum update interval for long-term messages if velocity code = 0
(9.9.4.4.1).

CGEO_lsb: the maximum round-off error duc 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 Corrcction degradation factor

Fact cofilcri@ dcgridatiu
&crrindicqtr(ai1)

Fa* cocectimdqnd.lfoa
factu (a1)

0

I
2

3

4
5

6

7

8

9

t0
ll
t2
13

t4
15

0.0mm/s?
0.05 mr/s2
0.09 rro/s2
0.12 run/s2
0-15 rur:/s2
0.20 m/s2
0.30 au/s?
0.45 nuu/sl
0.60 rum/s2

0.90 n rnls?

1-50 rnrnls2

2"10 nmr/s?

2.70 nm/s2
3.30 uo/s2
4.60 un/s2
5-80 nu/s2

Ccr.' thc bound on thc residual crror associated with using data bcyond thc precision
approaclr/approach witr vcrtical guidance time-out.

CionoStcp: the bound on thc diffcrcnce bctwcen succcssive ionosphcric grid dclay
values.

Iiono: ttrc rninimum updatc interval for ionosphoric corrcction messsges.

Ciono ranp: the ratc of change of thc ionospheric corrections.

TISSUDRE: the root-sum-square flag for fast and long+erm correction rcsiduals.

Coding: 0 = correction rcsiduals arc lincady gummed

I = correction residuals arc root-sum-squared

XSSiozo.' the root-sum-square flag for ionosphcric rcsiduals.

Coding: 0 * correction rcsiduals arc linearly summcd

I = correction rcsiduals arc root-sum-squarcd

Ccovariancc: the tcrm which is uscd to compcnsatc for quantizuion effccts whcn using
thc Type 28 mcssagc.

Notc l.- The paranuters ai and tlat are broadcast in Typc 7 mcssagc. Nl othcr
parafictcrs src broadcast ln Type 10 message.
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Note 2 .- If message Type 28 is not broad.cast, Ccovariance is not applicable .

9.9.4.8 Time parameters. Time parameters, whenevcr used, shall be as follows:

UTC standard identifier: an indication of the UTC reference source as defined in Table
B-35.

GPS time-oJ-week count: the number of seconds that have passed since the transition
from the previous CPS rveek (similar to the GPS parameter in 9.5.1.2.6.1 but with a l-
second resolution).

Table B-35 UTC standard ldentifier

UTC staudard
idcatifier UTC staodarrd

0 UTC as o,perated by the Connururicatious Rcsearch

laboratory. Tok-vo, Japan

UTCI as operated by the U.S. National Lrstitute of
Staldards and Teclurology

UTC as operated by the U.S. Naval Obsenatory

UTC as operated by the Intennational Bureatr of Weigfrts
aild Measttres

Resen ed for UTC as operated by a Ewopean laboratory

Spare

UTC uotpovided

2

3

4

5to6

7

GPS week number (week couttt): see9.5.1.2.6.2.

GLONASS indicator: a flag indicating if GLONASS time parameters are provided.

Coding: 0 = GLONASS time parameters are not provided

I = GLONASS time parameters are provided

GLONASS time offset (6ai,GLONASS).' A parameter that represents the stable part of the

offset between the GLONASS time and the SBAS network time.

Note .- Il SBAS does not support GLONASS , 6ai,GLONASS is not applicable.

UTC parameters.' AISNT, A0SNT, t0t, WNt, AILS, WNL,SF, 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.

Nole .- All parameters are broadcast in Type 12 message .

9.9.4.9 Service region paranrcters. Service region parameters shall be as follorvs:
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Issuc oJ data, service (IODS): an indication of a change of thc servicc provided in thc
region.

Number qf service messagcs: the number of differcnt Type 27 SBAS service messagcs
bcing brordcast. (Valuc is coded with an offset of l.)
Service ilcssage numbcr: a sequential number identifying the message within the
currcntly brcadcast set of Typc 27 messages (from I to numbcr of scrvicc mcssages,
coded with an offset of l).

Numbcr of rcgions: the number of service rcgions for which coordinates are broadcast in
thc message.

Priority codc: sn indication of I messagc precedence if two messages definc ovcrlapping
regions. The message with a highcr value of priority code takcs precedence. If priority
codes are equal, the message with the lowcr 6UDRE takes preccdencc.

6UDRE indtcator-insidc.' an indication of rcgional LJDRE dcgradstion factor (6LDRE)
applicable at locations inside any region dcfincd in the mcssagc, in accordancc with
Tablc 8-36.

6aDRE irodicator-outside: an indication of regional UDRE dcgradation fBctor (6UDRE)
applicable at locations outside all regions defined in all current TyW 27 messages, in
accordancc with Table 8-36.

Coordinata latitude: the latitude of onc corncr of a region.

Coordinata longitudc: the longitude of one corner of a region.

Region shapc: an indication of whether a region is a triangle or quadrangle.

Coding: 0 = trianglc

I = quadranglc

Notc 1.- Aoordinate 3 has Coordinatc I latitudc and Coordinatc 2 longltudc. [f rcgion
is a quadranglc, Coordinatc 4 has Coordirutc 2 latitudc and Coordinate I longiude.
Reglon boundary is formcd by joining coordinates in thc scqucncc 1-2-3-1 (trianglc) or
1-i-24-l (quadranglc). Boundary scgmcnts hsvc cither constttt lotttude, coruttzut
longitude, or constcut slopc in dcgrccs of lailudc pcr degrcc ol longitudc , Thc changc in
latitudc or longitudc along any boundary segmcnt bctwcen two coordinatcs is lcss than
*lN dcgres.

Note 2,- Nl paramcters are broadcast tnTlpe 27 mcssage.
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Table B-36 6UDRE indicator evaluation

6UDRE iodicats 6UDRI

9.9.4.10 Clock-ephemeris covariance ttutrix paramelers. Clock-epherneris covariance

matrix paranreters shall be as follorvs:

PRN mask number: see 9.9.4.1.

Scale exponenr.. A term to compute the scale factor used to code the Cholesky

factorization elements.

Cholesky lactorization elernents (Eil).' Elements of an upper triangle matrix rvhich

compresses the information in the clock and ePhemeris covariance matrix. These

elements are used to compute the user differential range estimate (UDRE) degradation

factor (6UDRE) as a function of user position.

9.9.5 DEFINTTIONS OF PROTOCOLS FOR DATA APPLICATION

Note.- This section provides definitions of parameters used by tlrc non-aircrafi or
aircraft elements tlnt are not ffansnilted. These palameters, necessat), to ensure

interoperability of SBAS, are used to determine the navigation solution and its integrity
(protection levels).

9.9.5.I GEO POSITION AND CLOCK .

9.9.5.1.1 GEO position estinnte.The estimated position of a GEO at any time ,k is:

I
I.l

1.25

1.5

2

3

4

5

6

8

l0
20
30
40
50

t-@

0
I
2

)
4

5

6
7

I
I
l0
It
l2
l3
l4
li

ffi]=t*t*[I.]r'."""r** [t ] 
r,*. *"r'
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9.9.5J.2G8O clock correction. The clock correction for a SBAS GEO satcllite i is
applied in accordancc with the following cquation:

t=h_Atc
wherc

t = SBAS network time;
to = GEO codc phase time at transmission of message; and

Ato = GEO code phasc offset.

9.95.1.2.1 GEO code phase offset (Atd at any time, is:

Ato = soo + aon (t - toaeo)

whcre (t - toors) is conected for cnd-of-day crossovcr.

9.9.5.2 I,ONG.TERM CORRECTIONS

9.9.5.2.1AP5 clock cotcction The clock corrcction for a GPS satellitc i is applicd in
accordance with thc following cquation:

t = tsv,r- [(Ahv)r.r + 6Atr"1]

whcrc

t = SBAS ictwork time;
kvi = the GPS *atellite time at transmission of message;
(Atcrrr", = the satcllite PRN codc phasc offsct as dcfincd in 9.5.2.2; and
6At"r, = thp codc phasc offsct correction.

9.95.2.1.1 ttc codc phasc offsot corection (64k , for a GPS or SBAS satcllitc i at

any time of day r1 is:

oAqrr= 6qp+ 6q, ([ - t.rr)

9.9.52.2GLONASS clock corrcction. Thc clock concction for a GLONASS gatellitc i is
applicd in accordancc with thc following equation:

t= twJ * rJtr) - y,(tJ(tsvl - h) - 6Atsri

whcre

t = SBAS nctwork
(rvr = thc CLONeSS satellitc time at transmission of mcssage

h, ln(tJ, Y'(tJ = the GI,ONASS time Peramctcrs as dcfincd in9,6.2.2
6Atsy, = thc codc phasc offsct correction

The code phasc offsot corrcction OAtSVi for a GLONASS satellite i is:
6At"", = 6auD + 6q6(t - tr-ut) + 6arororr o
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where (t - t111) is corrected for end-of-day ctossovcr. If the velocity code = 0, then 6nr, =
0.

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

H] congted

= 
Hl 

. 
HIl. [i{]u-,-,

where
(t - tirr) is corrected for end-of-day crossover; and

[xi yi zi]r = the core satellite constellation(s) or SBAS satellite position vector as defined
in 9.5.2.3,9.6.2.3 and 9.9.5.1.1.

If the velocity code = 0, then [6xi 6yi 64]r=[0 0 0]r.

9.9.5.3 Pseudo-range cotections.The corrected pseudo-range at time-l for.satellitei is:

P&c*na- PRi+FCi + RRCr (l -tiof) +ICi +TCi

*tcrr

PRi

rci
RRq
rq
TCi

tor

fre masured peudormge aio applicatior of fte satellite clock conctioni
the fast conctio;
tbe rmge rate conectioo;
fre imosphsic cmrcctioq
the Eopospheric conection(ncgative rnlcrepeseoting the trcposphoe &lay); aut
6e time of appliobilityoftbeomtreceot fastcsreclius, r6id is thc sut of fte epoch of 6c S}ITsecmd

Itrt is coincidmtlith frc Fasurisrim at thc SBAS satellite offie frst synbol of tteorsage bbdc

9.9.5,4 Range rate corrections (RRC). The range rate correction for satellite i is:

tlo(- tlof_prEvi,oui
ifa,1*0

R.R,CI =
0, fai =0

where
FCi*n, =
FCir.ri*
tipr

tiof-prc"ior

ai

the most recent fast correctiolt;

= a prcvious fast correction;

= the time of applicability of FC,**n,;
= the time of applicability of FC;-*",.; and

= 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 ionosphcric piercc point (lPP).The location of an IPP is defincd to
be the intersection of the linesegment from the receiver to the satellite and an
dlipsoid with constant hcight of 350 km abovc the WGS-84 ellipsoid. This
location is dcfined in WGS-S4latitudc (gpp) and longitude (l,pp).

9.9.5.5.2lonosphcric corrections. The ionospheric concction for sarelliE i is:

lCl = - frr.*
wherc

Fm : &liquityfactor:ff - (S'o'ral-z'[ \R"+\ / I
r,re = intcrPolated vcrtical ionosphcric dclay estimatc (9.955.3);
Rc=6378n1363km;
0i = clevathn angle of satctlite ii and
hr = 350 krt.

Nota.- For GLONASS satcllites, the ionosphcric corrcctior, (ICt) is to bc muffiplicd by
thc square olthe ratio of thc GIONA.SS to thc GPSfrcqucncics (FtONl,SStfrPS)2.

9.9.5.5.3ln$rpolatcd vertical ionosphcric dclay cstbnatc. Whcn four points arp used for
intcrpolation, thc intcrpolatod vertical ionosphcric delay cstimate at latitudo
0. md longitudc I- is:

I
- -F'tn=|tilt*

bl

nndc

rr: fu hrudca$ gid pid Erlfuel dchyvrlas rtfrc Pcmoffo IGP gid, s sbmfu ftSrc El3.

Wr-rr)th
$-(l-tJrr
s,r-(l_tJ(l_il;d
Wr-rr0-$.
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9.9.5.5.3.1 For IPPs betrveen N85" and S85"

wherE

i1 = longihrde of the semnd IGP to the erst ofthe IPP;

hr = longrhrde of the secoud IGP to the west of tlr IPP;

[r = longitudtof the dosestlGP to the wtst ofthelPP;ad

),r = longrtudr of the domst IGP to tln eas of the IPP.

Note.- lfL I andL2 cross 180 degrees oflongitude, the calculation oJxpp ntust account

Jor the discontinuity in longitude values.

9 .9.5.5.3.2 For IPPs north of N85o or south of S85o

rr _ lq,ol-ns'
rpII .L0.

u=\f *(t-zv*)+v,,

**=H*(r-zyrr) +y*
rvhere

It = louginrde of tlre second IGP to the east ofthe IPP;

),: = lougitude of tlre secoud IGP to the rvest of the IPP;

Ir = longinlde of the closest IGP to the rvest of tlre IPP; and

Ir = longinrde of the closest IGP to the east of the IPP.

When three points are used for interpolation, the interpolated vertical ionospheric delay
estimated is:

I
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9.9.5.5.3.3 For points between S75o and N75'
3

ropp:f i4!t.*.
I=t

fi{rere

Wr: Ipp.
W1:l-xpr-ym;ald
\[,:: &p.

9.9.5.5.3.4 xpp and ypp are calculated as for four-point interpolation, except that ). I
and Ql are always the longitude and latitude of IGP2, and )r2 and S2 are the
other longitude and latitude. IGP2 is alrvays 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).

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

9.9.5.5.4Selection of ionospheric grid points (lGPs). The protocol for the selection of
IGPs is:

a) For an IPP between N60o and 560o:

I ) 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 "l" in the IGP mask, they are selected; else,

3) if any four IGPs that define a l0-degree-by-IO-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 l0-degree-by- lO-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 560' and S75":

l) iffour IGPs that define a 5-degree-latitude-by-10-degree longitude cell around
the IPP are set to "l" in the IGP mask, they are selected; else,

2) if any three IGPs that define a 5-degree-latitude-by- l0-degree longitude triangle
that circumscribes the IPP are set to "l" in the IGP mask, they are selected; else,

3) ifany four IGPs that define a l0-degree-by-I0-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 l0-degree-by- l0-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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c) For an IPP bctween N75o and N85o or bettveen S75o and S85":

I ) if the tlvo nearest ICPs at 75' and the two nearest IGPs at 85" (separated by 30"

longitude if Band 9 or l0 is used, separated by 90o otherwise) are set to " l " in
the IGP mask, a l0-degree-by-10-degree cell is created by linearly interpolating
between the IGPs at 85o 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':

I ) if the four IGPs at N85" latitude and longitudes of W I 80" , W90o , 0" and E90o

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':

l) if the four IGPs at S85o latitude and longitudes of Wl40', W50o, E40o and

El30' are set to " 1" in the IGP mask, they are selected; else,

2) an ionosphCiiE correction is not available.

Note.- Tlris selection is based only on the inJormation provided in the mask, without
regard to whether the selected lGPs are ntonilored, "Not Monitored", or "Do Not Use".
If any oJthe selected IGPs is identiJied as "Do Not Use", an ionospheric correction is

not available. Il four IGPs are selected, and one of the fow' 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:

HPhs=
Kpplxdr4* for en-routr lhru{h mfmci$oo appffid [,:'lPA) nrcdts

K1rrxd.,,q for prcunm 4pmch (PA) ad ryroach with \'6tcel $xdaffe (.qIU Dodrs

VPLss=K1'11 x ('

$tffe

d$=H, {rof = yaixsce 0fn0&l distdbuimhatovatonds[e hr enmdistnbulim irt[e v'strcal rus:

d6ryr= @
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ntrE

a!= Xh *d = nriart of mdct dirrrtnio rid ortrbod 6c mrc ar6 dilrrtrtir il 6c r aris;

4= Et, Sol - wiuc of nrodd disuihniu tat owrbnro& 6c mr cnc dinntnio in ea y aris;

U.,=E rrSfd -mwi cofmdcldirtfurinhhexdysb;

$.n

*i - 6c Flial ddiy.tirrc of poetirn tru in thc xdimtin Ei6 rq.d b fado+qc cnr o tb I
srtclilq

11 - 6, purial daivrtiw of pcitil aru ia 6c y{irctioo nith rcrycC lo peanb*qc aa o tb ii
eldlitq

\,1 - 6c portial duiraiue of po$ln umr b fu ?crdol diftclio wih nqtct m pecudor&gc qru m the F
srdlik;ud

dr - du+d16+d16+d1-.

Tbv{irncledtteoAdl66 ur aUoclh 3.5.5.6.2 aid 3.5.5.6.3.1. Thcpru{or (dr.taAdrorJ an ettrnilcdby
tu dtn0.lF'.( (3.5.8.4.2 d 35.8.4.3I

Tbrdyuerm de&cd b bch6. hcd tdirohl dlE, adth( vuis rqe*fr hc.t Eti(rt

fo a gcnl laC<Eart psitim mtutioq thplojecliourir S is:

ftr S.r - Su'1

'=[il il IilJ=
rtm

q - [<gq cs Azi-coeEdtAa-sirEl ll-f rvrofG;

(0txlVxGftxGlxW

fwro'-ol
lo w, .- ol

t; ':;l'lft=

E - tudrnlimrghdtcilEd0gsorrcc@&$n);
Aq - fu air6 of fu fuagfug surc Ehr crnoFdod$irc too fu r ub ia dc;lEq d
Et - 6eiffi[cscigltrtaietedwithsalellhr-ar.

Note l. Tlu varianccs (ons and ouqrc) arc dcfincd in 9.95,62 and gg563.t. The
parancters (oan and ou,,+) arc dctcrmincd bythc aircrafi elcmcnt (9.9.8.4.2 and
9.9.8.43).

Notc 2,- To lnprovc rcadability, thc subscript i was omittcd lrom thc protcction
natrix's cquation.
Note 3.- For an unwcightcd least-squarcs solution, the wcighting matrk is an idcntity
matrix(wi = 1).

9.9.5.6.1 D$nition of K valucs. The K values arc:
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Knnp-t:6.18'

Kryr-L:6-0: rod

Kvor:5-3i-
9.9.5.6.2Definition of fast and long-ternr correction error model.lf fast corrections and

long-term correctior/GEO ranging parameters are applied, and degradation
parameters are applied:

r - [[(o,r*)(qru)+er+e*+e1,te*]2, siRSSr,rns=0(Mesagel]pe l0)

'''ot - 
l[(0,,**r)(oru)]' * e31* e3,r, * 0?p, *ez.r, siKSSlpx3 = I (Mesage l]pel0)

where
if using message Type 27 ,6uppr is a region-specific term as defined in section 9 -9 .4.9 ,

if using message Type 28, 6up1r is a satellite-specific term as defined in section
9.9.s.6.2.s,
if using neither message, 6gpx6 = l.
If fast corrections and long-term corrections/GEO ranging parameters are applied, but
degradation parameters are not applied:

o2in, = [(oi.uone) (6ro"j + 8m]2

9.9.5.6.2.1 Fast correction degradation The degradation parameter for fast correction

data is:

.a(t-til,+ltut)'2
e._Ltc 2

Where

t = the current time;

t = (UDREIi reference time): if IODFj *3, the start time of the SNT l-second epoch that

is coincident with the start of the transmission of the message block that contains the

most recent UDREIi data (Type 2 to 6, or Type 24 messages) that matches the IODFj of
the fast correction being used. If IODFj = 3, the start time of the epoch of the SNT l-
second epoch that is coincident with the start of transmission of the message that contains

the fast correction for the ith satellite; and

trnr = (as defined in9.94.7).

Note.- For UDREs broadcast in Type 2 to 5, andType 24 messages, tu equals the tinre

oJ applicability of the Jast corrections since they are in the sanrc nrcssage. For UDREs
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broadcatt in Type 6 message and if the IODF = 3, ta also equals thc timc olapplicability
of the latt corrcctions (tOf). For UDREI broadcwt in Typc 6 mcssagc and IODF * 3, tu
is dcfincd to be the time of tansmission of thc first bit olTypc 6 mcssage at tk GEO.

955.6.2.2 Range ratc correctiofi dcgradation

9.9.5.6.2,2.1 If the RRC = 0, then Enc = 0

9.9.5.6.2.2,2 If the RRC * 0 and IODF * 3, the degradation parameter for fast
correction data is;

0 $i0mf,r-Iffis")li{003= I

t={f*}) 
mr, si(r0'--ffi3riroD3 * r

9.9.5.6.22.3 If RRC * 0 and IODF = 3, the degradation parameter for range rate

data is:

'r lat-$l= o

(t-tod, st lafl*o
Eft!-

t-p.*l
u,tgr

t=
IODrcr -
IODFlrnrr -
Atr
It

thcorrclttir;
IODF associeEd $i6 d rcocd eg currcliqu
IODF associahd wilt previar Asn cctfftioq,
[c-tstrr"ra; ad
6e ucr tim"out idcfval ftrfist cuttric.

I-o ng - t crm co rr e crto n de gradation

Core satellite constcllation( s)

For velocity code = l, thc dcgradation paramctcr for long-term
corrections of satcllito i is:

9.9s.6.2.3

9.9.s.6.2.3.r

9.9-5.6.2.3.1.1

*-=l- - ,^0, .iftur<t<hr+lr_*r* - 
lh * * h_0, nux (0,h - tt - t+T - h-rr), oterdse
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9.9.5.6.2.3.1 .2 For velocity code = 0, the degradation Parameter for long-term

corrections is:

,*=q,.*FoJ

utere

t = theamenttirue:

trr = th€ tiue of rarsolissiotr of he frst bit of the long{un corectioo uersage at tle GE0; aud

[r] = the greatestiutegerlessthan.r.

9.9.5.6.2.3.2 GEO satellites. The degradation parameter for long-term corrections is:

^_f 0, .ifh.eo<r<[eo+lcro
Ete = 

[cr,o-rrr 
* cr.o_, [&T (0,h6g - [t - h,eo - lpo), otlrerwise

where t = the cunent time

Note.- When long-ternt corrections are applied to a GEO satellite, the long-term
correction degradation is applied and the GEO navigation ntessagc degradation is not
applied.

9.9.5.6.2.4

*={,0;,

Degradation Jor en-route through non-precision approach

if neifru fut nm long.ternr ctnufioos have fimd orl for pnrision qpomh/apoath *ih vutical gldame

if fest or loug{emr conectims hve timd oul for precisiot rymachhpomh n'it[ verticd gudmce
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9.9.5.6.2.5 UDRE degradation lactor calculated with mcssage Type 28 data. T'he

6UDRE is:

ouonr-.FEi*+
qrhcrt

I
HI

IE]-
RT.R

(Lrum. SF

2dE-E
E.SF

9.9 S.ffi hrtnition of lonosphcric Corrcction Error Modcl

9.9.5.6.3.1 Broadcast lonosplurtc colrccrtons.If SBAS-bascd ionosphcric conrctions
are applied, o2or* is:

o2ulRg=F*xdunB

whcre

Frp = (as defined in 9.95.5.2);

o$rrs = E"'=r Ifrr. - a*,-oyu oro$rE = E3=rlil[,. .6*J*osr'

using the samc ionosphcric piorco point weights (Wn) and grid points selected for thc
ionoapheric corrcction (9.95 5).

tlc uoit rr*t6 Goa 6c rs ro th $teltirc i[' 6c WGS-84 EqEF c@dioG Gac

c
ac

SF

R

E r"***r]lO O E*r Ear
[o o o E{*
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If degradation parameters are used, for each grid point:

rvbcrc

em= coo-*P [f*] * c;-"-"*{,-,*),
I - dlc cluraltt lillrc:

ti* = the titne of hnusrnissiou ofthe fust bit of the iorrospheric corection Dlessage at the GEO: nnd

[r] = thegreltestintegerleiitheu.r.

t = the current time;
tiono = the time of transmission of the first bit of the ionospheric correction message at

the GEO; and

[x] = the greatest integer less than.t.

If degradation parameters are not used, for each grid point:

o :o
n,lonogrld n,GIVE

Note.- For GLONASS satellites, both oo*rand ek eParanatcrs are to be multiplied by

the square of the ratio oJ the GLONASS to the GPS lreqttencies ffGLONASSIGPS)2.

Ionosphetic coffections.If SBAS-based ionospheric correctiotls are not aPPliEd" 6:lL-tru is:

-r - lk** + r,ono)2, if RSSlooo = 0 Crype l0 luessage)
uhJono3rld - (o16ry, + ,l;"", ifRsshno = t(Type l0rlessage)

q* =*{F, )"1r,,.r.,.)'}
Tio* = the ionospheric delay estimated by the chosen model (GPS correction or other

model);
F,o = (as defined in 9.9.5.5.2);

(s ur, oslqrol < zo

r*en = { +.5 nr, zo<lqppl < 55;y

(.t* ss<loppl
6pp = latitude of the ionospheric pierce point.
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9.9.5.6.3.2 lonosphuic corrections. If sBAS-bascd ionospheric corrcctions arc not
applied, oTUIRE is:

"a*-** {(+)',(r,,,-*)J
,vtrerc

I* = $" loogehcric &hy cstimarcd by thc chosan llodcl (CPS corncctim or ohcr rm&l):F* * (as dcfoed in 3.5.5.5.2):

[s nr, osJOFl < zo
r** - J+.s m, zo<lqpl s ss;y

(o m, ss<leppl

h = lntinrdcoffteiorosphcricpierccpoiur.

9,9.6 MESSAGE TABLFS

Each SBAS me$age ehall bc codcd in accordance with the correspondiug message
format defincd in Tables B-37 through B-53. All signed parametcrs in thosc tables shall
bc rcprcscnted in two's complcment, with the sign bit occupying the MSB.

Notc.- The rangc tor thc slgncd paramcters is smallcr than fudicatcd, as the maximum
positive wlue is constraincd to be one value kss (thc indicatcd value minus thc
resolution).

Tablc B-37: Type 0'Do Not Usc- mcssage

Dastur BfuE d Rra;ofvrlna lahim
Sparc 212

Tablc B-38. Type I PRN mask message

Dacoarlt Bbui.d Rs3:ofrrhl Egdrix

For eachof 210 PRN codc ndcs
lvfa*Wlue I

IODP 2
0or 1

0b3
I
I

Note.- All paranutcrs arc dcfined in 9.9.4.1
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Table B-39. Types 2 to 5 fast conection message

Dilr mEt6t Eits BGd Rugr ofmtrux Rerolutioa

IODFl
IODP

2
2

12

4

0to3
0to3

For l.l slols
Fast conectioo @Cf

For 13 slots
LiDREI.

=256.000 m

(see Table B-29)

Notes.-
I . The parameters IODFj and FCi are defined in 9.9.4.4.2
2.?'he parameter IODP is defined in 9.9.4.1 .

3 . The parameter UDREIi is defined in 9.9.4 5 .

Table B-40. Type 6 integrity message

0.125 nt

(see Table B-29)

Drt sErEt Birs Es.d Ralr ofrzture Rsoluuor

IODFr 2
IODF; ?

IODFJ 2

IODFs 2

For 5l satellites (udcred byPRN al.lsk otllt$er)
LIDREIi 4

Oto3
0to3
0to3
0to3

(seeTableB-?9) (seeTahleB-29)

Notes.-
l.The paratneters IODFi are defined in 9.9.4.4.2
2.The parameter UDREIi is defined in9.9.45

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

Dalr couhat BiEEcd R:qtofrzluer Rrsolutiou

Sy'$enrlatency(t6) 4

IODP 2

Spue 2

For 51 satellites (ordered by Pfu\ unsk nun$u)
Degradation frtor hdicator

(atJ 4

Notes.-
l.The parameters tlat and aii are defined in 9.9.4.7
2 . The parameter IODP is defined in 9 .9 .4.1 .

0to15s
0to3

ls

(sec Table 834) (see Table B-34)
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Tablc B-42. Typc 9 ranglng function massagc

Dh€d Bbnsd Bajrofrzls Rraolrtio

Rcscnrcd

hm
UR.A

8

l3
4

30

30
25

l7
17

t8
l0
l0
l0
t2
8

&
Y6
k
&
Ye

h
&
tc
?*
aco

a@

0 to 86 384s
(*cT*leB-26)
r42 949 6R m
*42 919 6R ar
*6 710 886.4 u
*40.96ds
140.96ds
+524288 m/s
*0-ffi64o/si
{0.0064!ilsl
i0.032n#
$9537x lds
*1.1642 x t0-to s/s

16s
(sceTableE2Q
0.08 m
0.08 m
0.4 m
0.000625 mis

0.000625 or/s

0.004r/s
0.0000125 u/sr
0.0000125 e/s3

0.0000625 m/d
rJl s

2as/s

Notc.- All paranctcrs arc dcfined in 99.4.2.

Tablc B-43. Type l0 degradation paramctcr mcssage

Decoe IliBE d Rrr.oarzfr Rsohio

L
Crlo
Ct, tr
[t rt
Gl to
Iu'o
Cpl,r
cpo
L
c.
Crt
Ib.
Q-t
RsqEtE
nSsro
Cd..
Sparc

0.002o
0.0Gln
0.O0O5ds
ls
0-fi)2lt
lr
0.0005m
O.fi)fil5ds
1s
0Jm
0.001 o
ls
0.000005 nr/s
I
I
0.t

l0
10
to
9
t0
9
10
10
9
6
l0
9
l0
1

1

7

81

Oto2.(Xda
Oto2.fi6m
0b0.05115 odc
0to5tls
Oto?-o'l{im
0ro 5ll s
0to 05115 m
Oro 0-05115 ds
0to5Il s
0io 31.5 o
Oto 1.O23 ar
0to51ls
0 ro 0.0051 15 o/s
0cl
0q1
Oto 12.7

Notc .- All paru.me tcrs arc defincd in 9 .9.1 .7 .
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Table B-44. Type l2 SBAS network time/UTC message

Drlr aortu[ Bigusd Eugeofrahres fusohdm

Ar*m

rlsl,r
tot

\W
Atus

\[5\irs
DN

Atrsr

UIC standard identifier

GPS tim+tu.rek (tOW)
GPS week nunrbu (\lIN)

GLON.,:uSS indicalor

6aic,rcx-rss flote 2)

Spue

17.45 x lOa s,,'s

:ls
0t060?112s
0 to ?55 uwb

=123 
s

0 to 255 u'€elc

I to7 rhp
-128 s

Gee Table B-35)

0 to 604 799 s

0 to I 023 wedss

0orl
r2.0 ld s

2-s sh

2-r s

4096s
I rtet
ls
I w'edr

I day

ls
(see Table 835)
ls
I week

I
2.0' 10-lls

24

32

I
I
I
I
8

I
3

20

t0

1

24

50

Notes
I . All paranreters are defined in 9.9 4 .8.

2. Applies only if SBAS sends GLONASS timing information in message Typc 12 (see

9 .9 .7 .4 .4, Timing data) .

Table B-45. Type 17 GEO almanac message

Drr c@ttat Bitr srd Ralr ofnlue Rmlurio

For each of 3 satelliles

Rr*rved
PRN codc nwnber
Heilth alrd staNs
Xcrr
lG.r
ZG

fo.*
Io
4^

L'--- (applies to all tbree satellites)

Note.- All parangters are defined in 9.943

?
I
8

15

15

9

3

3

4
ll

0
0 to 210

+42 598 400 nr
+42 598 400 nr
+6 656 000 or

:,{0 nr/s
g40 ufs
+480 aris

0to86336s

2 600 nr
2600m
26 000m

l0 m/s
l0 or's
60 oils
64s
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Tablc 846. Type t8 IGP mask message

hutaar Eibqd fa1rofnfra Eroldnn

}fuScrofIGPbrn&
IGDbroilirhiicr
Isst of dah - ioosphcrc (ODQ
Ffi1OI IGPS

IGPmaskvahrc
Sp6a

I
I
1

4
4
2

I
I

0to ll
0tol0
0to3

0ul

Notc .- All paranutcrs arc dcfincd in 9 .9 .4.6 .

Table B47. Type 24 mixed fasUlong-term satcllite cmor corrcction message

Dirq.!hd Bit:nsd B:lrrr ofrdur

l

XrtolJo

Fqd slots
Fert conxtior (FCi)

Fudebts
uttREIi

IODP
Fast cuectim typc idratifier
roDFj
Sare
Tlpc 25 [alf-ussagc

*256.000 m

(sce Table&,31)
0to3
0to3
0to3

0.125 m

(seeTrbhe3l)
1

I
I

t2

4
2
2
2
4

l06

Notcs.-
1 .Thc paramctus fast corrcction type idcntifier, IODF|, and FCi arc d,cfincd in

99.4.4.2.
Z.Tlu parb,mcter IODP is dcfined in 9.9.4.1 .

3.Tlu par*mct* UDREIi is dcfincd in 9915.
1,The long-tcrm satcllitc error corrcction mcssogc b dlvidcd into two lmlf-ncssages.

The luffmcssagcfor a
vclocity codc = 0 is dcfincd inTablc B-48.Thc lvltmcssage tor avcloclty codc = I is
dcfucd kTablc 849.
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Table B-48. Type 25 long-term satellite error corection half message
(VELOCITY CODE = 0)

Drtr mrtrat Birs ed fuagr of r:hn: Rr:ohrlin

ltlocih C:ode:0
For 2 Satellites

PR\ onskntuuber
Isrue of data (IOD)
oxi

'it'i
6a
,5auu

iODP
Spare

1 0

0to 51

0 to 25-5
*l? ru
+32 ur
*32 m
t242 s
0to3

I

I
I

0.125 or
0.125 rn
0.125 nr

?-31 s

I

6
I
9
I
9
l0
2
I

Notes.-
I . Tlrc parameters PRN mask number and IODP are definecl in 9 .9 .4.1

2 . All other paranrcters are defined in 9 .9 .4 .4.1 .

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

Drtr sEtEr Bits crd Ropofrzlw Rcduion

For I Satellite
Velocity Codc = 1

P&\rnskounrbu
Isse of (rta QOD)
sxi
6Y1

,5a

dar.rr

6&
6Y!

64
,dain

Tilrot'-applicabilitv (tirr)
IODP

I
6
8

tt
l1
11

11

I
I
8

8
t1
2

I
0to5l

0 to 255
*-128 or
+128 m
s128 or
+?-:l s

rO.0625 nrrs
+O.0625 nris

=0.0625 n/s

=2-3: 
ss

0toS6384s
0to3

t
I
t

0.125 m
0.125 or
0.125 m
Ill s

2-ll m/s
2-u OtS
2-ll ors
2J9 srs

16s
I

Notes.-
I . The parameters PRN nrra,sk number and IODP are definecl in 9 .9.4 .I
2. All other parameters are defined in 9.9.4.4.L
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Table B-50. Type26 ionosphcric dclay message

f,hhcolllr Bit !e.d IoSr ofnhro lshio

IGPhdidadfct
IGDblo*ilFfifilr
Frcrchof !5 tdd poim

ICrPwtid&laycuimh
Grid iotrtaic vlrtical crr iuficrtr (Gil@)

roD[
sprr

Notc.- All paramcters are dcfincd in 99.4.6.

Tablc B-51. Type 27 SBAS scrvice messagc

4

4

9
4

2
't

0to 10

0b 13

0 to 63.875 o
(seeTeblcB33)

0to3

0.125 o
(ecT$lcB33)

I

f,hhootu BibEd Rlltr ofrzhrr Xrohb

Isoc ofdaa, scrvice (IODS)
Iftulbcr of scrvict rncsages
Scviccucsage ordcr
ldto$crqfrcgioc
Priority codc
SUDRE ir6icator-imidc
6IJDRE iadicatc-c$ide
Foreachof 5 rcgios

Coordioarc I letihdc
Cotrdiratc I lo4gitndr
Coordilatq 2lilihdc
Coodiute 2 loogitnUc

RESioosbrye
Spare

l*rn-.|il 1tcla t ct d(bd h t t-,*9.

3

3
3
3

2
4
4

8
I
8
I
I
t5

0to7
ItoB
ItoS
Oto 5
0!o3
0tot5
0lo l5

I
I
I
I
1

I
I

Jco"
*18f
JeOo
*180"

1"
1"
1o

:

I,lote,- All paramcters are dcfincd in 9,9,4,9.

Table B-52. Typc 63 null mcssagc

hrr6otul Bilrurrd lr1pofnhr Iaduln

sp{t 212



2246 Kenya Subsidiary Legislation, 20 I 8

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

Data conlent BiE ueed Xuge ofl'eluu Resolutioo

IODP
For two safellites

PRNnuskuuuber
Scale eriporeat
Err
EL:
F-.
'5)
E+,s

Em
Ers
Et.+

E:;
Er.q

Er:c

0to51
0to7

0 to 5i1
0 to 511

0 to 5ll
0 to 5tl
*512
-512
-572
*513

+512
+i12--- -

l 0to3 I

6
3

I
I
o

I
l0
l0
10

t0
10

l0

1

I
1

I
I
I
I
1

I
I
I
I

Notes.-
I . The parameters PRN mask number and IODP are defined in 9.9.4.1
2. All other pararneters are defined in 9.9.4.10.

9.9.7 NON-AIRCRAFTELEMENTS

Note I .- Depending on the level of service offered by a particular SBAS, different

functions can be implenrented as described in these regulations,

Note 2.- The pararreters thot are referrecl to itt this section are defined in 9.9.4.

9.9.7.1 GENERAL

9.9.7.1 .l Required data and broadcast intervals. SBAS shall broadcast the data

required for the supported functions as shown in Table B-54. If the SBAS
broadcasts data that are not required for a particular function, the requirements
for that data supporting other functions shall apply. The maximum interval
between broadcasts for all data of each data type provided shall be as defined
in Table B-54.

9.9.7.1.2 SBAS radio frequency monitoring. The SBAS shall monitor the SBAS
satellitc parameters shorvn in Table B-55 and take the indicated action.

Note.- SBAS may broadcast null messages (Type 63 messages) in each time slot for
which no other data are broadcast.
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9.9.7.1.3 "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 nruximunt Doppler shift corresponds approximately to the maximum GEO
satellite orbit ittclinatio,, that can be supported by the coding ranges for Type 9 and Type
l7 nessages.

9 .9 .7 .l .5 Geostationary orbit (GEO) ranging function parameters (defined in 9 .9 .4.2).

Note.- It is necessary to broadcast geostationary orbit ranging function pat'ameters
even when a ranging Junctiort is not provided, so that airborne receivers may intplenrcnt
a positive identificatiott of tlu broadcasting SBAS satellite. When ranging is not
provided, tlrc accuracy of the Type 17 data (and Type 9 data) only needs to support the
acquisition of the satellite.

9.9;l .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 12l0
Hz.

9.9;l .1.6 Almanac clara.Each SBAS satellite shall broadcast almanac data (defined in
9 .9 .4.3) for all SBAS satellites of the same service provider.

9.9;l .1.6.1 The error in the estimated position of the satellite derived from any Type 17
message broadcast within rhe 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.

9.9.7.1.6.4 SBAS shall not broadcast almanac data for any SBAS satellite from a
different service provider for which the position estimated from the almanac
data broadcast within the previous 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 .l .6.5 Where the estimated position of a GEO satellite providing a ranging function,
derivcd from the Type 11 message broadcast rvithin the previous 15 minutes,
is rvithin 200 km of the position of another GEO satellite of the same service
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provider, derived from a Type 9 message for this GEO that has not timed out,
the GEO UDRE value shall be set sufficiently large to sccount for the

possibility that a user could misidentify the PRN of the GEO providing the

ranging function.

9.9.7.1 .6.6 The health and status parameter shall indicate the satellite status and the

service provider identifier, as defined in 9.9.4'3.

9.9.7 -1.6.7 Unused almanac slots in Type 17 messagcs shall be coded with a PRN code

number of "0".

9.9.7.1.6.8 The service provider shall ensurc thc corr€ctncas of the scrvice provider ID
broadcast in anY almanac.

9.9.7.2 Ranging Junction.If an SBAS provides a ranging function, it shall comply

with the requiremcnts containcd in this scction in addition to the requircments

of 9.9.7 .l .

9.9.7.2.1

E.93.22

9.9.7.3

Pe rformance requirements

Ranging function diita. SBAS shall liro-adtast ranling fiinlfion data s'uch that

the SBAS satellite position error projectcd on thc line-of-sight to any user in

the satellitc footprint is less than 256 mctres. Each SBAS satcllitc shall

broadcast a URA reprcsenting an estimate of the standard deviation of the

ranging crrors rcfcrenccd to SNT.
GNSS satcllitc status fiunction If an SBAS providcs a satellite status

function, it shall also comply with the requircments containcd in this section.

Notc.- An SBAS may be ablc to provide integrity on somc GPS satcllites that are

designated either margiral or unhcalthy.

9.9.7.3.1 PerJormance of satellite status functions. Givcn any valid combination of
active data, the probability of a horizontal error cxceeding the HPLSBAS (as

defined in 9.9.5.6) for longer than 8 consccutive seconds shall bc less than

l0-7 in any hour, assuming a user with zero latency.

Notc.- Active data is dcfined to bc data that have not timcd out per 9.9.8.1 .2.This
rcquiremcnt includes core satellitc constcllation(s) and SBAS tailurcs.

9.9.7.3.2 PRN mask and Issue oJ data - PRrV (IODP). SBAS shall brcadcast a PRN

mask and IODP (Type I message). The PRN mask values shall indicate

whether or not data are being providcd for each GNSS satellite. The IODP

shall changc whcn thcre is a change in the PRN mask. Thc change of IODP

in Type I mcssagcs shall occur before the IODP changcs in any other

message. The IODP in Type 2 to 5,7,24,25 and 28 messagcs shall equal thc

IODP broadcast in the PRN mask mcssage (Typc I messagc) uscd to

designate the satellites for which data are provided in that message.
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Table B-54. Data broadcast intervals and supporrcd frrnctions

lfirim
bm&.*
iatcnd

(IBS Ihic
(fr'tllfl
cotclitr

Pil.ir
dftndfl
G{t!cli{

.Asocitd
Ei.{l
tFDutF

r*Etnoee rtlnr

Clo*-Ephmril cordaocc nurir
SBAShE*Ddc
PRNE*
I,DREI
Fast corcctioor

Loog+rn tomctioor
GEO nogiqg 6ncde&ti
Fast condoa dlgrsdlrioo
Dcgr.ddioprr.ctcrs
hoolphnicgidnrct
IooataiccuccdogCnE
Tiuing&n

Ah!.c&h
Scrvichrd

R

R R R
(relfor$ Gccilotr0 (sccibreJ) (rctfrrr0

RRRR300 r
300 s

9.2.4.45 monitor for
wavcform distoftion

9.9.2.t N/A

(noe 3)

99.24 N/A
(noc 3)

120 s

6s

120 s

6r
w

(rcolYoh 4)

120 s

120 e

120 s

120 s

300 s

300 s

3Ss

R

R
R

R
Rt
Rr

Rr
R
Rt

R
R
R

R

R
R

38

0

I
2toC24
2 to 5,24

24,?5

9
1

l0
l8
?6

12

t7
27

Notas.-
I. "R" irdicatcs that th. data must bc broadcast to support the fiunction.
2. " Rr " hdicaks spccial coding as dcscribcd in 9 9.7 3 3.
3 .Type 12 mcssages arc only rcquircd il data are provtded fur GIf.NASS

satcllltcs.
4. ffc refcrs to thc PAIAPV tbt o-out lntcrvalJorfast corrcctlons, as dcfincd in

Table B-57.

Table B-55. SBAS radio frcquency monioring

Prnrncrcr _ Refcracc Alarm timit Reouircd rctlon

signal powerlcvcl 92.44.3 minimum spccifred power crarc ranging function (Noto l)
maximum gpocificd powcr Cearc brudcast
Part (Notc 2)

Modulation Ccasc ranging function (Notc l),

sNr-b-GPS timc 92.45 N/A CbcryigtuEinuradJDRE
rcflects rror.

(Noa 3)

Carricr fioqucncy

stlbility

Coddfrcqucncy
Cohcrence

rtsclIgiCfdinukdJDRE
reflccts enor

Cetrryhg[Einrr&soLJDRE
rellcctg error
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Maximum codc
phasc dcviation
Convolutional
Encoding

N/A
(Notcs 2 and 3)

all transmit messages
arc crroneous

GerilEirgfirninukdwc
rcflects crror
Ccase broadcast

9.9.2.6

9.9.2.9

Notcs.-

t . Ceasing the ranging fitnction is accomplished by broadcasting a URA and a 2

IIDRE of "Do Nor Use" for that SBAS satellite.

2. Tlrcse paranetcrs can be ntonilored by thcir impact on thc received signal quality
(CIN| impact), since that is the impact on the user.

3 . Alarm limits are not specified because the induccd error is acceptable, providcd it is
representcd in the a 2
UDRE and URA parametcrs. If the crror cannot be represented, thc ranging lunction
must ceage.

9.9.7.3.2.1 Whcn the PRN mask is changed, SBAS shall rcPeat the Type I message

several times beforc referencing it in other messages to ensurc that users

rcceivc the new mask

9.9.7.3.3 Integrity data. lf, SBAS does not provide the basic differential corrcction
function, it shall transmit fast corrections, long-tcrm conections and fast

correction degradation paramcters coded to zero for all visible satellites

indicatcd in thc PRN mask.

9.9.7.3.3.1 If SBAS docs not provide thc basic differcntial corrcction function, SBAS
shall indicate that the satcllite is unhealthy ("Do Not Use") if the pseudo-

range errorexceeds 150 metres.

9.9i.3.3.2 If SBAS does not provide the basic differcntial correction function, sBAS
shall indicatc that the satellitc is "Not Monitorcd" if the pseudo-rangc cror
cennot be determined.

9.9:l .3.3.3 If SBAS does not provide thc basic differcntial correction function, SBAS
shall transmit a UDREII of 13 if the satellite is not "Do Not Use" or "Not
Monitorcd".

g .9 .7 .3.3 .4 Thc IODFj parameter in Typc 2 to 5 ,6 or 24 messagcs shall be cqual to 3

9.9.7.4 Basic differential corrcction function. If an SBAS provides a basic

differential correction function, it shall comply with the requirements

contained in this scction in addition to the GNSS satellite status function
requircments defined in 9.9.7.3.

9.9.7.4.t Perfornnnce oJ basic diffcrential correction function. Given any valid

combination of active data, the probability of a horizontal enor cxcecding the

HPLSBAS (as defined in 9.9.5.6) for longer than 8 consecutivc seconds shall

be less than l0-7 in any hour, assuming a user with zero latency'
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Note.- Active data is defined to be data that has not tinred out per 9.9.8.1 .2 . This
requirement includes core satellite constellation(s) and SBAS Jctilures

9.9.7.4.2 Lottg-ternr correctiotts. Except for SBAS satellites from the same service
provider, SBAS shall determine and broadcast long-term corrections for each
visible GNSS satellite (see Nore) indicated in the PRN mask (PRN mask
value equal to "l"). The long-term corrections shall be such that the core
satellite constellation(s) satellite position error projected on the line-of-sight
to any user in the satellite footprint after application of these long-term
corrections is less than 256 metres. For each GLONASS satellite, SBAS shall
translate satellite coordinates into WGS-84 as defined in 9.9.5.2 prior to
determining the long-term corections. For each GPS satellite, the broadcast
IOD shall match both the GPS IODE and 8 LSBs of IODC associated with
the clock and ephemeris data used to compute the corrections (9.5.1.3.1.4 and
9.5.1.3.2.2). Upon transmission of a nelv 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 laterrcy and a validity interval as defined in9.5.4.4.1.

Note.- The criteria for satellite visibility include the locations of reference stations and
the aclzieved. nmsk angle at those locations.

9.9.7 .4.2.1 To ensure accurate range rate corrections, SBAS shall minimize
discontinuities in the satellite ephemerides after application of long-term
corTections.

9.9.7.4.3 Fast corrections. SBAS shall determine fast corrections for each visible
GNSS satellite indicated in the PRN mask (PRN mask value equal to "1").
Unless the IODF = 3, each time any fast correcrion data in Type i Q = 2, Z, q
or 5) message changes, the IODFj shall sequence "0, l, 2,0, ...".

Note.- IJ there is an alarm condition, the IODFj may equal j (see 9.9.7.4.5).

9.9."1 .4.4 Timing data. If data are provided for GLONASS, SBAS shall broadcast the
timing message (Type 12 message) including GLONASS time offset as
defined in Table B-44.

9.9.7.4.5 lntegrity data. For each satellite for which corrections are provided, SBAS
shall broadcast integrity data (UDREIi and, optionally, Type 27 or 28
message data to calculate 6UDRE) such that the integrity requirement in
9.9.7.4.1 is met. If the fast corrections or long-term corrections exceed their
coding range, SBAS shall indicate that the satellite is unhealthy (..Do Not
Use"). If d,ro*. cannot be determined, SBAS shall indicate that rhe satellite
is "Not Monitored".

If Type 6 message is used to broadcast o 2i,UDRE, then

a) the IODFj shall match the IODFj for the fast correcrions received in Type j
message to which the o2,,ro*, apply; or
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b). the IODFj shall equal 3 if the o2,.ro*6 apply to all valid fast corrections
received in Type j message rvhich have not timed out.

9.9.7.4.6 Degradation data. SBAS shall broadcast degradation Parameters (Type 7

message) to indicate the applicable time out interval for fast corrections and

ensure that the integrity requirement in 9.9.7.4.1 is met.

9.9.7.5 Precise difJerential correction function. If SBAS provides a precise

differential corection function, it shall comply with the requirements
contained in this section in addition to the basic differential correction
function requirements in 9 .9 .7 .4

9 .9;t .5.1 Perfornnnce 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 2x lO-1 during any

approach, assuming a user with zero latency. The time-to-alert shall be 5,2

seconds for an SBAS that supports precision approach operations, and 8
seconds for an SBAS that supports APV or NPA operations. An out-of-
tolerance-'condition shall be defined as a horizontal error- exeeeding-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 l.- Active data is defined to be data that has not timed out Per 9.9.8.1 .2. This
requirenrcnt includes core satellite constellation(s) and SBAS failures.

Note 2.- Subsequent messages can be transntitted at the normal update rate.

9.9.7.5.2 lonospheric gricl point (IGP) mask. SBAS shall broadcast an IGP mask and

IODIk (up to I I Type 18 messages, corresponding to the I I 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 0 through 8 shall be set to "0". If IGP Band l0 is used, then

the IGP mask values for IGPs south of 55oS in Bands 0 through 8 shall be set

to "0". The IODI* shall change when there is a change of IGP mask values in
the k'h band. The new IGP mask shall be broadcast in a Type 18 message

before it is referenced in a related Type 26 message. The IODIr in Type 26

message shall equal the IODII broadcast in the IGP mask message (Type 18

message) used to designate the IGPs for which data are provided in that
message.

9.9.1 .5.2.1 When the IGP mask is changed, SBAS shall rePeat the Type 18 message

several times before referencing it in a Typc 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 .'l .5 .3 lonospheric corrections. SBAS shall broadcast ionospheric corrections for the
IGPs designated in the IGP mask (IGP mask values equal to "1").

9.9.7.5.4 lonospheric integrity data.For each IGP for which comections are provided,
SBAS shalt broadcast GIVEI data such that the integrity requirement in
9.9.7.5.1 is met. If the ionospheric correction or s 2 i,GM exceed their
coding range, SBAS shall indicate the sratus "Do Not Use" (designated in the
correction data,9.9.4.6) for the IGP. If o,1.61ys cannot be determined, SBAS
shall indicate that the ICP is "Not Monitored" (designated in the GIVEI
coding).

9.9.7.5.5 Degradation dara. SBAS shall broadcasr degradarion parameters (Type l0
message) such that the integrity requirement.in 9.9.7.5.1 is met.

9.9.7.6

9.9.7.6.1

OPTIONAL FUNCTIONS

Timing data.lf. UTC time parameters are broadcasr, they shall be as defined in
9.9.4.8 (I'ype l2 message).

9.9.7.6.2 Service indication. If service indication data are broadcast, they shall be as
defined in 9.9.4.9 (Type 27 message) and Type 28 messages shall not be
broadcast. The IODS in all Type 27 messages shall increment when there is a
change iu any Type 27 message data.

9 .9 .7 .6.3 Clock-ephemeris covariance matrix. If clock-ephemeris covariance matrix data
are broadcast, they shall be broadcast for all monitored satellites as defined in
9.9.4.10 ('Iype 28 message) and Type 27 messages shall not be broadcast.

9.9.7.7

9.9.7.7.1

MONITORING

SBAS radio fi'equenLy monitoring. The SBAS shalt monitor the SBAS satellite
parameters shown in Table B-55 and take the indicated action

Note.- In addition to the radio rt'equency nonitoring requirements in this section, it witt
be necessary to make special provisiotts to monitor pseudo-range acceleration specifiecl
in these Regulatiotrs, and carrier phase noise specified in 9.9.2.2 and correlation loss in
9.9.25, unless analysis and testing shows that these paranteters cannot exceed the stated
limirs.

9.9;t;1.2 Data monitoring. SBAS shall monitor the satellite signals to detect conditions
that will result in improper operation of differential processing for airborne
receivers with the tracking performance defined in ANS Technical Standards
Part II Vol.I Attachment D 8.1I

9.9.7.'l .2.1 rhe ground subsystem shall use the strongest correlation peak in all
receivers used to generate the pseudorange corrections.

9.9.7.7.3 The ground subsystem shall also detect conditions that cause more than one
zero crossing for airborne receivers that use the Early-Late discriminator
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function as defined in ANS Technical Standards Part II Vol. I, Attachment D
8.1I

9.9.7 .7 .3.1 The monitor action shall be to set UDRE to "Do Not Use" for the satellite.

9.9.7:l .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 shatl raise an alarm within 5.2 seconds if any combination of active

data and GNSS signals-in-space results in an out-of-tolerancc condition for
precision approach (9.9.7.5.1 ).

9.9.7.7.3.4 SBAS shall raise an alarm within 8 seconds if any combination of active data

and GNSS signals-in-space results in an out-of-tolerance condition for en-

route through APV I (9.9.7.4.1).

Note.- The monitoring applies to all failure conditions, including failures in core

satellitc constellation(s) or SBAS satellites. This monitoring assumcs that the aircraJt
clcment complics with the rcquirements of RTCAIDO'229D which Changc l, cxcept as

superseded by 9.9.5 gnd ANs_Tcchnical Standyds Payt II Uo_!, !, Auachmcnt D,8.1 l.

9.9.7.8 Robustness to corc satellite constellation(s) failures. Upon occurrence of a

corc satellite constellation(s) satcllite anomaly, SBAS shall continue to oPcratc

normally using the available healthy satellite signals that can be tracked.

9.9.8 AIRCRAFTTELEMENTS

Note l.- The paramcters that are referred to in this section are defined in 9.9.4.

Note 2.- Somc oJ the requirements oI this section may ilot hpply to equipment that
intcgrotes additional navigation scnsors, such as equipment thol integrates

SBAS with inertial navigation sensors.

9.9.8.1

9.9.8.1.1

9.9.8.1.2

SBAS-capable GNSS receiver. Except as spccifically noted, the SBAS-capable

GNSS rcceiver shall prrcess the signals of the SBAS and meet the

requirements specified in 9.5.3.1 (GPS receiver) or 9.6.3'l (GLONASS

receiver). Pscudo-range mcasurcments for each satcllite shall be smoothed

using carrier mcasurcments and a smoothing ftlter which deviates less than

0.25 metrc within 200 seconds after initialization, relative to the steady-state

rcsponse 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 mctrc pcr sccond.

GEO sateltite acquisition. The receiver shall be able to acquirc and track CEO
satellites for which a stationary receiver at the user rcceiver location would

cxpcricnce a Dopplcr shift as large as t450 Hz.

Conditions Jor use ol data. The receiver shall use data from an SBAS message

only if thc CRC of this mcssagc has been verified. Reception of a Type 0
message from an SBAS satellite shall result in deselection of that satellite for
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at least one minute and all data from that satellite shall be discarded, except
that there is no requirement to discard data from Type 12 and Type 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 rhe GLONASS ephemeris is inside the
following IOD validity interval , as defined in 9 .9 .4 .4.1:

tLT-L-V<tr<tLT-L

Note l.- For SBAS satellites, there is no ntechanisnt tlnt littks GEO ranging fiurction
data (Type 9 message) and longternt correctiotts.

Note 2.- This requirement does not imply tlnt the receiver has to stop tracking the SBAS
satellite.

9.9.8.1.2.1 SBAS satellite identification. Upon acquisition or re-acquisition of an
SBAS satellite, the receiver shall not use SBAS satellite data unless the
calculated separation between the satellite position derived from its GEO
ranging function parameters and the satellite position derived from the
almanac message most recently received from the same service provider
lvithin the last l5 minutes is less than 200 km.

Note.- This check ensures that a receiver will trot ntistake one SBAS satellite for another
due to cross-correlation during acquisition or re-acquisition.

9.9.8.1.2.2 The receiver shall use integrity or correction data only if the IODp
associated with rhat data matches the IODP associated with the pRN mask.

9.9.8.r.2.3 The receiver shall use SBAS-provided ionospheric data (IGP vertical delay
estimate and GIVEIi) only if the IODIk associated with that data in a Type
26 message matches the IODIk associated with the relevant IGP band mask
ransmitted in a Type l8 message.

9.9.8.1.2.4 The receiver shall use the most recently received integrity data for which
the IODFj equals 3 or the IODF, matches the IODF, associated lvith the fast
correction data being applied (ifcorrections are provided).

9.9.8.1.2.5 The receiver shall apply any regional degradation to the o2i,UDRE as
defined by a Type 27 service message. If a Type 27 message with a new
IODS indicates a higher 6roxp for the user location, the higher 6uDxg shall
be applied immediately. A lower 6ro*, in a new Type 27 message shall not
be applied until the complete set of messages with the new IODS has been
received.

9.9.8.1.2.6 The receiver shall apply satellite-specific degradation ro the q,**r2 as
defined by a Type 28 clockephemeris covariance matrix message. The
6u,Dps derived from a Type 28 message rvith an IODP matching that of the
PRN mask shall be applied immediately.
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9.9.8.t.2.7 In the event of a loss of four successive SBAS messages during an SBAS-
based approach operation with a HAL of 40 m or a VAL of 50 m or less,

the receiver shall invalidate all UDREI data from that SBAS satellite'

9.9.8.1.2.8 The receiver shall not use a broadcast data parameter after it has timed out
as defined in Table 8-56.

9.9.8.1 .2.9 The receiver shall not use a fast 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.

9.9.8.1.2.1I For SBAS-based precision approach or APV operations, the receiver shall
only use satellites with elevation angles at or above 5 degrees.

9.9.8.1 .2.12 The receiver shall no longer support SBAS-based Precision aPProach or
APV operation using a particular satellite if the UDREIi received is greater

than or equal to I 2.

Table 8-56. Data time-out intervals

Dah

fusocirtcd
trssagctl?.s

Eo-oute ErnfuL
MA( qn

Precirim rpgrorc\
AP\Itifl-.d

Clock+phemcris covarianc e na trix

SBAS in tcst uode

PRNoask

UDREI
Fast conectioru

Long-lenn conectioru

GEO ruging fimction &ta
Fast conrction degadatiou

Degradation paranretus

Ionos$aic gidorask

Ionoqphuic conectious, GMi
Timing data

GLONASS time offset

Almanac data

Sert ice le,v'el

28

0

I
2 to 6,24
2to 5,24

24.25

9

7

l0
l8
26

l2
l2
l7
27

360

N/A
600 s

18s
(see Table B-57)

360 s

360 s

360 s

360 s

1200s

600 s

86 400 s

600 s

Nme
86 400 s

240

N/A
600 s

12s
(see Table B-57)

?40 s

240 s

240 s

240 s

1200s
600 s

86 400 s

600 s

Nooe

86 400 s

l{ola.- fhe tineant tutavab a'e d{ued$an lhe od 0firc rcqliut olo munge.
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Tablc B-57. Fast correction time-out interval evaluation

Fastconectim
dcgndetiofrctor

indiotc(aif

hlPAtitr-o$
iutrr-ual for &sr
coroctiocs (16)

PA/APVtir-sut
idrrlal forftrt
ccttctioas 0t)

0
1

2
t
5

4
5

6
7
8
9
l0
11

L2
L3

L4

I80 s
180 s
I53 s
135 s
135 s
117 s
99s
8ls
63s
45s
45s
27s
27s
2ls
18s

120 s
120 s
102 s
90s
90s
78s
66s
54s
42s
30s
30s
18s
18s
18s
12s

9.9.8.2 RAI,IGING FUNCTION

9.9.8.2.1 Prcclsion approach and APV operations. Thc root-mean-squars (l sigma) of
tho total airbornc crror contribution to the crror in a correctcd pecudo-rangc for
an SBAS satellite at thc minimum rcceived signal power levcl undcr the worst
interfcrcncc environmcnt as dcfined in thcse Regulations shall be less than or
oqual to 1.8 metrcs, cxcluding multipath cffccts, tnoposphcric and ionospheric
rcsidual crors.

Note,- Tha aircrafi elcmant will bound thc crrors causcd by multipath and troposphcrc
(9.98.4,1). For the pwpose ol predicting servicc, thc multipath crror is assuncd to be

less than 0.6 nvtcs (I sigma).

9.9.82.2Dcpartune, cn-route, terminal, and non-prccision approach opcrations. Thc root-
mean-square (l sigma) of tho total airboroc contribution to the error in a

corrected pseudo-rangc for an SBAS satcllirc at thc minimum reccived
signal powcr level undcr the worst intcrfcrcnce environment as defined in
thcsc rcgulations shall bc lcss dun or cgual to 5 mctrcs, cxcluding
multipath, tnopospheric and ionosphcric cnors.
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9.9.8.2.3 SBAS sate llite posit ion

9.9.8.2.3.1 Position computation. The receiver shall decode Type 9 messagc and

determine the code phase offset and position (XG, YG, ZG) of the SBAS
satellite.

9.9.8.2.3.2 SBAS satellite identi,fication. The receiver shall discriminate between SBAS
satellites.

Note.- This rcquirement applies to fakc acquisition of a satellite due to cross-

correlatiott.

9.9.8.2.4 Alnwnac data

9.9.8.2.4.1 The almanac data provided by the SBAS shall be usedfor acquisition.

Note.- Health and status information provided in the GEO almanac data does not
overridc or invalidate data provided in other SBAS messages. The use of bits 0 to 2 by
airborne equipment is optional; thcre are no requirements covering their usage.

9.r.8.3 - GMS satellite status funition 
'The 

receiver shall exclude satellites from the
position solution if they are identified as "Do Not Use" by SBAS. If SBAS-
provided intcgrity is used, the receivcr shall not be rcquired to exclude GPS

satellites bascd on the GPS-provided ephemeris health flag as required in
9.5.3.1.1 or to exclude GLONASS satcllites based on GLONASS-provided
ephemcris health flag as rcquired in 95.3.1.1.

Note I .- In the case oJ a satellite designated marginal or unhealthy by the core satellite
corrstcllation(s) healthflag, SBAS may bc able to broadcast cphcnteris and clock
coffections that will allow the user to continue using thc satellite.

Notc 2.- IJ satcfiites identified as "Not Monitored" by SBAS are used in thc position
solutiott, integrity is not provided by SBAS. ABAS or GBAS tnay be used to provide
inte grity, if available.

9.9.8.4 BASIC AND PRECISE DIFFERENTIAL FUNCTIONS

9.9.8.4.1Corc satellite constellation(s) ranging accuracy. The root-mean-square (l sigma)
of thc 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 interferencc cnvironment as defined in these rcgulations shall be lcss

than or equal to 0.36 metres for minimum signal lcvel and 0.15 mctres for
maximum signal levcl, cxcluding multipath cffccts, tropospheric and

ionosphcric residual errorr. The RMS of the total airbome contribution to the

error in a corrccted pseudo-rangc for a GLONASS satellite at the minimum
received signal porver level under the worst interfcrencc environment as dcfined
in thesc regulations shall be less than or equal to 0.8 metres, excluding multipath
effects, tropospheric and ionospheric rcsidual errors.
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9 .9.E.4.2P re c is ion ap p r oac h and A PV o p e rat io ns

9.9.8.4.2,1 The rccciver shall obtain correction and integrity data for all satellites in thc
position solution from the same SBAS signal (PRN code).

9.9.8.4.22 The receivcr shall computc and apply long-term corrections, fast
corrcctions, range rate corrections and the broadcast ionosphcric
corcctions. For GLONASS satcllites, thc ionospheric corrcctions rcccivcd
from the SBAS shall bc multiplicd by thc square of rhe ratio of GLONASS
to GPS frcquencies (for.oo,^rdcnJ2.

The rcceiver shall usc a weightcd-lcast-squarcs position solution.9.9.8.4.23

9.9.8.4.2.4 Thc receivcr shall apply a tropospheric model such that residual pscudo-
range crrorc have a rnean value (lD lcss than 0.15 meucs and a I sigma
deviation lcss than 0.07 metres.

Notc.- A modclwu dcveloped that m.cts thb requircmcnt. Guidance is providcd, in
Arachncw D,65.4.

9.9.8.4.23 The reccivcr shall computc and apply horizontal and vcrtical protcction
Icvcls defincd in 9.95.6. In this computation, qroroshall be:

+=+" = t'o.I?ur
,/o.Oozobr + et(g,)

wherc 0i it the elcvation atrgle of thc ith satcllitc.

In additio4, oi,air shall satisfy the condition that a normal distribution with zcro moan and
a standard deviation equal to oi.air bouuds thc crmr dictribution for residual aircraft
pscudo-ra4gc crrom as follows:

fsrelllEoand

<QH fore[ I > o

Whcre

tr(x) = probability density function of the residual aircraft pscudo-range cnor and

/t r'x" ro

fr(")a'

,-,

I
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Q(s)

Note.- The standard allowance for airborne nrultipath defined in 9.10.5.5 .l may be used

to bound the multipath errors.

9.9.8.4.2.6 The parameters that define the approach path for a single precision

approach or APV shall be contained in the FAS data block.

Note .- For SBAS, FAS data blocks are stored in airborne databases. The format oJ the

data for validation of a cyclic redundancy check is shown in ANS Technical Standards
Part II, Vol. I Attachment D,6.6. lt tliffers from the GBAS FAS data block in 9.10.4.5 in
that it contains the SBAS HAL and VAL for the particular approach procedure. For
approaches conducted rsin6 SBAS pseudo-range corrections, the service provider ID in
the FAS data block is the same as the service provider ID broadcast as part ofthe heahh
and status infornntion in Type 17 nressage.lf the service provider ID in the FAS data
block equals 15, thgn_ any sentice-provider can be use.d. If thc service provider. Ip..in the

FAS data block equals 14, then SBAS precise differential corrections cannot be usedfor
the approach

9.9.8.4.2.6.1 FAS data block parameters shall be as follows (see Table B-57A)

Operation rype.'straight-in approach procedure or other operation types.

Coding: 0 = straight-in approach procedure
I 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 rvith GBAS only.
l5 = FAS data block can be used with any SBAS service provider

Airporl lD: lhe thrce- 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 uansmitted first, and 2 zero bits are appended after b6, so that 8

bits arc transmitted for each character. Only upper case letters, numeric
digits and IA-5 "space" arc used. The rightmost charactcr is transmitted
first. For a three-character airport
ID, the rightmost (first transmitted) character shall be IA-5 "space".

f
e Tdt*/-
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Runway number: the runway orientation, point-in-spacc final approach coursc, or SBAS
circling only procedure course rounded to the nearest l0 dcgrees and truncatcd to two
characteF.

Coding:01 to 36 = rrrwty numbcr

Note.- For heliport opc,,atians, the runway number valuc is the integcr nearcst to one
tenth olthcfinal approach cows., ctccpt whcn that intcger is zcro, inwhich case thc
runway number is 36.

Runway lcttcr: the one-letter designator used, as necessary, to differentiate betwcen
parallel runways.

Coding:0=nolettcr
I = R (right)
2 = C (ccntrc)
3 = L (lcft)

Approach pcrformanc. designator: this field is not used by SBAS.

Rowc indlcator.' a "blank" or the onc-lctter identifier used to differentiatc bctnecn
multiplc proedurcs to thc samo runway end.

Notc.- Proccdurcs arc cottsidercd to be difrcrent cven iJ thcy onty dificr by thc misscd
approach sagmcnt.

Coding: Th€ letter ic coded using bits bl through b5 of its IA-5 rcprcsentation. Bit bl is
transmittcd first. only uppcr casc lcttcrs, cxcluding "I" and "o", or IA-5 'sptrce" (bl8nk)
arc used. Blank indicatcs that there is only onc proccdure to the runway eod. For multiplc
proccdurcs to thc samc runway end, the route indicator is codcd ueing a lottcr starting
ftomZ and movlng backward in the alphabet for additional procodures.

Rcfcrence pth data selcctor (RPDS); this field is nor used by SBAS.
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Table B-57A. Final approach segment (FAS) data block

Data coolcrl Bitsn:cd Raagcoflahw Rrsolutico

Operation rype
SBAS senice providcr ID
AirpnID
Runrvay nuuber
Runrvay letter
Approach perfomuurc dcsigoator

Route indicator
Rcfcrcncc path data selector

Reference path identifrer
LTPIFTP latitudc
LTPIFTP lolginrde
LTP/FTP heigtt
AFPAP latiudc
AFPAP looginde
Approach TCH (Nola /)

Alproach TCH units selector

Glide pnth nngle (GPA)

Course rvi&h
Al*ngth offset
Horizootal alert liodt (HAL)
Vertical alea liruit (VAL) (l{ore ?)

0to15
0toli

0l to 36

0to7

0to48

rg0-00
*190.00

-512.0 to 6 041.5 m
t1.00
*1.00

0 to t 638.35 m or
0 to 3 276.7-ft

0 to 90.00

80 to 143.75 lll
0to2032m
0 to 51.0 Br

0 to 51,0 m

4
4

32

6

2

j

5

8

32

32

32

L6

24
24
1i

I
t6
I
I
I
8

32

I

1

;

0.000i arcsec

0.0005 arcsec

0.1 lr
0.0005 orcscc

0.0005 ucsec
0.05 ur or

0.1ft

0.01o

0.25 ur
8m

0.2 m
0.2 nr

Final approach setlDetrt CRC

Note I.- lnJormation can be provided in either Jeet or meffes as indicated by the

approachTCH
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 vcrtical guidance on such

approaches.

Reference path identifier (RPl): four characters used to uniquely designate the reference
path. The four characters consist of three alphanumeric characters plus a blank or four
alphanumeric characters.

Note.- The best industry practice ntatches the 2nd and 3rd character encoding to the

encoded runway nunrber.The last chdracter is a letter startingfronr 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, andzzerc 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.

LTPIFTP 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 rhe WCS-84 ellipsoid.

Coding: This field is coded as an unsigned fixed-point number with an offset of -512
metres. A value of zero in this field places the LTP/FIP 512 metres below the earth
ellipsoid.

Note.- The FPAP is a point at the same height as the LTP/FTP rhat is used to clefine the
alignment of the approach. Theorigin of angular deviations in the lateral direction is
defined to be 305 metres ( I 000 Jt) 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 r,,nway .

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/FIP latitude.

lFPAP longitude: the difference of longitude of the runway FPAP from the LTP/FTP in
arc seconds.

Coding: Positive value indicates the FPAP longitude east of LTP/FTP longitude,
Negative value indicates the FPAP longitude west of LTP/FTP longitude

Approach TCH: the height of the FAS path above the LTP/FTP defined in either feet or
metres as indicated by the TCH units selector.

Approach TCH units selector: the units used to describe the TCH.
Coding: 0 = feet

I = metres

Glide path angle (GPA): the angle of the FAS path with respect to the horizontal plane
tangent to the WGS-84 ellipsoid at the LTP/FTP.

Course width: lhe lateral displacement from the path defined by the FAS at the LTP/FIP
at which full-scale deflection of a course deviation indicator is attained.
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Coding: This field is coded as an unsiSned fixed-point number rvith an offset of 80

metres. A value of zero in this field indicates a course width of 80 metres at the

LTP/FTP.
lLength olfset: the distance from the stoP end of the runway to the FPAP.

Coding: tlll llll =notprovided

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 segnrcnt 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 rvith 9.13. The length of the CRC code shall be k = 32

bits.

The CRC generator polynomial shall be

G(x) = x32 + n3l +x:a + xu + xl{ + xl{ * xs + xi + xi * x} + x + I

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

M(x)= m,x288-i = mrx287 t rrh*"t + .,. + m2ssxo

transmittcd, such that ml corresponds to the LSB of the operation type field, and m288

corresponds to the MSB of the Vertical Alert Limit (VAL) field. The CRC shall be

ordered such that 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 I 5 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 I
metre horizontal.

9.9.8.4.3 Departm'e, e,t-route, terminal, and non-precision approach operatio,ts

288

I
i=1
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9.9.8.4.3.1 The recciver shall computc and apply long-term co[ections, fast conwtions
and rangc rate corroctions.

9.9.8.4,3.2 The receiver shall computc and apply ionospheric corcctions.
Note.- Two methods of computing ionospheric corrcctions arc providcd in 9 5 .2.1 and
99ss2.

9.9.8.4.3.3 The receiver shall apply a tropospheric model such that residual pscudo-
range etrors have a mean value (p) lcss than 0.15 metres and a standard
deviation lcss than 0.07 metrcs.

Note.- A modcl was developcd that mccts this requircment. Guidance is provldcd in
ANS Tcchnical Standards Part II Vol.l, Attachncnt D,65.4.

9.9.8.4-3.4 The receivcr shall computc and apply horizontal and vertical protcction
levels as defined in 9.9.5.6. In this computation, ouoro shall be: obtained
either from the formula in 9.9.8.4.25, which can bc used for elevation
anglcs not lcss than 4 degrees, or fum the alternatc forrrula bclow, which
can be used for elevation angles not lcss than 2 dcgrecs.

wherr 0i is the elcvation angle of thc ith satellite.

ln addition, o16 shall satisfy the condition that a normal distribution with zcro mean and
standard deviation cqual to ql.bounds the error distribution for residual aircraft pseudo-
rangc errorc as follows:

E

-g x (r +;ri.ois x("i*& - a,)ryk o.fr.m
,/9.002oo1 * srn2(01)

/'"tl* = q (:) forall I > oand

I

a

4
/ uc,l* = oG) forau I > o

Wherc

fn(x) = probability dcnsity function of thc residual aircraft psoudo-rangc crror and

o(x) = +[*.*u.Y2a I
J,

Notc.- The standard allowance for airborne multipath definecl in 9 .10 5 5 .l may bc used
lo bound thc multipath errors.
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9.9.8.4.4 For departure, en-route, terminal, and non-precision approach operations, the

receiver shall use the broadcast ionospheric corrections, when available, and a

tropospheric model rvith performance equal to that specified in 9.9.8.4.3.

9.9.9 INTERFACE BETWEEN SBAS

Guidance marerial on the interface between di"f.ferent SBAS service providers shall be as

provided in ANS Technical Standards Part II, Vol I , Attachnent D, 6 -3 .

9.10 Ground-basecl augntentation systen (GBAS) and
gr o wvl - bas ed r e g io nal au gnte nlatio tt sys te m ( G RAS )

9.IO.I CENERAL

The GBAS shall consist of a ground subsystem and an aircraft subsystem. The GBAS
ground subsystem shall provide data and corrections for the GNSS ranging signals over a

digital VHF data broadcast to the aircraft subsystem. The GRAS ground subsystem shall

consist of one or more GBAS ground subsystems.

9. 10. l.l GBAS service types. A OBAS ground subsystem shall support either the

positioning service, approach service or both tyPes of service.

Note l .- Service types refers to a nratched set of ground and ah'borne tt nctional attcl

petformance requirentents that ensure that quanfirtable navigation petformance is

achieved by the airborne equipment, Guidance materill concerning service types is given

in A.fVS Technical Standards Part II , Vol I, Attachmenr D , 7 .I .

Note 2.- GBAS ground facitities are characterized by a GBAS facility classification
(GFC). Many GBAS perfornnnce and functional requirements depend on the GFC.
These SARPs are organiTed according to which requirements apply for a given facility
classificarion elenrcnt (i.e. the Jacility approach sen,ice type (FAST) letter, the facility
polarization etc.). Cuidance ilruterial concertting facility classiticatio,ts is given in ANS

Technical Standards Part II, Vol l, Attacfunent D,7 .l .4 .l ).

9.10.1.2 All GBAS ground subsystems shall comply rvith 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 AlfS Technical Standards Part II, Vol I ,

Attachmenr D,7.1 .

9.10.2 RFCHARACTERISTICS

9.10.2.1 Carrier frequency stability. The carrier frequency of the data broadcast shall be

nraintained within t0.0002 percent ofthe assigned frequency.

9.10.2.2 Bit-to-phase-change ettcoding. GBAS messages shall be assembled into

symbols, each consisting oR consecutive message bits. The end of the message

shall be padded by I or2 fill bits ifnecessary to form the last 3-bit symbol ofthe
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message. Symbols shall be converted to D8PSK carricr phase shifts (AO) in
accordance with Table B-58.

Notc.- Thc carricr phasc for thc P symbol (Ay) is given by: @Jpy.t+ LAy. Thc DSPSK
signal may bc produccd as shown in Figure B-19 by combining two quadratura RF
signals which are indcpcndcntly supprcsscd-carricr amplitude modulated by basc band

filterad tmpulscs. A positivc hrcrcasc in LAyreprescnts d counter cloclcwisc rotation in
the complcx I-Q planc of Figure B-19.

9.10.2.3 ModulationwavcJormandpulscshapingfiltcrs.Theoutputofdiffcrentialphane
encoder shall bc filtered by a pulsc shaping filter whose output, s(t), is describdl
as follows:

lE#

Whore

h = the impulse rcrsponsc of the raiscd cosine filtcr;
Ok = (8s defined in 9.10.2.2);
t = timc; tnd
T = thc duration ofcach tymbol = l/10 5fi) second.

This pulsc shaping filtcr shall hsvc a nominal complex frcquency r$ponsc of a raiscd-
cosinc filpr with a = 0.6. The time responsc, h(t), rnd frcquency responsc, H(f), of the
baso band filters shall bc as follows:

sh

L.

E
:X=-E

El$r'h (t - HrJ5(r]

for

for

for

cos

fi

H(0=

1

1I1-dn (2fr-1)

os f<;1
1* crsf < rt

fr#
1-a
T2

0

Thc output s(t) of the pulse shaping filtcr shall modulate the carrier.
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9.10.2.4 Error vector nagnitude. The error vector magnitude of the transmitted signal
shall be less than 6.5 per cent root-mean-square (l sigma).

9.10.2.5 RF data rate.The symbol rate shall be l0 500 symbols per second t0.005 per
cent, resulting in a nominal bit rate of 3l 500 bits per second.

Table B-58. Data encoding

Iv{eraqge bit5 Slrtrool pbas*',hift

136

0

1

1

0

0
1

1

0

Irr-r
0

0
I
1

1

1

0
0

I*-r
0
0
0
0

1

1

1

1

a0I
ftr/4
lmi4
lm/4
3n/4
$rl4
5n!4
6trr'4

7r!4

j!'or+:.- { ri dra;'i &r1 qft re Srrrt Eo be trnnmilla4 rr.fiou { k thd frlir
6rt q;fuft e rrrniriugl.regnan ru.

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 nny not protect reception of emissions in a slot assigned to
another desired transmitter for receivers within 80 ntetres frotn the undesired
transmitting antenna.

9.I0.3 DATA STRUC-TURE

9.I0.3.I TRANSMITTERTIMING

9.10.3.l.r Data broadcast timing structure. The time division multiple access (TDMA)
timing structure shall be based on frames and time slots. Each frame shall be

500 milliseconds in duration. There shall be 2 such frames contained in each

l-second UTC epoch. The first ofthese frames shall start at the beginning of
the UTC epoch and the second frame shall start 0.5 seconds after the

beginning of the UTC epoch. The frame shall be time division multiplexed
such that it shall consist of 8 individual time slots (A to H) of 62.5-
millisecond duration.
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9.10.3.1.2 Bursts.Each assigned time slot shall contain at most I 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 lcast I franre ofevery 5 consecutive frames.

Note I .- Bursts contain oile or more messages and may be of variable length up to the
madnrum allowed within the slot as requirecl by 9.10.3.2.

Note 2.- During tine slot initiatiotr, the airbrtrne 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 srarr of the synchronization and ambiguity
resolution Portion of the burst, transmitted rvith horizontal polarization
(HPOL), shall occur rvithin l0 microseconds of the start of the burst
transmitted with vertical polarization (VPOL).

Note.- Table B-59 illustrates the burst tining

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 lransmitter power stabilization period nruy be used by the aircrafi receiver
to settle its automatic gain control.

9.10.3.1 .5 Ramp-down. After the final information symbol is transmitted in an
assigned time slot, the transmitter output power level shall decrease to at
least 30 dB below the steady-state power within 285.7 microseconds (3
symbols).

9.10.3.2 Burst organization and coding. Each burst shall consist of the data elements
shown in Table 8-60. Encoding of messages shall follow the sequence:
application data formatting, training sequence forward error correction (FEC)
generation, application FEC generation and bit scrambling.

9.10.3.2.1 Synchronization and ambiguiq, resolution. The synchronization and
ambiguity resolution field shall consist of the 48-bit sequence shown below,
with the rightmost bit transmitted first:

010001 lll l0l llr lt000l l000ll l0r 100000011 ll00l00oo
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Table B-59. Burst timing

Notes.-

l. Event duration indicated for u'ansmission of scrambled data is for maxintum
' application data length of I-776 bits, 2 fill-bits'and'nominal'symbol duration.

2. These timing requirements provide a propagation Suard tilne of I 259 microseconds,

allowingfor a o,te-way propayatiott 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 ft'om another broadcast antenna using tlw
next adjacent slot, a longer guard time is required to avoid loss of both bursts. To
provide a longer gtard time, it is necessary to limit the application data length of the

first burst to I 744 bits. This allows a difference in propagation ranges of up to 692
kn (372 NM) without cottflict.

Table 8-60. Burst data content

Note.- Data scrambling of the fill bits is optional (9.10.3 .3 .6)

Event
percentage
power

Noninal event duration Nominal oJ
ol steady-state

Ramp-up
909o

190.5 ps 0Vo to

Transmitter power stabilization
1007o

285.7 trrs 9O7o to

Synchronization and ambiguity resolution I 523.8 ps lO07o

Transmission of scrambled data 58 761.9 ps lO07o

Ramp-down
to O7o

285.7 ps (Note l) l0O7o

Element Data content Number oJ bits

Beginning of burst all zeros l5

Power stabilization

Synchronization and ambiguity resolution 9.t0.3.2.1 48

Scrambled data: 9.10.3.3

station slot identifier (SSID) 9.10.3.3.1 3

transmission length 9.t0.3.3.2 17

training sequence FEC 9.10.3.3.3 5

application data 9.10.3.3.4 up to I 776

application FEC 9.10.3.3.s 48

fill bits (Note) 9.t0.2.2 0to2
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9. 10.3.3 SCRAMBLED DATA CONTENT

9,10.3.3.1 Station slot identifier (SSID). The SSID shall be a numeric value
corresponding to thc lctter designation A to H of the first time slot assigned
to the GBAS ground subsystem, where slot A is represented by 0, B by l, C
by 2, .. . and H by 7. The identifier is transmitted LSB first.

9.10.3.32 Transmission length. thc transmission length shall indicate the total
number of bits in both application data and application FEC. The
transmission length is transmitted LSB fint.

9.10.3.3.3 Training Eequcnce FEC.The training sequence FEC shall be computed over
thc SSID and transmission lcngth fields, using a (25,20) block code, in
accordance with the following equation:

[Pr, ..., Ps] = [SSID1, ...,SSID3,TL,,...,TLr7] Hr

Wherc

Po = the nth bit of the training sequence FEC (pl shall bc transmitted frst);
SSID. = thc nth bit of the station slot identifier (SSIDI = ISB);
TLn = t[6 nth bit in the transmission length (TLl = LSB); and

Hr = thc mnsposc of the parity matrix, defined below:

1111111
0001111

Iir - 110000
10011
00101

000000001
001111110

11011011010
01r01001111
1100011100

t 1 I llr
r I l ll
t l l tl
00111
o r o lJ

Notc,l This codc is capable of corrccting all singlc bit crrors and detecting 75 of 3ao
possiblc doublc bit errors.

9.10.3.3.4

9.10.3.3.s

Application data.The application data shall consist of one or more message
blocks, as defined in 9.10.3.4. Thc mcssage blocks shall be mapped directly
into the application data with no additional overhead ofintervening layers.

Application FEC. Thc application FEC shall bc calculared using the
application data by means of a systematic, fixcdJength, Rccd-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)=xt+x7+x2+x+l

9 .lO .3 .3 .5 .2 The generator polynomial of the R-S code, g(x) 
' 
shall be:

l2s

gH= fl (x-ai)-y6 + al76xs + alsxa + cr2sf + o1?6x2 .r- 61s6s16225

i=120

where q is a root of p(x) used for construction of the Galois Field of size 2t, GF(256),

and ci is the i'h primitive elcment 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 8-61

and 8-62, 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 (l 992 bits)

shall be extended to 249 bytes by virtual fill bits set to zero and appcnded to

the application data. These virtual fill bits shall not be transferrcd to the bit
scrambier. The daia td be enio'ded, m(x), shalt be defined by:

u{r) = as$s + a2a7#7 + .... + asu@rr xxl']trdFl ,. r14g.6p x]{$!ose* .... + rtx*ro

where

Iength represents the number of 8-bit bytes in the application data block;

a2.. rcpresents the message block idcntifier, with the rightmost bit defined as the ISB and

the first bit of the application data sent to the bit scrambler;

a2{rcnsrh+r represents the last byte of the message block CRC, with the leftmost bit defined

as thaMSB and the last bit of the application data scnt to the bit scrambler; and

a2,n.rcn!rh.....!r..oare the virtual fill bits (if any).

9.10.3.3.5.4 The 6 R-S check symbols (bi) shall be defined as the coefficiens of the

remaindcr resulting from dividing the message polynomial x6m(x) by the

generator polynomial g(x):

s
f_r

bqxl=)b,:* + brxs+b4d+bsx3+bex2+b1x1+bs = [x6nr(x)] mod g(x)

i=t)

9.10.3.3.5.5 The 8-bit R-S check symbots shall be appended to the application data.

Each 8-bit R-S check symbol shallbe transmitted MSB first from M to b5,

i.e. the first application FEC bit transferred to the bit scrambler shall be the

MSB of b0 and the last application FEC bit transferred to the bit scrambler

shall be the ISB of b5.
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Notc I .- This R-S code is capablc of coruecting up to j symbol errors.
Notc 7.- Thc ordcr of thc transmittcd 8-bit R-S chcck symbols of thd appended
application FEC difers lrom the VHF dau link (VDL) Modc 2. Morcovcr, for VDL Modc
2 each R-S check symbol is transmitted I,JB first.
Notc 3.- Exanplc resuhs otapplication FEC cncoding arc given ir AiVS Tcchnical
Standards Part II Vol. I,Attachnpnt D,7.15-

Table 8-61. Format of a GBAS meesage block

lulersaEr blo* Ilib

Ivlessageblo* headu
Mesmge
CAC

48

rry tD I 696
32

Teble 8-62. Format of message block header

&ta fidd Bits

lr&ssege btoc& ideutifier
GBAS ID
lvftscagc tlpe idreatifis
fvftssagE t€ogfr

9.10.3.3.6 Bitscrambling

9.10.3.3.6.t The output of a pseudo-noisc scrambler with a l5-stagc gcncratror registcr
shall bc cxclusivo OR'ed with thc burst data starting with ttrc SSID and
ending with thc application FEC. Bit scrambling of the fiU bits is optional
and thc set valuc of the flrll bits is optional.

Notc.- Thl fill bits arc not used by thc aircrafi receivcr and their values havc ro lmpact
on thc systcttt.

9.103.3.6.2 The polynomial for the rcgister taps of the scramblcr shall be I + x + xt5.
The registcr content shall be rotatcd at thc rate of one shift per bit. The
initial status of the register, prior to the first SSID bit of each bumt, shall bo
'l101 0010 l0l I 001", with the lcftmost bit in thc first stage of thc rogistcr.
The first output bit of the scrambler shall be sampled prior to thc first
rcgistcr shift.

I
24
I
I
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Note.- A diagram of the bit scrambler is given in ANS Technical Standards Part ll Vol

I, Attachment D,7.4.

9.10.3.4 Message blockformat. The message blocks shall consist of a message block
header, a mcssage and a 32-bit CRC. Table 8-61 shows the construction of the

rnessage block. All signcd parometers shall be two's complement numbcrs and

all unsigned paramcters shall be unsigned fixed point numbers. Thc 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 thc mcssage tables,
with the LSB of each field transmitted first.

Note.- All binary representations reading lett to right are MSB to ISB .

9.10.3.4.1 Message block hcader. The message block hcader shall consist of a

message block identifier, a GBAS identifier (ID), a message type identifier
and a message length, as shown in Table 8-62.

Message block identifier: the 8-bit identifier for the opcrating mode of the GBAS
message block.

Coding: l0l0 l0l0 = normal GBAS message

llll llll =testGBASmessage

All other values are rcserved.

GBAS tD: the four-character GBAS identification to differentiatc betwcen GBAS ground

subsystems.

Coding: Each character is codcd using bits bl through b6 of its International Alphabet
No. 5 (IA-5) reprcsentation. For each charactcr, bit bl is transmittcd first and six

bits are transmitted for each character. Only uppcr casc lcttcrs, numeric digits
and IA-5 "space" arc used. The rightmost character is transmittcd first. For a

three-character GBAS ID, the rightmost (first transmittcd) character shall be IA-
5 "space".

Note.- The GBAS ID is normally identical to the location indicator at the ncarcst
airport. Assignntent oJ GBAS lDs will be coorditoted as appropriate to avoid conflicts

Message type identifier.' the numcric label identifying the content of the messagc (Table

B-63).

Message length: the length of the message in 8-bit bytcs including the 6-byte message

block header, thc messagc and the 4-byte message CRC code.

9.10.3.4.2 Cyclic rcdundancy chcck (CRC). The GBAS mcssagc CRC shall be

calculated in accordance with these rcgulations.

9.10.3.4.2.1 The length of the CRC code shall be k= 32 bits
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9.10.3.4.2.2 The CRC generator polynomial shall be

G(x) = x3r + xll + xl{ + l! + xl6 + xln + x8 + x7 + x5 + x3 * x * I

9.10.3.4.2.3 The CRC information field M(x) shall be

2275

*f-)=f nlixn-i * mlxn-r * rn2xn-2 t,.. * mnxo

i=1

9.10.3.4.2.4 M(x) shall be formed from the 48-bit GBAS message block header and all
bits of the variable-length message, excluding the CRC. Bits shall be

arranged in the order transmitted, such that ml corresponds to the first
transmitted bit of the message block header, and mn corresponds to the last
transmitted bit of the (n-48) message bits.

9.10.3.4.2.5 The CRC shall be ordered such that rl is the first bit transmitted and r32 is
the last bit transmitted.

9.10.4 DATA CONTENT

9.10.4.1 Messagetypes.ThemessagetypesthatcanbetransmittedbyGBASshallbeas
in Table 8-63.

9.10.4.2 TYPE I MESSAGE _ PSEUDO-RANGE CORRECTIONS

9.10.4.2.1 The Type I message shall provide the differential corection data for
individual GNSS ranging sources (Table B-70). The message shall contain
three sections:

a) message information (time of validity, additional message flag, number of
measurements and the measurement type);

b) low-frequency information (ephemeris decorrelation parameter, satellite
ephemeris CRC and satellite availability information); and

c) satellite data measurement blocks.

Note l.- Transmissiotr oJ tlu low-fi'equency datafot' SBAS ranging sources is optional.
Note 2.- All parameters in this message type apply to 110-second carrier-smoothed
pseudo-t'anges.

9.10.4.2.2 Each Type I message shall include ephemeris decorrelation parameter,
ephemeris CRC and source availability duration parameters for one satellite
ranging source. The ephemeris decorrelation parameter, ephemeris CRC
and source availability duration shall apply to the first ranging source in the
message.
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9.10.4.2.3 Pseudo-range corection parameters shall be as follows

Modified Z-couttt: 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 ntessage flag: an identification of whether the set of measurement blocks in a
single frame for a particular measurement type is contained in a single Type I message or
a linked pair of messages.

Coding: 0 = All measurement blocks for a particular measurement tyPe are contained in

one Type I message.

I = This is the first transmitted message of a linked pair of Type I messages that

together contain the set of all measurement blocks for a particular measurement

type.

2 = Spare

3- =-ThiS' iS lhi sbcoird. trai,rsmiued- ihassaE60f a -liiiki:d pair of Type I messages

that together contain the set of all measurement blocks for a particular
measurement tyPe.

Note.- lYhen a linked pair of Type I messages b used for a particular measurcment

type, the number of measurenrents and low-frequency tlata are computed separately for
each of the two individual messages.

Nutnber of measuremenr.t.'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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5

6
7

8

Mcssagc typc
ldcntifiu
0
I
2

3

4

9tol0
ll
12 to 100

l0l

1O2.o255

Table 8-63. GBAS VHF data broadcast mcssages

Message name

Spare
Pseudo-rangc corrections
GBAS-relatcd data
Null messagc
Final approach scgment
(FAS) data
Prcdictod ranging source
availability
Rescrved
Rcserved for national
applications
Rcservcd for test
applications
Spare
Pscudo-range corrections -
30-socond smoothed
pscudo-rangcs
Sparc
GRAS pscudo-range
corrcctions
Sparc

Note .- See 9 ,I 0 .6 for nessage funnats .

Coding: 0 = (}A or CSA codc Ll
I = rcscrvcd
2 = rcscrvcd
3 = rcservcd
4to7=sParc

Ephcmcrls dccorrclation parametcr (P): a paramcter that characterizcs the impact of
residual cphomoris onors due to decorrelation for the firt mcasurcmcnt block in the

mcss8gc.

For a SB.AS geostationary satellite, the ephomcris decorrelation parametcr, if transmitted,
shall be coded as all zcros.

For GBAS ground subsystems that do not broadcast the additional data block I in the

TypcZ mlssage, thc cphemcris deconplation parameter shall bc codcd as all zeros.
Ephemerit CfiC.' thc CRC computed with thc ephcmcris data used to dcterminc
corrections for ttre first measurcment block in the message. The ephcmcris CRC for corc
satcllite constcllation(s) ranging sourcos shall be calculatcd in accordancc with thcse

regulations. The length of the CRC code shall be k = 16 bits. Thc CRC gcnerator
polynomial shall bc:
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G(x) = xl6 + xr2+ x5 + I

The CRC information field, M(x), for a given satellite shall be:

n

Ivl(x)= f ,rr, xl-l + t\Hn-1 * m2xn-2 + ... + m*xo\/ 
/-r 

I

i=1
For a GPS satellite, M(x) shall be of length n = 5'76 bits. M(x) for a GPS satellite shall be

calculated using the first24 bits from each of words 3 to St0 of subframes 1,2 and 3 of
the data rransmission from that satellite, ANDed with the GPS satellite ephemeris mask
of Table B-64. M(x) shall be arranged in the order that bytes are transmitted by the GPS

satellite,
but with each byte ordered LSB first, such that ml corresponds to bit 68 of subframe l,
and m576 corresponds to bit 287 of subframe 3.

Note.- M(x) for a GPS satellite does not include word I (TLM) or word 2 (HOW), which
start each subframe, or the 6 parity bits at the end oJ each word.
For a GLONASS satellite, M(x) shall be of length n = 340 bits. M(x) for a GLONASS
satelliteshall becalculatedusingstrings 1,2,3. and-4 qf the-datatransmisqio-nfrpmthat
satellite, ANDed with the GLONASS satellite ephemeris mask of Table 8-65. Bits shall
be arranged in transmission order such that ml corresponds to bit 85 of string l, and

m340 corresponds to bit I of string 4.

For a SBAS geostationary satellite, the ephemeris CRC, if transmitted shall be coded as

all zeros.

The CRC shall be transmitted in the order re, r1s, r1s...., t16, r1, 12, rr...rs, where r, is the ith
coefficient of the remainder R(x) as defined in these regulations.

Source availability duration: the predicted duration for which corrections for the ranging
source are expected to remain available, relative to the modified Z-count for the first
measurement block.

Coding: I I I I I I l0 = The duration is greater than or equal to 2 540 seconds.

l11l tlll = Predictionofsource availabilityduration is notprovided
by this ground subsystem.

9.10.4.2.4 The measurement block parameters shall be as follows

Ranging source ID: the identity of the ranging source to rvhich subsequent measurement
block data are applicable.



Kenya S ubsidiary Le gis lation, 20 I 8 2279

Table 8-64. GPS satellite ephemeris mask

Sub&rme l: Bi.t: i Bne ) Blre 3 Bfe l B1te 2 3ytr 3

Wordi
Word 5

\\iord 7
Word 9

0000 0000

0000 0000

0000 0000

11111111

0000 0000

0000 0000

0000 0000
tl111lll

0000 00ll
0000 0000
llll llll
11111111

Slord 4
\Uord 6
U/qrd I
ltord 10

0000 0000

0000 m00
11t1lt1l
tlll llll

0000 0000

0000 0000
11ll lt11
11lt lrll

0000 0000

0000 0000

llll 1t1l
ll11 ll00

Subinoe 2: Blre I Byte 3 Blte 3 B:rt" I Bytr I Byte 3

V"ord3
Vord5
\trtmd 7

\ltord 9

l11t 1111

111111t1

11111111
1lll l1ll

1lll1l11
11111il1
11111111

llll lln

lu11lil
Irll lul
111111r1
l11l I lll

lllt llll
lllt lllt
lllt ttll
llll il.ll

1111llll
llll lill
1111l11l
1111llll

\[ord 4
Word 6
r*Iord I

Word l0

llll ll11
l1t1 1111

llll l111
0000 0000

Subtsrme 3: Bttr i Blre 2 Brrc l Byh I Bfr 2 Byte 3

Word l
Word5
ltr'ord 7

Wud9

lllt lltl
llll lltl
11111111

llu llll

1111 1lu
l11l1l11
u1l llll
11111111

ltll llll
Itll llll
llll llll
llll llll

Itll llll
llll llll
llll llll
11111111

11ll llll
u111lll
1l1l lltl
lllt lill

Ulqrd4
Wud6
\ryord 8

Wodl0

1111 ll.ll
llll 1111

lll111tl
ltll 1100

Table 8-65. GLONASS satellite ephemeris mask

Coding: I to 36 = GPS satellite IDs (PRN)
37 = reserved
38 to 6l = GLONASS satellite IDs (slot number plus 37)
62 to I 19 = spare
120 to 158 = sBAS satellite IDs (PRN)
159 to 255 = spare

Issue of data (lOD): The issue of data associated with the ephemeris data used to
determine pseudo-range and range rate corrections.

Striq L:

0 0000 0000 0000 0000 0000
11111111 11111111 lltt I
Striug 2:

0 0000 0000 0000 0000 0000

1111 lut 111t 1111 1l[1 I
Sfriug 3:

000000111 1111 1111 0000 1111 11lt 1111 11lt ll11 llll 1111

1lt 1 1111 1l1l 1111 11tt 1111 1111 00000000

Striug 4:

00000 1111 1111 1111 1111 1111 110000000000000000000000
0000 0000 0000 0000 0000 0000 0000 0000 0000

l1t1
111 1

1111111111111 1111 1111

00000000

1111 111

11t 1111

1111 ltl1 11tI 1111 t111 1111

111 0000 0000



2280 Kenya Subsidiaty lzgis lation, 20 I 8

Coding: for GPS, IOD = GPS IODE parameter (9 .5.1 .3 .2.2)

for GLONASS, IOD = GLONASS "tb" parameter (see 9.6.1.3.1)
forSBAS,lOD= llll llll

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,3,,61 the standard deviation of a normal distribution associated rvith 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: ll I I I I I I = Ranging sourcecorrection invalid.

Bi tlvough Br.' are the integrity parameters associated with the pseudo-range

corrections provided in the sarne measurement block. For the i'h ranging source

these parameters corrcspond to B1., through Brr (9.10.5.5.1 .2,9.10.5.5.2.2 and

9.10.7.2.2.4). During continuous operation the indices "l-4" correspond to the

same physical reference receiyer for every epoch transmitted from a giyen -ground
subsystem with the following exception: the physical reference receiver tied to any of the

indices I to 4 can be replaced by any other physical reference receiver (including a

previously removed one) that has not been used for transmissions during the last 5

minutes..
Coding: 1000 0000 = Reference receiver was not used to compute the pseudo-range

correction.

Note I -- A physical reference receiver is a receiver with an antenna at afrxed location
Note 2.- Some airborne inertial integrations nny expect a largely static corresPondence
ofthe reference receivers to the indices.

9. 10.4.3 Type 2 ,nessage - GBAS-related data. Type 2 message shall identify the
locarion of the GBAS reference point at rvhich 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 ntessage. Additional data
block I and additional data block 2 are defined. In the future, other additiotral data
blocl<s nny be defined. Data blocks 2 tlvough 255 are variable length and may be

appended lo the ntessage after additional data block I in any order.

GBAS reference receivers: the number of GNSS reference receivers installed in this

GBAS ground subsystem.

Coding: 0 = GBAS installed with 2 reference receivers
I = GBAS installed with 3 reference receivers

/ = GBAS installed with 4 rcference receivers

3 = The number of GNSS reference receivers installed in this GBAS ground subsystem is

not applicable
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Growd, accuracy designator lettcr; the lettcr designator indicating the minimum signal-
in-spacc accuracy performancc providcd by GBAS (9.10.7.1.1).

Codingr 0 = accuracy designation A
I = accuracy dcsignation B
2 = accuracy designation C
3 = sparc

GBAS continuitylintegrity dcsignator (GCID)..numeric dcsignator indicating tho
opcrational status of thc GBAS.
Coding 0 = rpare

l=GCIDI
2=GCIDZ

3 =GCID3
4= GCID 4

5 = sparc
6 = sPare

7 = unhealthy

Notc 1.- The valucs otGCID 2,3 and 4 are spccificd in ordcr to .Nure comrytlbility ol
equipmcnt with futurc GBAS.
Note 2.* The valuc of GCID 7 indicatcs that all dpproach scryices supportcd by thc
groundftcility uc unavailable .

I-ocal magnetic variation: thc published magnetic variation at thc GBAS referencc point.

Coding: Fositive valuc dcnotes cast variation (clockwisc from true north), Negativc valuc
dcnotes west variation (countcrclockwisc from truc north)

100 0000 0000 = Precision approach procedures supported by tris GBAS arc publishcd
brscd on buc bearing.

Notc.- Incal magnctic variatlon is chosen to bc consistctt wlth procedure dcsign and is
updatcd during magncttc cpoch ycars.

ovcrt-ionoJrdicn.' thc stsndard dcviuion of a normal distribution aseocigtcd with thc
rcsidual icrospheric uncertainty duc to spatial decorrelation (9.10.5.4).

R.ctractivity index (Nr): the nominal tlopospheric refractivity indcx ucd !o calibratc thc
troposphcrlc corrcction associrtcd with drc GBAS ground subsystcm (9.10.5.3).

coding: This ficld is coded as two's complcmcnt numbcr with an offset of +4fl). A valuc
of zcro in this field indicatcs a rcfrrctivity index of 4{D.

Scah height (Iro).'a ecale factor used to calibrarc the tnopospheric conrction and rcsidual
Uoposphcric unccrtainty associated with thc GBAS ground subsystcm (9.10.5.3).

Rclractivity unccrtainil @n): the standard deviation of a normal distribution associated
with the rcsidual troposphcric unccrtainty (9.10.5.3).
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kttitude: the latitude of the GBAS reference point defined in arc seconds.

Coding: Positive value denotes north latitude.

Negative value denotes south latitude.

Lotrgitude: 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.

9.10.4.3.1 Additional data block I parameters. Additional data block I parameters

shall be as follows:

REFERENCE STATION DATA SELECTOTR (RSDS): the numerical identiher that is used

to select the-GBAS ground subsystem.

Note.- The RSDS is dffirent lrom 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: I111 I I I I = GBAS positioning service is not provided

MAXIMIJM USE DISTANCE (D*): the maximum distance (slant range) from the GBAS
refercnce point which pseudo-range corrections are applied by the aircraft element.

Note.- This parameter does not ind.icate 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
(K1d_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 MTSSED 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.



Kenya Subs idiary Le gis lation, 20 I 8 2283

For GBAS ground subsystcms 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
enor 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 (Knd_e_,GLONASS): the multiplier for computarion of rhe
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 nor broadcast corrections for GLONASS ranging
sources, this parameter shall be coded as all zeros.

9.10.4.3.2 Additional data blocks. For additional data blocks other than additional
data block 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: 0tol=reserved
2 = additional data block 2, GRAS broadcast stations
3 = additional data block 3, GAST D parameters
4 = additional data block 4, VDB authentication parameters
5 to 255 = spare

ADDITIONAL DATA PARAMETERS: the set of data defined in accordance with the
additional data block number.

9.1O.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-654):

CHANNEL NUMBER: the channel number, as defined in 9.10.5.7, associated with a
GBAS broadcast station.

Note.- The channel nuntber in this field refers to a frequency and an RSDS
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ILATTTIJDE: the cliffcrence 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 thc GBAS broadcast station is south of the GBAS reference

point.
ZLONGITUDE: 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 A//S
Technical Standards Part II Vol. I Attachment D, 7 .17 .

9.10.4.3.2.2 GAST D parameters
Parameters for additional data block 3 shall include Parameters (Table 8-658) to be used

when the active service type is GAST D as follows:

Kfud-e-D,GLOIVASS (Kfud-e-D,GLOTVASS): 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.- Tfiis paraneter, K4d-e-D,GLONASS, may be different than the ephenteris

decorrelntion parameter Kmd_e_GLONASS provided in additional data block I oJ the

Type 2 nessage. Additional infornration regarding the difference in these parameters is
givenin ANsTechnicalstandardsPartllVol. IAttachmentD,7.5.6.l .2and7.5.6.1 .3.

Kmtt-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 Eiven that

there is an ephemeris error in a GPS sateltite. 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 ephemeris

decorrelation parameter Kmd-e-GPS provided in additional data block I of the Type 2

message. Additional inJormalion regarding the difference in these parameters is given in
ANS Technical Standards Part II Vol. I Attachnrent D,7.5.6.1 .2 and 7 -5.6.1 3.

Sigma_vert_iono_gradient_D (svert_iono_g,radient-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-iono4radient-D, may be dffirent than the

iottospheric decorrelation parameter Sigma-verl-iono4radient provided in the Typc 2
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tnessage. Adclitional information regarding the difJerence in these parameters is given in
ANS Technicctl Standards Part II Vol. I Attachment D , 7 .5 .6 .1 .2 and 7 .5 .6 .l .3 .

YEIG: is the maximum value of EIG at zero distance from the GBAS reference point.
This parameter is used by airborne equipment when its active approach service type is

D.B-12.
MEIG: is the slope of maximum EIG versus distance from the GBAS reference point.
This parameter is used by airborne equipment when its active approach service type is D.

Table 8-658. Additional Data Block 3 GAST D Parameters

Data content Bits used Range ofvalues Resolution
Kmd-e-D,GPS 8 0 to 12.75 0.05
Kmd e D.GLONASS 8 0 to 12.75 0.05
svert iono sradient D 8 0 - 25.5 x 10-6 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 8-65A. GRAS broadcast station data

Data content Bits used Range of values Resolution
Channel number 16 20001 to 39999 |
Alatitude 8 +25.4" 0.20
AI -onoitrrde 8 *25.4" 0.

Table B-65C. VDB authentication parameters

Data content Bits used Ranse of values Resolution

Slot srouo definition 8 - -

9.10.4.4 TYPE 3 MESSAGE _ NULL MESSAGE

9.10.4.4.1 The Type 3 message is a variable length "nult 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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9.10.4.4.2 Thc parameters for the Type 3 message shall be as follorvs:

Filler: a sequence of bits alternating between " l " and "0" with a length in bytes that is l0
less than the value in the message length field in the message header.

9.10.4.5 Type 4 ,nessage - Final approach segment IFAS). 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 follorving:

Data set length: the number of bytes in the data set. The data set includes the data set
length field and the associated FAS data block, FAS vertical alert limit
(FASVAL)/approach status and FAS lateral alert limit (FASLAL)/approach status fields.

FAS data block: the set of parameters to identify an approach and define its associated
approach path.

Coding: See 9.10.4.5.1 and Table 8-66.

Note .- Guidance material for FAS path definition is contained in Attachment D, 7 .l I

FASVAUapproach status: the value of the parameter FASVAL as used in 9.10.5.6.

Coding: llll llll = Do notuse vertical deviations

Note.- The range and resolution of vahes for FASVAL depend upon the approach
performance designator in the associated FAS data block.

FASLAUapproach status: the value of the parameter FASLAL as used in 9.10.5.6.

Coding: ll 1l ll ll = Do not use approach.

Note.- Tlre Procedures for Air Navigation Services - Aircraft Operations (PANS-OPS)
(ICAO Doc 8168), Volume II, speci,fies conventions to be used by procedure designers
when applying the FAS data block definitions and codings below to encode procedures.

9.10.4.5.1 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 rype.'straight-in approach procedure or other operation types.
Coding: 0 = straight-in approach procedure

I to 15 = spare
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Notc,* Ofrset procedures arc straight-in proccdt rcs and coded as "0"

Table 8-66. Final approach scgment (FAS) data block

Data content
Operadon typa
SBAS provider ID
Airpo( ID
Runway numbcr
Runway letter
Approach performance
designator
Rourc indicator
Reference path data selcctor
Refercrce path identificr
LTP/FIP latinrde
LTP/FIP longitude
LTP/FIP hcight
AFPAP latitude
AFPAPlongitude
Approach TCH (Note)

Approarfi TCH unis selcctor
GPA
Coursc width
Alrngth offset
Final approach scgment CRC

Range of valucs
0to15
0to15

Ito36

0to7

0ro48

r90.00
r180.00

-512.0 to 6 0415 m
*1.0"
*1.0"
0 to I 638.35 m or
0to3276.7 ft

0 to 90.00
80 to 143.75 m
0to2032m

Bits
4
4
32
6
2

3

5

8

32
32
32
l5
24
24
l5

used Rcsolution
I
I

I

,

I

oloos 
"r"go0.0005 atcscc

0.1 m
0.fi)05 arcscc
0.0005 arcscc
0.05 m or
0.1ft

0.01o
0.25 m
8m

I
t6
8

8

32

Note.- Inforaution can be providcd in cithcrfcet or metrcs as indicucd by tlu approachTCH
unit selcctor.

SBAS sarvlcc provider ID.' indicatcs the scrvice providor associated with this FAS data
block.

Coding: Sec Table B-27

14 = FAS data block is to bc used with GBAS only.
15 = FAS data block can be uscd with any SBAS servicc providcr

Notc.- Thts pu'amcnr is not used for approaclws conductad uslng GB/J or GRAS
psc ttdo -rang c co fi cctions.

Airport ID: the threc- or fourJcttcr designator used to designate an airport.

Coding: Each character is coded using thc lower 6 bits of its IA-5 rspr€sotrtation. For
cach chafacter, bi is transmitted first,and 2 zero bits arc appended after b6, so that 8 bits
arc transmitted for each character. Only upper casc lctters, numcric digits rnd IA-5
"space" are used. The rightmost character is trangmittcd first. For a threc-charactcr sirport
ID. the rightmost (first transmitted) character shall be IA-5 "space".
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Runway rutmber: the approach runway number

Coding: I to 36 = runlvay number

Note.- For heliport and point-in-space opercttions, lhe runway number value is the

integer nearest lo one tenth of the final approach course, excepl when thal 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

I = R (right)
2 = C (centre)
3 = L (left)

Approach performance designalor: the general information about the approach design.

Coding:0= GASTAoTB
l=GASTC

I = GAST C and GAST D
3 = IIIGAST C, GAST D and an additional approach service type to be

defined in the future
4 = GAST C, GAST D and two additional approach service types to be

defined in the future
5to7=spare

Note.- Some airborne equipntent designedlor Category I perjormance is insensitive to
the value of the APD. It is intended that airborne equipntent designed Jor Category I
petformance accepts APD values of at least I-4 as valid to accommodate future
extensions to higher perforntance 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 bt 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 reJerence 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, andZzero bits are appended after b6 so that 8 bits
are transmitted for each character. Only upper case letters, numeric digits and IA-5
"space" are used. The rightmost character is transmitted first. For a three-character
reference path identifier, the rightmost (first transmitted) character shall be IA-5 "space".

Note.- The LTPIFTP is a point over which the FAS path passes at a relative heighr
specified by the TCH. LTP is normally located at the intersection of the rw*vay
centreline and tlte 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/FIP 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
alignmenl oJ the approach. The origin of angular deviations in the lateral directiott is
defined ro 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.

ZFPAP 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 utrits selector: the units used to describe the TCH

Coding: 0 = feet
I = nretres
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Glide parh 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 rvidth of 80 metres at the
LTP/FTP.

llttrgth offset: the distance from the stop end of the runway to the FPAP

Coding: lll I llll = 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 rvith 9.13. The length of the CRC code shall be k = 32

bits.
The CRC generator polynomial shall be:

G(x) =r.32 ti'rlr2'l +{22 **16' xI4 + xs + x? * x' + xr+x + t

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

272

rnrx272-l : m1x271 + ttt2x270 + ... + m272xorrrG):f
l=1

M(x) shall be formed from all bits of the associated FAS data block, excluding the CRC.
Bits shall be arranged in the order transmitted, such that ml corresponds to the LSB of
the operation type field, andm272 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 - pretlicted ranging source availabiliry. 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-counr.' indicates the time of applicability of the paraneters in this message

Coding: Same as modified Z-count field in Type I message (9.10.4.2).

Number of impacted sources: the number of sources for which duration information
applicable to all approaches is provided.

Coding: 0 = Only specified obstructed approaches have limitations.
I to 3l = The number of ranging sources impacted

Ranging source ID: as for Type I message (9.10.4.2).
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Sourcc availability scnse,'indicatcs whether the ranging source will bccome availablc or
cease to be available.

Coding: 0 = Differential conections will soon cease to be provided for the associated
ranglng source.

I = Differential corrections will soon start to bc provided for the
associated ranging souroe.

Sourcc avallability dwation: thc predicted minimum ranging sourcc availtbility duration
relative to the modified ?count.

Coding: I I I lll I = The duration is greater than or equal to I 270 seconds.

Numbcr ol obstuctcd approachcs: the number of approachcs for which the corrcctions
will bc reduccd duc to approach unique constellation masking.

Rcfcrance path data sclector: an indication of the FAS data block to which the sourco
availability data applies (9. 10.4.5.1).

Numbcr of impacted sources lor this approach: the numbcr of sources for which duration
information applicable only to this approach is provided.

9.10,4.7 TYPE 6 MESSAGE

Notc.- Typc 6 mcssagc is rcscmcdforfuturc use to providc thc itformation rcqubcdfur
Catcgory lll Iil prccision approaches.

9.10.4.8 TYPE 7 MESSAGE

Note.- Tlpe 7 messagc is rcscmcdJor national applications.

9.10.4.9 TYPE 8 MESSAGE

Notc.- T)pc E mcssagc is rcscrvcdfor local and rcgional tcst applications,

9.IO.4.IO TYPE IOI MBSSAGE _ GRAS PSEI.'DO.RANGECORRECTIONS

9.10.4.10.1 Thc Type l0l mcssagc shall provide thc diffcrential correction data for
individual GNSS ranging sources (Table B-70A). Thc messagc shall contain
three scctions:

a) m$sage information (time of validity, additional messagc flag, numbcr of
measurcmcnts and the measurcment typ€);

b) low-frequency information (cphemcris dccorrelation parameter, satetlite
tphemeris CRC and satcllile availability information); and

c) gatcllite data mcasurement blocks
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Note ,- All parameters in this nrcssage type apply to 10)-second carrier-smoothed

pseudo-ranges

9.10.4.10.2 Each Type l0l 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

messaSe.

9.10.4.10.3 Pseudo-range correction parameters shall be as follows:

ModiJied Z-cornr: as defined ia 9.10.4.2.3.

Additional mel$tge flag: as defined in 9.10.4.2.3 except applicable to Type l0l
messages.

Number of measurements: as defined in 9.10.4.2.3.
Measurement typei 

^s 
defined in9.10.4.2.3.

Ephenteris decorrelation parameter (P): as defined in 9.10.4.2.3

Ephemeris CRC: as defined in 9 .10.4.2.3.

Source availability duratiott: as defined in9.10.4.2.3.

Number of B parameters; an indication of rvhether the B parameters are included in the
measurement block for each ranging source.

Coding: 0 = B parameters are not included
I = 4 B parameters per measurement block

9.10.4.10.4 The measurement block parameters shall be as follows:

Ranging source ID: as defined in9.10.4.2.4.

lssue of data(IOD):as defined in9.10.4.2.4.

Pseudo-range correction (PRC): as defined in9.10,4.2.4.

Range rate correction (RRC): as defined in9.lO.4.2A.

op13pi AS defined io 9.10.4.2.4, rvith the exception of the range of values and resolution.

Bl th;roughB4: as defined in9.10.4.2.4.

Note.- Inclusion of the B paranteters in the measurement block is optionalfor Type l0I
messaSes.
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9.I0.4.I I TYPE I I MESSAGE _PSEUDO.RANGE CORRECTIONS - 3O-SECOND
SMOOTHED PSEUDO.RANCES

9'10.4.11.1 The Type ll message shall provide the differential corection data for
individuat GNSS ranging sources (Table 8-708) with 3O-second code-
carier smoothing applied. The message shall contain three sections:

a) message informarion (time of validity, additional message flag, number
of measurements and the measurement type);

b) lorv-frequency information (ephemeris decorrelation parameter); and

c) satellite data measuremcnt blocks.

Note.- Transmissiott of the lorv-fi'equency datafor sBAS ranging sources is optional.

9.10.4.11.2 Each Type I I message shall include the ephemeris decorrelation parameter
for one satellite ranging source. The ephemeris deconelation parameter
shall apply to the firsr ranging source in the message.

Note.- The ephemeris CRC and source availability duration parameters are not
included in the Type I I message because they are provided in the Type I ntessage.

9.10.4.11.3 Pseudo-range correction paramerers for the Type ll message shall be as
follows:

Modified Z-coant.' as defined in 9.10.4.2.3.

Additional message Jlag: an identification of whether the set of measurement blocks in a
single frame for a particular measurement type is contained in a single Type I I message
or a linked pair of messages.

Coding: 0 = All measurement blocks for a particular measurement type are contained in
oneType ll message.

I = This is the first transmitred message of a linked pair of rype I I messages
that together contain the set of all measurement blocks for a particular measurement type.

2 = Spare

3 = This is the second transmitted message of a linked pair of Type I I messages
that together contain the set of all measurement blocks for a particular measurement type.

Number oJ measuremerrlr.' the nunrber of measurenrent blocks in the message.

Measurement type: as defined in 9.10.4.2.3.

Ephenteris dtcorrelatiotr 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 ephenteris decorrelation
parameter P provided in the Type I message. Additional infornntion regarding the
difference in these parameters is given in ANS T'echnical standards part II vol. I,
Attachnent 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 in9.10.4.2.3.

Pseudo-range correction (PRCj0): the correction to the ranging source pseudo-range

based on 3O-second carier smoothing.

Range rate correction (RRC30): the rate ofchange of the pseudo-range colrection based

on 30-second carrier smoothing.B- l7

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 I message at the GBAS reference point
(9.10.5.5. I and 9.r0.7 .2.2.4).

Note.- The parameter sPr- gud-D differs from sprSnd for the corresponding

measurement in the Type I message in tlnl spr- gnd-D should include no inflation to

address overbounding of decorrelatecl ionospheric errors.

Coding: llll ll I l= Rangingsourcecorrection invalid.
sitfria_PRlitd_3os (oiriliitl_30)::the stdridard-deviation of a nornial 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 norntal distibution N(0, spr3nd-j|) is intended to be an appropriate
description of the errors to be used in optimizing the weighting used in a weighted least

squarcs position solutiott. The dist'ibution need not bound the enors a.r described in

9.1 0 5.5.1 and 9.1 0.7.2.2.4.

Coding: I I I I llll= Ranging source correction invalid.

9.I0.5 DEFINITIONS OF PROTOCOLS FOR DATA APPLICATION

Note.- This section defines the inter-relationsltips of tlrc data broadcast rnessage

parameters. lt provides defittitiotrs oJpara,rrcters that are not trans,rtitled, bu are used

by either or both non-aircraft and aircraft elements, and that define ternrs applied to
deternrine the navigation solutiort 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 colrections applied to

them. The carrier smoothing is defined by the following filter:

where

Pcrcr=aP+(t-o) (**, + 
frt+,- s,.il
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PCSCn = the smoothed pseudo-rangc;
PCSCn-l = the previous smoothed pseudo-range;
P = the raw pseudo-range meesuremcnt where the raw pseudo-range

measurcments are obtained from a carrier driven code loop, first order or highcr
and with a one-sided noise bandwidth grcatcr than or equal to 0.125 Hz;

I = the Ll wavelength;

Qn = the carrier phasc;

0n-1 = the prcvious cartier phase; and
tr = the filter weighting function equal to the sample interval divided by the
smoothing time

constant. For GBAS pseudo-range corrections in Message Type I and Message
Typc l0l, 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 Typc I I, the smoothing time constant is 30 seconds.

9.10.5.2 Coruccted pscudo-range. The corrected pseudo-range for a givcn satellite at

time r is:

PR*.o.u- pcsc + HRC +RRC x (t -tz-cotrot) + TC + c x ( tnlll

Where

PCSC

PRC

RRC

E-count

= the smoothed pseudo-range (defined in 9.10.5.1);

= the pseudo-rangc correction from the appropriate message

a) For l0O-sccond smoothed pseudc.ranges, PRC is taken from
message type I or type l0l (deflrned in 9.10.4.2,

b) For 3o-second emoothed pscudo-ranges, PRC is PRC30 takcn from
mcssage typc I I defined in 9.10.4.1l;

= the pseudo-range corrcction rate from the appropriate message a) (For
l0O-second smoothcd pseudo-ranges, RRC is taken from messago typc L or
type l0l defined in 9.10.42,

b) For 3O-second smoothed pseudo-rangcs, RRC is RRC30 taken from
message type I I defined in 9.10.4.1l;

= the current time;

= the time of applicability derived from the modified Z-count of the
message containing PRC and RRC;

= thc tropospheric correction (defined in 9.10.5.3); and

c and (Atsv)Ll arc as defined in952.2 for GPS satellites.

TC

9. I0.5.3 TROPOSPHERTC DEI.AY
9.10.5.3.1 Thc tropospheric correction for a given satellite is:
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10-s
16 - N,hs

* siu (Eli)

Where

Nr = refractivity index from the Type 2 message (9.10.4.3);

Ah = height of the aircraft above the GBAS reference point;

EI1 = stsv61i., angle of the ith satellite; and

ho = troposphere scale height from the Type 2 message.

9.10.5.3.2 The residual tropospheric uncertainty is:

10-6

\re-o6z +srrTqntg

where o, = the refractivity uncertainty fronr the Type 2 message (3.6.4.3).

9.10.5.4 Residual ionospheric uncertainty. The residual ionospheric uncertainty for a

given satellite is:

oi*o = Fpp x ovit x (xn,, + 2 x T x v.,r)

where

Fpp = the vertical-to-slant obliquity factor for a given satellite (9.9.5.5.2);

o"ir = is dePendent on the active GAST'

For GAST A, B or C, o,is = o"cn-im-godicnr(as defined in 9.104.3); For GAST D'
ovig = orvcn_imlndicnr_D (as defined in9.10.4.3.2.2):

xoir = the distance (slant range) in metres betlveen current aircraft location and the

GBAS reference point indicated in the Type 2 message;

x = is dependent on the active GAST.

For GAST A, B or C, r =100 seconds (time constant used in 9.10.5.1); and

For GAST D, the value of t depends on whether o.". is applied in measurement
weighting or in integrity bounding. t = 100 seconds when oiono is used for
integrity bounding (per section 9.10.5.5.1 .l .l ) and r = 30 seconds when oi*o is
used for measurement weighting (per section 9.10.5.5.1.1.2).

vrir = the aircraft horizontal approach velocity (metres per second

9.10.5.5 PROTECTIONLEVEI-S

9.10.5.5.t Protectiotr 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:

otropo : oullu

(1 - e-e/ttol

(1- e-arfio1
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VPL = MAX{VPLHo,VPL,gr}

LPL = MAX{LPLHo,LPLHT}

9.10.5.5.1.1 Normal measurcment conditions

9.10.5.5.1.1.1 The vertical protection level (VPLH0) and larcral protection level
(LPLHO), assuming that normal measurement conditions (i.e. no faults)
exist in all reference receivers and on all ranging sourcest is calculated as:

WL"o:K**cor"n,+Dv

LPLro=K+n uo**D.
Wherc

s*t: s-usr# x cr,l

lt
fi*o: s-Idrx x {

s4= atpJal +o,{r,toJ* o13r3g*fiL.6
and

or.-cdi is depcndent on the active GAST.
For GAST A, B or C: or.loai = o plnd for the i6 ranging sourcc as

defined in (9.10.a.2):
For GAST D: opr$dj= opr-r,,a-o for the i6 ranging sourco (9.10.4,1l);
d*r,i , de.-.r,; and o2;-; are as defined in section 9.10.5.5.1-1.2;

Knoa = the multiplier derived from the probability of fault-free missed detection;

s-verq = Sy;* S11 x tan (GPA);
s-laq = sy;l
sxj = the partial derivativc of position error in thc x-dircction with rcspcct to

pseudo-range error on the ith satellite;

sYJ = the partial derivative of position error in the y-dircction with rcspcct 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 solutiorr.

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 3O-second and l0O-second position
solutions.

DL = an airborne determined parameter depending on the active GAST For GAST
A, B or C: DL = 0 For GAST D: DL is calculated as the magnitude of the

lateral projection of the difference between the 30-second and lO0-second

position solutions.

Note l.- The airborne 30-second and |0)-second position solutions, DV and DL are
defined in RTCA MOPS DO-253D.

Note.2- The coordinate reference lrame 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. l. I .2 For a general-least-squares position solution, the projection matrix S is

defined as:

S

Sr,,N

Sy,N

Sr,,N

srH

srq

E,,
sv

s.,

sy,r

Srrr

2

2

2

:(GrxWxG)-'xGrxW

where

Lli [-cos EI Eos.44-rsi Eli Eir.4q-sinEL l] = i&mn of G; uad.
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alt

{}

0

0

.*-
a
I
I

tr
'a

a
,

I

at I0 d*

where dwr= o'n,,or* o lrropot + o 2r.-r+ o !r*ri

wherr
or-rrJ= is depcndent on the activc GAST.
For GAST A, B or C or thc GBAS positioning service: o"-sal = o n -_1 for
the ith ranging sourcc arB dcfincd in (9.10.4,2); For GAST D: o"j,,al=
o"_r4;qfor thc i6 ranging source (9.10.4.1l);
ompoJE thc rtsidual tropospheric uncert8inty for the ith ranging sourcc
(9.105.3);
ot-.r = the rpsidual ionosphcric delay (due to spatial dccorrelation)
uncertainty for thc ith ranging source (9.10.54); and

&--; tEr,I + tr*r.+*tEh),
thc standard doviation of thc aircraft contribution to thc comectcd pscudo-range error for
the ith nnging sourpc. Thc totsl aircmft contribution includcs the recciver contribution
(9.10.8.2.1) and a st&dard allowancc for airframc multipath;

wherc

o,,,*ro,(Eli) = 0.13 + g53t-auo{, thc standard model for thc contribution of airframc
multipath (in motrcs);
Eli = thoclcvation anglc for thc it ranging source (in dcgrcos); and
Azr = thp azimuth for thc io ranging eourcc taken counter clockwise for the x axis (in
dcgrees),

Notc.- To improvc rcadability, the subscript i was omittcd from thc projcction matrix,s
equation.

9.105-5.12 Faultcd naa$$cmcnt conditions. Whcn thc Type l0l message is broadcast
without B paramctcr blocks, the values for VPL111 and LPLrl are dcfined as

zcro. Otherwisc, thc vcrtical protection levcl (VPL1,) and latrral prctcction
levol (LPI4r,), assuming that a latcnt fault exists in onc, and only one
rcferencc rpcciver, arc:
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VPLSI = max [VPL,I t D"
LPLP' = max ILPLj] + Di

where VPLrand LPL, for j = I to 4 areVPLj- lB_,"n1+ Kn6o""1s; 3od

LPL; = 18_691 f K,aqr.r,6r

Dv = an airborne determined parameter depending on the active GAST (9.10.5.5.1 .l.l)
D,. = an airborne determined parameter depending on the active GAST (9' 10.5.5.1 .l .l )

atrd

B-.o! = f,l!,(s-vtrtlx Er;);

B-L! =f,;!,(s-hqxBg);

ej = ilre hm&ast difftreoces behr,teu 0re koa&ast P!€tdsfirye cortctioos.ud the-' 
corrBctimg obhiued escluding 6e jt refereoce rcceiver mafluerlxtrt for the i" raaging

5oruce;

Iqd = the nnrltiplier defitd ftmr dre pobability of nrissed &tectiou girur that tlre gouod

n$sfteois faulted;

olorxr = X[, G-u.,tf x c-Hlf);

or4nr = X[, G-t"t!x a-Hlf);

o-HP, = ffi dnra*o'no,+d*oor+o:,o,q,i

o"3na; is dependent on the active GAST'
For GAST A, B or C: oprjndr = op.-rnd for the ith ranging source as defined in

(9.104.2);
For GAST D: oprgnd,i = opr-gnd-D for the ith ranging source (9'10.4.1l);

g 
2rrcpo; , o 2pr-airj and o 2;o-.; are as defined in section 9'10'5'5'l'l '2:

Mi = the number of reference receivers used to comPute the pseudo-range

corections for the i"
ranging source (indicated by the B values); and

Ui = the number of reference receivers used to comPute the pseudo-range

corections for the itlr
ranging source, excluding the jth reference rcceiver.

Note.- A latent fault includes any erroneous measurenrcnt(s) that is not intmediately
detected by the ground subsystem, such that the broadcast data are alfected and there is

an induced position error in the aircratt subsystem.
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9.10.5.5.1.3 Definition of K ntultipliers for GBAS approach seryiccs. Thc multipliers
arc givcn in Tablc 8-67

Table 8-67. K-multipliers for GBAS approach services

Mi
Multiplier I 

(Nor.) 2 34
Kna
K,rrd

6.86
Not used

5.762
2.93s

5.8r
2.898

5.847
2.878

Note.- For GAST A sttpported by Type 101 messageE broadcast without the B parametcr
block.

9.t0.5.5.2 GBAS positionkg service. The signal-in-space horizontal protcction level is
an upper confidcnce bound on thc horizontal crror in thc position rclative to
the GBAS refercnce point defined as:

HPL = IT46;11HPI{OTPLHI }IEB }

9.10.5.52.1 Normal mcaaurcmcnts condttions. Thc horizontal protection level (tIPL,'o),
assuming that normal measuremcnt conditions (i.e. no faults) cxist in all
rcfercncc rcceivers and on all ranging sounccs, is calculated as:

IIPL6,-r*",.ffid".t

tfrffe: d*i*= (#)'+++
2

4 =Ell'*ioi

4 =f,Et*pf

4s=XI!rstit'iof
sx,i = the partial derivative ofposition error in thc x-direction with respect to
pseudo-range enor on the i6 satellite

8yj = the partial derivative of position error in thc y-direction with rcspcct to
pseudo-range enor on thc ith satellitc

Knnoros = the multiplier dcrived from the probability of fault-free missed detcction
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= the number of ranging sources used in the position solution

= the ranging source index for ranging sources used in the Position solution

= the pseudo-r'ange eror term as defined in 9.10.5.5'l.l

Note.- F-or the GBAS positioning service, the x and y axes defne an arbitrary
orthogonal basis irt the horizontal plane.

9.10.5.5.2.2 Faulted nrcasurenont conditions. When the Type 101 message is broadcast

rvithout B parameter blocks, the value for HPLs' is defined as zero.

Otherrvise, the horizontal Protection level (HPLH,), assuming that a latent

fault exists in one and only one reference receiver, is:

HPL; = lg-hq1z,l + K* posdnreiorfil

wtcre HPlr forj = I to 4 is:

fld 
HpLl- lB_horz/ +K+mod-om

B-hoq =

- lh. broidc:rsr diffe(oc6 bch\En be broadcast pGado-rdolf correcrioos and lh. cofrccti(,os obllio€d

cscluding thc j6 reftrmcc rcceivcr msr$rcuEol for rlr ii raoging some.

- themrlriplierdcrivcdftourrtrcprobabiliryofmisscddclcctiooBivtrlltat{EEf(,tlrderb6ldcmisfrullc(

",,)'.(g+,*,)
BU

ILr-rcs

f* a_nrl -
do4-lr = +

2
+a_n]

N

a-nrif qo-xri
Fl

N

o-nr3-I*ro-nrl
it
N

o-nro-f q5:o-Hri
ht

Note.- For ttrc GB.IS postilont ts s(,.:Itce, lho x till y @ios d€nw @t arbfitwy onhogondl bdsls ht tha horl2onldl Pldne

,-n4 = (fl)4-,+, + of,-1 + d-4 + dr*oi

- thc nurubcr of rcftrcrrc rccci!'€rs ugcd to coupue 6c pcrdo-rangc correctioos for thc it rarying sourcc

(irdicaled by ltr B !alues).

- the nunber of rc&rcocc rtceilus uscd lo coopr(c tlrc pardorugc clrrcttioos for tte i6 rangiog source,

erctuding thej6 rcfcnoce rcceivcr-

Note.* A latent Jault includes any erroneous nteasurement(s) that is trot immediately
detectecl by the ground subsyslem, such that the broadcast data are afJected and there is

an induced position error in the aircraft subsystem.

M

Ui
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9.10.5.5.2.3 Definition of K multipliers fur GBAS positioning servicc. The multiplier
Kn,,6_pssis equal to 10.0 and the multiplier K*_.r, is equal to 5.3.

9.10.5.6 ALERT LIMITS

Note l.- Guidance concerning the calculation oJ alert limits, including approachcs
associated with clanncl numbers 40 0N to 99 999, is providcd in ANS Technical
Standards Part II Vol l, Attachncnt D,7.i,3.

Note 2. - Computatiott olalcrt limits depends on thc active service rype.
9.10.5.6,1 GAST C and D alert limits. The alert limits are dcfined in Tables 8-68 and B-

69. For aircraft positions at which the lateral deviation exceeds twicc the
dcviation at which fitll-scale lateral deflection ofa course deviation indicator
is achieved, or vcrtical dcviation excecds 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 sct to the maximum values given in the
tables.

9.10.5-6.2 GAST A and B alert limits.The alert limits arc equal to the FASLAL and
FASVAL takcn from the Type 4 message for approaches with channcl
numbers in the range of 20 0Ol 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 databasc.

9.10.5.7 Channel numbcr. Each GBAS approach transmitted from thc ground
subsystcm is associated with a channel number in the range of 20 fi)l to 39
999. If provided, the GBAS positioning scrvice is associated with a scparatc
channel number in the range of 20 0Ol to 39 999. The channel number is
given by:

Channel number = 20 000 + ,lO(F - 108.0) + 4l l(S)

Where

F = the data broadcast frequency (MHz)
S = RPDS or RSDS

RPDS = the reference path data selector for thc FAS data block (as defined in
9.r0.45.1)

RSDS = the refercnce station data selector for the GBAS ground subsystcm (as
defined in 9.10.4.3.1)

and
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Table 8-68. GAST C and D lateral alert limit

Height above LTP/FTP of aircraft
position
translated onto the final approach
path
(feet)

Vertical alcrt limit
(metres)

Hs200
200<Hsl340
H> I 340

Table 8-69. GAST C and D vertical alert limit

FASVAL
0.02925H (ft) + FASVAL - 5.85
FASVAL + 33.35

Horizontal distance of aircraft
position
from the LTP/FTP as translated
along the final approach path
(metres)

Lateral alert limit
(metres)

Ds873
873<Ds7500
D>7500

FASLAL
0.0044D (m) + FASLAL - 3.85
FASLAL +29.15

For channel numbers transmitted in the additional data block 2 of Type 2 message (as

defined in9.10.4.3.2.1),only RSDS are used.

Note l.- When the FAS is not broadcastfor an approach supportecl by GAST A or B, the

GBAS approach is associated with a clwnnel rutntber in the range 40 000 to 99 999.

Note 2.- Guidance material concerning channel rutmber selection is provided in ANS

Technical Standards Pan II, Vol l, Anachment D,7.7.

9.I0.5.8 EPHEMERIS ERROR POSITION BOUND

Note.- Ephemeris error position bouncls are computetl otrly for core satellite
constellation ranging source$ used in the position solution (i index) and not for other
types of ranging sources (SBAS satellites or pseudolites) that are not subiect to
undetected epheneris lailures. However, tlrc calculations of these position bounds use

information lrom all ranging sources used in the position solution (i index).
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9.10.5.8.1 GBAS approaci. The vertical and lateral ephemeris error position bounds
arc defined as:

VEB=MAX;(VEB,)+D,

LEB=MAX;{LEBj}+Dt
The vertical and lateral ephemeris error position bounds for the j'h core satellite
constellation ranging source used in the position solution are given by:

l{
VEBr=lr-vcrt llq{ s_veftr'xof

HI

l{
m,:ls-t*11 f s-tufxd

hl

whcre:

DV = an airbornc detcrmincd paramctcr dcpending on the active GAST
(9.10.5.5. r .1 .1)

DL = an airborne determined parameter depending on the active GAST
(9.105.s.1.1.1)

s-verqsj is defined in 9.10.5.5.1.1

sJatrai is defined in 9.10.5.5.1.1

x.L is defined in 9.10.5.4

N is the numbcr of ranging sources used in the position solution

q is defined in 9.10.5.5.1.1

Pcj is the broadcast epherneris dccorrclation parameter for the jt ranging
source. Thc source of this paramcrcr depends on thc active GBAS approach service type:

Kora-.j

GAST A, B or C: P6P from the Type I or Type l0l Messagc
corresponding to the jh ranging source. (section 9.10.4.23) GAST D:
P.;Pe from thc Type I I Message corresponding to the jh ranging
source. (section 9.10.4. 1 L3).

is the broadcast cphemeris missed detection multiplier for GAST A-C
associatcd with the sate[ite constellation for the jth ranging source
The sourcc of this parameter depends on the activc GBAS approach
service type:

GAST A, B or C: Kmd-ej = Kmd_e,GPS or Kmd_eGIONASS as
obtained from the Type 2 Message Additional Data block I (scction
9.10.4.3.1)

GAST D: Kmd-cj = Kmd-c-D,GPS or Kmd_g-D,GLONASS are
from the Type 2 Message Additional Data block 3 (section
9.1o.4.3.2_2).
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9.10.5.8.2 GBAS positioning service. The horizontal ephemeris error position bound is

defined as:

HEB = MAX{HEBj}
J

The horizontal ephemeris error position bound for the j'h core satellite constellation
ranging source used in the position solution is given by:

rcq ': [un**j l**q * Hr6 s Fofidr*]o,

Sno, j2

srj.

svi

Xrir

Pj

where:

= S.j2fSyj2

is as defined in 9.10.5.5.2.1

is as defined in 9.10.5.5.2.1

is defined in 9.10.5.4

is the broadcast ephemeris decorrelation parameter for the j'h ranging
source. The source of this parameter does not. depend on the active
GBAS approach service type. In all cases Pj=P from the Type I or
Type l0l Message (section 9.10.4.2.3) corresponding to the jth ranging
source.

is the broadcast ephemeris missed detection multiplier for the GBAS
positioning service associated with the satellite constellation for the j'h

ranging source (Kr6_"_ps5,cps or K*r_" posc,-ox^ss)

is as defined in 9.10.5.5.2.1D.oj.,

K*-"--,

9. 10.5.9 Ionospheric gradient error

The maximum undetected 3O-second smoothed corrected pseudo-range error due to an

ionospheric gradient (EIG) is calculated, based on the broadcast Parameters YEIG and

MEIG, as:

EIG=YEIG+MEIGXDEIG

Where

YEIG = maximum value of EIG (metres) in the Type 2 message;

MEIG = slope of maximum EIG (m/km) in the Type 2 message;

DEIG = the distance in kilometres between the LTP location for the selected approach

broadcast in the Type 4 Message and the CBAS reference point in the Type 2 message

9.I0.6 MESSAGETABLES

Each GBAS message shall be coded in accordance rvith the corresponding message

fornrat defined in Tables B-70 through B-73,

F
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Notc .- Message type structwe is defined in 9.10.4.l

Table B-70. Type I pseudo-range corrections message

Drte matrat BiEosd Rnpofrztrr Rsolltim

ModificdZ-ctnnl
Addititnal'msagic flaS
Ifrrorbo of nnsmoor $[)
Measurmttlpe
Ephcuais &mrrcletim garacter (P)

F$cocdsCRC
Saucc availaUlity dratm
ForN mcasrancotblocks

RargingsorcclD
Issrofrhh(OD)
Pscud+rmge comctim (PRQ
Raage rrtc corrcclho (RRQ
Oor d
B1

B2

B3

Bl

0to I 199.9 s

0lo 3
0to l8
0to7

0ro l.r5 x ltr,do

0 ro2 540s

l4
2
5

3

8

l6
I

8

8

l6
16

8

8

8

8

8

0.1s
I
I
I

5 x l0{mro

t0s

I to 255
0 lo 255

t327.6? m
*32.767 ds
0 to 5.08 ur

+6.35m
*6.35 or
*635m
*635m

I
I

0.01m
0.001ds
0.02m
0.05 n
0-05 m
0.05 lu
0-05 m

Tablc B-70A. Type l0l GRAS pseudo-range corrcctions mes

hEcGtrd BibEd tlpofuh Eroluirn

ModilidZcouut
Addilimalmsopfag
lftdcrofmucmrfr{)
IvftasurarnttlT.
f&mis duqclatioo parrem (P)

Eph.,ffiisCRC
Souce avlihHliry dratioa
lftderofBparocas
Sparc
ForNuaarmtbb&

RangiqgsurcelD
I$rEofdah(IOD)
Bado-ra&ccrcclim(IRQ
Ituge ntc corcctioo (RRC)

ftFc
B leretr bloct (if pmvidcd)

B1

Br
83

Br

l4
2
5

3

E

l6
8

I
7

8

8
l6
l6
8

0to I199-9s
0to3
0to18
0to7

0 to 1275 x l0'r m/iu

0 to 290s
0 or4

I to 2J5
0 lo 255

*32-1.67s
*32.167 alt
0 to 50.E m

+25.4m
*25-4 n
*25.4 or
+t{.4 m

0.1 s

I
I
t

5 x l04dt

10s

t
I

0.01 m
0.001 orts

0.? o

0Jar
0.2m
0.2m
02m

I
8

I
I
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Table B-70B. Type I I pseudo-range corrections (30-second smoothed pseudo-ranges)

message

Data corrtent Bits used Ranpe ofvalues Resolution
Modified Z-count
Additional message flag
Number of measurements
Measurement type
Ephemeris decorrelation
parameter D (PD) (Notes l, 3)
For N measurement blocks:
Ranging source ID
Pseudo-range corection
(PRC30)
Range rate correction (RRC 30)
Sigma-PRgnd_D (sprgndD)
(Note 2)
Sigma-PR-gnd-30s
(spr jnd 30) (Note 2)

t4
2
5

3

8

0-l199.9sec
0-3
0- l8
o-7
0 - 1.275x10-3
m/m

| -255
*327.67 m

x32.767 mls
0-5.08m

0-5.08m

0.1 sec

I
I
I
5xl0-6 m/m

I
0.01 m

0.001 m/s
0.02 m

0.02 m

8

l6

l6
8

8

Notes:
I . For SBAS satellites, the parameter is set to all zeros .

2. I I 1 I I I I I intlicatcs the source is invalid.
3. Parangter is associated with the first ffansmitted measurement block.

Table B-71A. Type2 GBAS-related data message

Data content Bits used Range of
velues

Resolution

GBAS reference receivers 2
Ground accuracy designator letter 2
Spare I
GBAS continuity/integrity 3

designator
Local magnetic variation l l
Rcserved and set to zero (00000) 5

Orcnionogndicnt 8

Refractivity index
Scale height

Refractivity uncertainty
Latitude
Longitude
GBAS reference point height

Additional data block I (ifprovided)
Reference station data selector 8

Maximum use distance (Dmax) 8

8

8

2to4

0to7

rl80'

0 to 25.5 x
l0{ m/m
16 to 781
0 to 25 500
m
0 to 255
i900"
r180.00
t83 886.07
m

0to48
2 to 510 km

0.25'

0.1 x lG{ m/m

3

100 m

I
0.0005 arcsec
0.0(X)5 arcsec
0.01 m

I
2km

8

32
32
24
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K,ro.POSOPt 8

K*oo 8

K,laoPOSOf.OXrSS 8

K,n *OfOn^Sa 8

Addltional data blocks (repeated for all providcd)
Additional data block length 8

Additional data block number 8
Additional data oaramcters Variable

0 to 12.75
0 to 12.75
0 to 12.75
0 to 12.75

2 to 255
2to255

0.05
0.05
0.05
005

Note, - Muhiple additional data bloclu may be appcnded to aType 2 message

Table B-71B. Type 3 null messagc

hhcotu 8ibn:.d R.!$oIvrh.!

Filk Vuieble(Notc) MA

Table B-72. Type 4 FAS data message

Data content Bits used Rangc of vdues

Rreoluio

NA

Resolution
For N data sets
Data set lcngth 8
FAS data block 304
FAS vertical alert limiUapproach status 8

(l) whcn associatcd approach
pcrformance designator
(APD) is codod as 0
(2) whcn associatcd approach
performancc dcsignator
(APD) is not codcd as 0
FAS latcral alert I
limit/qpproach status

2to2LZ

0 to 50.8 m

0to25.4m

0 to 50.8 m

I byte

0.2 m

0.1 m

0.2 m
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Table B-73. Type 5 predicted ranging source availability message

Drn coueut BitrEd Rrnge ofralue: Rsohdioo

N'lodified Z-count

Span
I.irurilxr of iuprcled solmes (If)
For N inpacted sorrcei

Rmgug source ID
Sanrce arailabilitv setue

Source ar,rilabilify dmtiorl
Iftnbtr of obsfuted npproacbes (A)

ForA offitrcted approacks
Reference path data sehctsr
Nuruber of inpacted source for ftis
approach (N.a)

ForN-1 inpacted rmging sources for this

apprmch
Rraging soucelD
Source arailabiliry- sens€

Source arrilability duratioo

l4
2

I

I
1

7

I

8

8

0 to I 199.9 s

0to3l

t to 255

0to1270s
0 to 255

0to4S
1t031

1to2>5

0tol270s

0.1 s

1

I

l0s

I

I

I
I
7 l0s

9.I0.6.I PERFORMANCE

9.10.6.1 .l Accuracy

9.10.6.1.1.1 The root-mean-square (RMS) (l sigma) of the ground subsystem

contribution to the corrected l0o-second smoothed pseudo-range accuracy

for GPS and GLONASS satellites shall be

(ao * a1e-on/oo)2
* (az)?RlvlSels6 !

M

rvhere
M = the nunrber of GNSS reference receivers, as indicated in the Type 2

message parameter (9.10.4.3)pr, when this parameter is coded to
indicate "not applicable", the value of M is defined as l;

n = nth ranging source;
0n = elevation angle for the nth ranging source; and

fo, a,, a2, and 0o = parameters defined in Tables B-74 and B-75 for each of the
defined ground accuracy designators (GADs).

Note l.- The GBAS g,round subsystem accuracy requirement is deternined by the GAD
letter and the nwnber of reference receivers.
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Non 2.- The ground subsystem contribution to the corrcctcd |\l-sccond smoothcd
pscttdo'rangc error spccificd by the curvcs dcfined in Tables B-74 and B-75 and thc
contribution to the SBAS satelliEs do not includc aircraft noisc and aircraJt multipath.

Tabfc B-74. GBAS - cPS accur.cy rcquircment paramctcrs

Gqdxcrlasy
rr+Etlhlhr

q,
(dqrt r)

r:&ao
(DtG,) (dE) (d.F.r) (urrr)

A
B
c

143
15.5,I

14.3

15.5

Y

lJ8
03
0-3

0.48

A
B
c

:,5
>5
>15

5to35

0.5
0.16
0-15
024

1.65
1.07
0.84

0

0.08
0.08
0.0{
0.04

Table B-75. GBAS - GLONASS accuracy requirement paramelers

Grmdrcctrlq'
dFtnrhLk (&grr* (utoE) @drg) (&F.t) (dr)

0.078
0.078
0.w
0.042

9.10.6.1.1.2 Thc RMS of the gound subsysrcm contribution to rhe conrctcd to0-
second smoothed pscude.range accuracy for SBAS s8tellites shall be:

ws,*-u= ffit***O
whcrc M is as dcfincd in 9.10.7.1 .1.1.

Notc.- GAD classificationstor SB,4S ranging soutccs atc undcr dcvclopmcnt

9.10.6.1.2 Integrity

9.10.6.1.2. I GBAS ground subsystcm integriry risk

9.10,6.1.2.2 Ground subsystem intogrity risk for GBAS approach services

9. 1 0.7' l'2, 1. 1. 1 Ground subsystem signal-in-spacc intcgrity risk lor GBAS approach
servicc rypes A, B or.For a GBAS ground subsystcm classified as FAST A, B or c , the
integrity risk shall bc less than I .5 x 1.0-7 per approach.

Y:" l.- Thc integrity risk assigncd to thc GBAS growtd subsystcm is a subsct ol tlleG!{ _ signal-in-spacc intcgrity rlsk, wherc the protection t vel intcgrity ritk
(9.10,7,1 22.1) has becn qcluded and thc efiecrc of ail othcr GBAS, ssA.t and core
sltTuilc constellations tailurcs are includ,ed. The GBAS ground subsystcm intcgrity risk
hcludcs the intcgrity risk of satelllte sigrul monitoring required in g.io.l s s .

acatfoc

>5
25
>35

5to35

5.18

2.12
1.fi

0

L
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Nore 2.- GBAS signat-in-space integrity risk is definecl as the probability that the

ground subsystetn provides infonnation which when processed by a fault-ftee receiver,

using any GBAS tlata tlat could be used by the aircraft in tlrc semice vohnrc,, results itt

an out-9f-tolet.ance lateral or vertical relative posilion error without atnwrciation for a

period longer than the nruximum signal-in-space time-to-alert. An out'of'lolerance

laleral or vertical relative position error is defined as an error that exceeds the GBAS

approach services protection level and, if additional data block I is broadcast, the

ephemeris error positiort bouttd.

9. 10.7.1.2.1 .1.2 Ground subsystem signal-itr-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 l0-7 per approach.

Note L- The integrity risk assigned to rhe GBAS ground subsystem classified as FAST D
is a subset of rhe GBAS signal-in-space integrity risk, where the protection level integrity

risk (9 .10 .7 .1 .2 .2 .l ) has been excluded ancl the effects of all other GBAS, SBAS and core

satellite constellations lailures are included.

Nore 2.- For GAST D the GBAS'iignal-itr-spatc iiitogrity risk is definid cii the

probabititl' that the ground subsystem provides information which when processed by a

fauh-free receiver, using any GBAS data that could be used by the aircraft in the service

voltute, in the absence of an ionospheric anomaly results in an out-of+olerance lateral
or vertical relative position error without annunciation for a period longer than the

maximum signabin-space time-to-alert. An out-o;f-tolerance lateral or vertical relative
posirion error is elefined as an error that exceecls the GBAS approach services prolection

level and the B-32 ephemeris error posilion bound, For GAST D, out of tolerance
conditions cause( by anomalous ionospheric errors are excludedlrom this integrity risk

as tlu risk due to ionospheric anomalies has been allocated to and is mitiSated by the

airborne segment.

g.lo.7.l.2.l.l .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 inlormation for longer than 1.5 seconds shall be

less than I x l0-e in any one landing.

Nore I .- This additional integrity risk requirement assigned to FAST D GBAS Sround
snbsystems is defined in terms of the probability that internal ground subsystem Jaults
generute non-compliant informatiott. Non-contpliant infurmatiotr in this context is
defined in terms of the intended function of the ground subsystem to support landing

operations in Category III minima. For example, non-compliant information inchtdes any

broadcasr signal or broadcast injormation that is not monitored in accordance with the

standard.

Note 2.- Environmental cottditions (anomalous ionosphere, troposphere, radio

fi.equencl, interference, GNSS srgnal multipath, etc.) are not considered faults; however,

faults in ground subsystem equipmenl used to monitor for or mitigate the effects of these

environnrental cottditions are included in this requirement. Similarly, the core satellite
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cctnstellalion ranging source faults are excluded fi'om this requirement; however, the
ground subsystem's capability to provide integrity monitoring fot. these ranging sottr.ces
is included. Monitoring requirements for ranging source fault.s and ionosphere
environntental conditions are separately specified in 9.10.7.3.3.2,9.10.7.3.3.3 attcl
9.10.7.3.4.

Note 3.- Faults that occur in ground receivers used ro generate the broadcast
correctiotrs are excludedfrom this requirentent if they occur in any one, and only one,
ground receiver at any time. Suclt faults are constrained by the requirement in
9.10.7.1 .2.2.1 .2 and the associated integrity risk requirentent in 9.10.7.1 .2.2.t and
9 .107 .1 .2 .2 .1 .1 .

9.10.7.1.2.1.2 Ground subsystem time to alertfor GBAS approach services

9. 10.7. I .2. I .2. I Maximwn time to alert for approach services

9.t0.7.1.2.1.2.1.1 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 I messages are broadcast.

Note l.- The groutd subsystem time-to-alert above is the time between the onset of the
out'of'tolerance lateral or vertical relative position error and tlu transmbsiott of thc
last bit ol the nrcssage that contains the integrity data that refiects the conditiott.

Note 2.- For FAST D ground subsystems, additional range dontaitt monitoring
requirements apply as defined in section 9.10.7.3.3.2,9.10.7.3.3.3 and 9.10.7.3.4. In
these sections, time lintits are defined for the ground system to detect and alert the
airborne receiver of otu-oJ-tolerance differential ps eudo-range err-ors.

9.10.7.1.2.1.2.1.2 For a ground segment classified as FAST A, the GBAS ground
subsystem signal-in-space maximum time-to-alert shall be less than or equal to 5.5
seconds when Type l0l messages are broadcast.

9.10;1.1.2.1.3 Ground subsystem FASLAL and FASVAL

9.10.7.1.2.1.3.1 For Message Type 4 FAS data blocks with APD coded as l,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, shalt
be no greater than l0 metres.

9.10.7.1.2.1.3.2For message Type 4 FAS data blocks rvith APD coded as zero, rhc
value FASLAL and FASVAL shall be no greater than the lateral and vertical alert
limits given in ANS Standards Part II, volume 1,3.7.2.4 of this document for the
intended operational use.
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9.10.7.1 .2.1.4 Ground subsystent signal-itt-space integrity riskfor GBAS positioning

service. For GBAS ground subsystem that provides the GBAS positioning service,

integrity risk shatl be less than 9.9 x l0-8 per hour.

Note I .- The integrity risk assigned to rhe GBAS growtd subsystem is a subset ol the

GBAS signat-itt-space integrity risk, wherc the protection level integrity risk
(9.t0.7.1 .2.2.2) llaa.s been excluded and the elfects of all other GBAS, SBAS and core

satellite constellations failures are iuchuletl. The GBAS growtd subsystem integrity risk
includes the integrity risk of satellite signal ntonitot'ing requircd in 9-10.7 -3.3.

Note 2.- GBAS signal-in-space integrity risk is defined as the probability tlrut tlte

ground subsystent provides information which when processed by a lault-free receiver,
using any GBAS data that could bc used by the aircrafi, results in an out-of-tolerance
horiZontal relative position error without annunciation for a period longer than the

maxintum time-toalert. An out-of'tolercutce 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 Tinre to alertfor GBAS pctsitioning service.The GBAS ground

subsystem maximum time-to-alert shall be less than or equal to 3 seconds when Type I
messages are broadcast and less than ol equal to 5.5 seconds when Type l0l messages

are broadcast.

Note.- The time-lo-alert above is the time between the onset of the out-of-tolerance
horizontal relative position error and the transntission of the last bit of the message that

contains the integrity data that rellects the condition.

9.10.7.1.2.2 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 l0r per approach.

Note.- For approach services, the protection level integrity risk is tlrc integriry risk due

to undetected errors in the L1)-second smoothed position solution relative to the GBAS

reference point greater than tlrc associated protecliort levels under the nvo Jollowing
conditions:

a) normal measurenrcnt conditions defined in 9.10.5.5.1 J with DV and DL set to

zero; and

b) fauhed measurement conditions defned in 9.10.5.5.1 .2 with DV and DL set to

zero.

Note.- The ground subsystem bounding of the |00-second snoothed GAST D posilion
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 CAST D formed based on the broadcast parameters

I
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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 crror distributions of thc combincd
differential conection errors as follows:

it"o*.0[*)frrau r>o-a

]q(.p-o(t)rua, *t o

where

fn(x) = probability density function of the diffcrential vertical or lateral position crror
excluding the airborne contribution, and

The 6-rr, (used in computing the protection lcvel VPL*') and 66s1 (uscd in computing
the protection level LPIa1,) for GAST D formed based on thc broadcast paramctcrs
(defincd in 9.105.5.1.2) and excluding the airborne contribution, shall bound the
combined differential correction errors (as dcfined abovc) formcd by all possiblc subscts
with one rcfercncc rccciver excluded.

Notc l.* The airbornc contribution is addrcsscd in 9.10.83.2.1 in combinatlon with the
use of the standard ailborne multipath model defined in 9.10.5.5.1 .l 2.

Notc 2.- The combincd diffcrential correction errors refer lo codc carricr srtooth.d
corrections bascd on |o0-second smoothing time constant,

9.10.7.1.2.2.1.2For a GBAS ground subsystem classificd as FAST D, the ratc of
faulted measurements from any one, and only one, refcrcnce rcccivcr shall bc less than

I x l0-5 per 150 seconds.

Note,- Faultcd mcosarements can occur from faults within rtc rcceivcr or Jrom
envitonmentdl conditions uniquc to a single rcJerence rcceiver location.

9-10.7.1.2.2.2 For a GBAS ground subsystem that provides the positioning service,
protcction level integrity risk shall be less than lOa per hour.

Ert

.[" -*
I

Jen
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Note.- The GBAS positioning service protection level integrity risk is the integrily risk
due to undetected errors in the horizontal position relative to tlrc CBAS reJerence point
greater tlmn the GBAS positioning servtce protection level under the two following
conditiotrs:

a) nornnl nteasurenrenl conditiorrs elefined in 9 .i,0.5 .5 .2 .l : and

b) fauhed nreasure,ilent conditions defined in 9.10.5.5.2.2.

9.10.7.1.3 Cotrtinuiq, of service

9.10.7. 1.3.1 Continuiry of service for approach services. The GBAS ground

subsystem continuity of service shalt be greater than or equal to I - 8.0 x lOa per 15

seconds.

Note.- The GBAS ground subsystem continuity of service is the average probability per
lS-second period that the VHF data broadcast trans,rtits data in tolerance, VHF data
broadcast field strength is within the specified range and the protection levels are lotver
than the alert limits, including configuration changes that occur due to the space

segnrcnt.This continuity of service requirenrcnt.is the en-t.ire allocatiotr of -the signal:i.n:
space continuily requiremenl as contained in these regulations, and therefore all
continuity risks included in that requirement must be accounted for by the ground
subsystem provitler.

9.10.7.1.3.2 Additional continuiry of service requi,'ements for FAST D. The

probability of
a GBAS ground subsystem failure or false alert, excluding ranging source rnonitoring,

causing an unscheduled interruption of service for a period equal to or greater than 1.5

seconds shall not exceed 2O x 10'6 during any 15 second interval. The probability that
the ground subsystem excludes any individual faulrfree ranging source from the Type I
or Type I I corrections due to a false detection by the ground integrity monitors shall not
exceed 2.0 x l0'? during any l5 second interval.

Note l.- Inss of service includesfailures resulting in loss of the VHF data broadcast,

failure to meet the VHF data broadcast field strength, failures resulting ht transnrission
oJ out-of-tolerance VHF broadcast data, and alert due to an integrity failure. Guidance
material on thc potential couses of loss oJ service and ntonitor false deteclions are
contained in ANS Technical Standards Part II Vol I , Artachnent D , 7 .6.2 .l .

Note 2. - Continuiry for FAST D is defined as the probabilily that rhe ground subsystem

continues to provide the services associated with the intended ground subsystem

functions. Total aircraJt continuity of navigation system performance in the position
domain ntust be evaluated in the context oJ a specific satellite Seometry and aeroplane
integration. Evaluation of position domain navigation service continuity is the

responsibility of the airbot'ne user for GAST D. Additional informatiott regarding
continuity is given in ANS Technical Standards Part II Vol I, Attachnent D,7.6.2.1 .
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9.10.7.1.3.3 Continuity of servicefor positioning service

Note.- For GBAS ground subsystems thc$ provide the GBAS positioning service , thare
may be additional continuirr- requirements depending on the intended operatiotls.

9. 10.7 .2 FUNCTIONAL REQUIREMENTS

9.10.7.2.1 Ceneral

9.10.7.2.1.1 Data broadcast requirements

9 .10.7 .2.1 .l .l 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.t0.7.2.1.t.2 Each GBAS ground subsystem shall broadcastType 2 nressages 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 Stanelards Part II Vol I, Attachment D,7.17.

9.t0.7.2.t.1.3 Each GBAS ground subsystem lvhich supports GBAS approach service
type (GAST) B, C or D shall broadcast FAS blocks in Type 4 messages
for these approaches. If a GBAS ground subsystem supports any
approach using GAST A or B and does not broadcast FAS blocks for
the corresponding approaches, it shall broadcast additional data block I
in the Type 2 message.

Note.- FAS blocks for APV procedures may be held within a database on board the
aircraft. Broadcasting additional data block I allows the airborne receiver to select the
GBAS ground subsystent that supports the approach procedures in the airborne
database. FAS blocks nruy also be broadcast to support operations by aircralt without an
airborne database. These procedures use different channel numbers as described in ANS
Technical Standards Part II Vol I, Attachntent D,7.7.

9.10.7.2.1.1.4 When the Type 5 message is used, the ground subsystem shall
broadcast the Type 5 message at a rate in accordance with Table B-76.

Note.- When the standard 5 degree mask is not adequate to describe satellite visibility
at either the ground subsystent antennas or at an aircraft during a specific approach, tlrc
Type 5 message may be used to broadcast additional infornwtion to the aircraft.

9 .t0.7 .2.t .t .5 Data broadcast rates. For all message types required to be broadcast,
messages meeting the field strength requirements of these regulations
and the minimum rates shown in Table 8-76 shall be provided at every
point within the service volume. The total message broadcast rates
from all antenna systems of the ground subsystem combined shall not
exceed the maximum rates shown in Table 8-76.
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Note.- Guiclance mcuerial concerning the use of multiple antennu systems is provided in

ANS Technical Standards Part II Vol I , Attachment D ' 7 -12 .4 .

Table B-75A. GBAS message types for supported service types

MessageType CASTA- Note I GAST B -Note I GAST' C - Note I GAST D- Note l
MT I Optional - Note Required Required Required

2

M'f 2 Required Required Required Rcquired

MT2-ADB I Optional - Note Optional - Note Optional - Note Rcquired

333
MT2-ADB 2 Optional - Note Optional - Notc Optional - Note Optional

444
MT2-ADB 3 Not used Not used Not used Required

MT2-ADB 4 Recommended Recommended Recommended Required

MT3-Note 5 Recommended Recommended Recommended Requircd

MT 4 Optional Required Required Rcquired

MT 5 Optional Optional Optional Optional

MTI I - Note 6 Not used Not used Not used Required

MT l0l Optional - Note Not allorved Not allorved Not allowed

2'
Note I .- Detinitiott of tenns:

. Required: Message neetls to be transmitted when supporting tlrc servicc type;

. Optionol: Message transmission is optional vhen sttpporting the scrvice type (not uscd

by somc or all airborne subsystcms);
. Reconmunded: Use oJ thc message is optional, but recommendcd, when supporting the

service type;
. Not used: Message is not used by airborne subsystenrs for this service typc;
. Not allowed: Mcssage trawnission is not allowed when supporling the service rype.

Note 2.- Ground snbsystents supporting GAST A seryice types may hroadcast Typc I or lol
Messagcs but

not both.Guitlance malcrial concerning usagc ofthe Type l0l massage is providcd in
ANS Technical

Standards Part ll Vol I

Attachment D,7.18.

Note 3 .- MT7-ADB I is required d positioning semice is offered-

Note 4 - MTI-ADB2 is required dGRAS Servicc is offered.

Nore 5.- MT3 is rcconntcnded (GAST A, B, C) or recluirecl (CASr-D) to be used only in ordcr to

meet slot
occupdncy rcquirenunts in 9.10.7.4.1 .3 .

Nore 6.- Guidance nruterial concerning usage of the Type I I nressage is provided in ANS

Technical Standards Part II
Vol I Attachnrcnt D,720.
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Table 8-76. GBAS VHF data broadcast rates

Message t.ype Minimunr broadcast rate Maximum broadcast rate

I or l0l For each measurement type: For each measurement type:

All measurcment blocks once per frame (Note) AllmeasrenBntblocksonceperskl

Once per 20 consecutive tiames Once per ttame
Rate depends on message length Once per slot and eight timcs pcr frame
and scheduling of other messages
(see section 9.10.7.4. 1.3.)
All FAS blocks once per 20 consecutive frames All FAS blocks once per frame

5 All impacted sources orrce per 20 consecutive fmmcs All impacted sources once per 5
conseculive frames

I I For each measuremcnt type: For each measurement typc:
All measurement blocks oncc per frame (Note) All measurement blocks once per slot

Nole.-
OneType l,Type ll orType l0l messageorwoType I,Type ll orType 101 messages
that are linked usittg the additional message flag described in 9.10.4.2,9.10.4.10.3 or
9.10.4.11.3
9.10.7.2.1.2 Message block identifier. The MBI shall be set to either normal or.test

according to the coding given in 9.10.3.4.1.

9 .10.7 .2.1 .3 VDB autltentication
9.10.7.2.1.3.1 AII GBAS ground subsystems shall support VDB authentication (section

9 .to .7 .4).

9.10.7.2.1.3.2 All ground subsystems classified as FAST D shall support VDB
authentication (section 9.10.7 .4).

4

9.10.7.2.2

9.10.7.2.2.r

9.10.7.2.2.2

Pseudo-range corrections

Message latency. The time between the time indicated by the modified Z-
count and the last bit of the broadcast Type l, Type II or Type l0l
message shall not exceed 0.5 seconds.

Low-frequency data.Except during an ephemeris change, the first ranging
source in the Type I , Type I I or Type l0 I message shall sequence so that
the epherneris decorrelation parameter, ephemeris CRC and source
availability duration for each core satellite constellation's ranging source
are transrnitted at least once every l0 seconds. During an ephemeris
change, the first ranging source shall sequence so that the ephemeris
decorrelation parameter, ephemeris CRC and source availability duration
for each core satellite constellation's ranging source are transmitted at
least once every 27 seconds. When new ephemeris data are received from
a core satellite constellation's ranging source, the ground subsystem shall
use the previous ephemeris data from each satellite until the new
ephemeris data have been continuously received for at least 2 minutes but
shall make a transition to the new ephemeris data before 3 minutes have
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passed. When this transition is made to using the new ephemeris data for a

given ranging source, the ground subsystem shall broadcast the new

ephemeris CRC and associated low frequency information, notably P and

PD for all occurrences of that ranging source in the low-frequency
information of Type l, Type I I or Type l0l 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 l, Type II or Type l0l message (see Note). If the ephemeris CRC
changes and the IOD does not, the ground subsystem shall consider the

ranging source invalid.

Note.- The delay before the epheneris transition allow sulficient tinte Jor the aircrafi
subsystem to collect new ephemeris data.

9.10.'l .2.2.2.1 The ephemeris decorrelatiorr parameter and the ephemeris CRC for each

core satellite constellation's ranging source shall be broadcast as

frequently as possible.

9.t0.7.2.2.3 Broadcast pseudo-range correction. Each broadcast pseudo-range
correction shall be determined by combining the pseudo-range correction
estimates for the relevant ranging source calculated from each of the

reference receivers. For each satellite, the measurements used in this
combination shall be obtained from the same ephemeris data. The
corrections shall be based on smoothed code pseudo-range measurements
for each satellite using thc carrier measurement from a smoothing filter
and the approach service type specific smoothing parameters in
accordance with section 9.10.5.1.

9.10.7.2.2.4 Broadcast signal-in-space integrity parameters. The ground subsystem shall
provide opi_s.d ond B parameters for each pseudo-range correction in Type I
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 op16 o[d, if necessary, B parameters for each pseudo-range
correction in Type l0l message such that the protection level integrity risk
requirements defined in 9.10.7.1 .2.2 are satisfied.

Note.- Broarlcast of the B parameters are optiottcrlfor Type I0l messages. Guidance
material regarding the B parameters in Type l0l messages is contained m ANS
Technical Standards Part II Vol I Attachment D, 7 .5 .l I .

9.10.7.2.2.4.1 Broadcast signal-in-space integrity paratneters lor FAST D Ground
subsystems. Ground subsystems that suPPort GAST D shall provide
Sigma-PRgnd-D in the Type I I message and B parameters for each

pseudo-range correction in the Type I message such that the protection
level integrity risk requirement defined in 9 .10.7 .l .2.2.1 is satisfied.
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9.10.7.2.2.4.2 For FAST D systems broadcasting the Typc Il message, if oprgnd is
coded as invalid in the Type I message, then the Sigma_PR_gnd_D for
the associated satellite in the Type I I message shall also be coded as
invalid.

9.10.7.2.2.5 Reference receiver nrcasurements 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 l, Type IIor Type l0l messages. For a
given measurement type and within a given frame, all broadcasts of Type
I , Type II or Type l0 I messages or linked pairs from all GBAS broadcast
stations that share a common GBAS identification, shall have identical
data content.

9.10.7.2.2.7 Issue of dara. 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 coresponds to the ephemeris data used to compute the
pseudo-range correction.

9 .10.7 .2.2.8 Application of signal error models. Ionospheric and tropospheric
corrections shall not be applied to the pseudo-ranges used to calculate the
pseudo-range corrections.

9.10.7 .2.2.9 Linked pair of Type l, Type II or Type 101 nessages. If a linked pair of
Type I, Type II or Type l0l messages is transmitted then,

a)

b)

c)

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 I messages are transmitted,
there shall also be a linked pair ofType I I messages; and

if linked message types of Type I or Type l l are used, the satellites shall be
divided into the same sets and order in both Type I and Type I I messages.

d)

e)

f)

h)

Note.- Type I nrcssages may include additional satellites not available tn Type ll
messages, but the relative order of those satellites available in bottt n essages is the same
in Type I and Type ll messages. Airborne processing is ttot possible for satellites
included in the Type I I message but not included in the associatedType I message.

c)
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9.10.7.2.2.9.1 Linked messages should only be used when there are more pseudo-range

coffections to transmit than rvill fit in one Type I message.

9 .10.7 .2.2.10 Modified Z-coun! requirenrcnts

9.10.7.2.2.10.1 Modified Z-count update. The modified Z-count for Type I or Type l0l
messages of a given measurement type shall advance every frame.

9.10.7.2.2.10.2 If Message Type ll is broadcast, the associated Type I and Type ll
messages shall have the same modified Z-count.

9.to.1.2.2.tt

9.10.7.2.2.11.r

Ephemeris decorrelation parameters

Ephemeris decorrelation parameler Jor approach services For ground

subsystems that broadcast the additional data block I in the Type 2

message, the ground subsystem shall broadcast the ephemeris

decorrelation parameter in the Type I message for for each core satellite

constellation ranging source such that the ground subsystem integrity
riskof 9.10.7.1.2.1.1.1 is met.

9,10.7.2.2.11.2 Ephemeris clecorrelation Perameter for GAST D. Ground subsystems

classified as FAST D shall broadcast the ephemeris decortelation
parameter in the Type I I message for each core satellite constellation

ranging source such that the ground subsystem signal-in-space integrity
risk of 9.10.7.1.2.1.1.3 is met.

9.10.7.2.2.11.3 GBAS positioning service. For ground subsystems that provide the

GBAS positioning service, the ground subsystem shall broadcast the

ephemeris decorrelation Parameter in the Type I message for each core

satellite constellation's ranging source such that the ground subsystem

signal-in-space i integrity risk of 9.10.7.1.2.1.4 is met.

9.10.7.2.3

9 .ro .7 .2.3 .t

GBAS-related data

Tropospheric delay parameters. The ground subsystem shall broadcast a

refractivity index, scale height, and refractivity uncertainty in a Type 2

message such that the protection level integrity risk requirements defined
in9.lO.1 .1.2.2 are satisf,ied.

9.t0.7.2.3.2

9.r0.7.2.3.2.1

GCID indicatiotr

GCID indication for FAST A, B or C.If the ground subsystem meets the

requirements of 9.10.7.1.2.1.1.1, 9.10.7.1.2.2.1, 9.10.7 .1.3.1, 9.10 '7 .3.2

and 9,10.7.3.3.1 but not all of 9.10.7.1.2.1.1.2, 9.1O.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 l, otherwise it
shall be set to 7.

Note.- Some of the requirenents applicable to FAST D are redundant with the FAST A'
B and C requirenrents.The phrase "not all of' refers to the contlitiotr where a ground
subsystent nny nrcet some oJ the requirements applicable to FAST D but not all of them.
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Therejorc, in tlat condition the GCID would be set to l, indicating that the ground
subtystem mects only FAST A, B or C.

9.t0.7.2.3.2.2 GCID indication for FAST D. If the ground subsystem meets the
rcquircments of 9.10.7.1.2.1.1.1, 9.10.7.1.2.1.1.2, 9.10.7.1 2.1.1.3,
9.to.7.1.2.2.t.1,9.t0.7.1.2.2.r,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 sct to 2, otherwisc it shall be set in
accordance with 9.10.7 .2.3.2.1.

9.10.7.2.3.2.3 GCID values of 3 and 4 are reserved for future service typcs and shall
not be used.

9.t0x.2.3.3 GBAS rcference antenna phase centre position accuracy. For each GBAS
refcrcnce receiver, the reference antenna phase centre position error shall
be less than 8 cm relative to the GBAS reference point.

9-10.7.2.3.4 GBAS reference point survey accuracy. The survey error of thc GBAS
reference point, relative to WGS-84, shall be less than 0.25 m vertical
and I m horizontal.

Notc.- Rclevant guidance material is given in ANS Technical Standards Part II Vol I
Attachmcnt D,7.16.
9.1O.1.2.35 lonospheric unccrtainty cstimate parameter.

9.10.7.235.1 lonospheric uncertainty estimate parameter Jor all ground subsystcms.
The ground subsystcm shall broadcast an ionosphcric delay gradicnt
paramcter in the Type 2 mcssage such that the protection level integrity
risk requircmcnts defined in 9.1O.7 .l .2.2 arc satisfied.

9.10.7235.2 lonosphcric uncertainty cstbnate parameter for FAST D ground
subsystcms. Thc ground subsystem shall broadcast an ionospheric delay
gradicnt paramctcr in the Type 2 messagc, additional data block 3, such
that thc protection levcl intcgrity risk requirements defined ia 9.10.7 .l .2,2
arc satisfied.

Note.- Guidance matcrial conccrning FAST D posirton domain error boundingJor
ionospheric effors may bc found in ANS Technical Standards Part II Vol I Attachmcnt D,
7 5 .6.1 3 and 7 -5 .6.1 .4

9.toJ.2.3.6 For ground subsystems that provide the GBAS positioning scrvice, the
ground subsystcm shall broadcast the ephemcris crror position bound
parameters using additional data block I in the Typa2 message.

9.10.7.2.3.7 All ground subsystems shall broadcast the ephemeris error position bound
paramelers using additional data block I in the Type? message.

9.10.7.2.3.8 For ground subsysterns that broadcast additional data block I in the Type
2 messagc, 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 rvithin Dmax. When

approach service is provided, the maximum use distance shall at least

encompass all approach service volumes supported.,

9.10.7.2.3.8.2 Ephemeris missed detection parameters. The ground subsystem shall

broadcast the ephemeris missed detection parameters for each core

satellite constellation such that the ground subsystem integrity risk of
9.10.7.1.2.1 is met.

9 .t0 .7 .2.3 .8 .3 GBAS positioning service irulication. 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 ssbsystem shall broadcas! additional data b-locks I and 2.

9.10.7.2.3.9.1 The VHF dara 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 Jacilitates the u'ansition fiom 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 scgment CRC shall be assigned at the time of procedure

design, and kept as an integral part of the FAS data block from that time

onrvard.

9.10.7.2.4.3 The GBAS shall allow the capability to set the FASVAL and FASLAL for
any FAS data block to "llll llll" to limit the approach to lateral only or
to indicate that the approach must not be used, respectively.

9.10.7.2.4.4 LTP|FTP for FAST D. For an approach that supPorts GAST D, the

LTP/FIP point in the corresponding FAS definition shall be located at the

intersection of the runway center line and the landing threshold.

Note.- Airborne systen$ may conryute the distance to the landing threshold using the

LTPIFTP. For GAST D approaclrcs, the LTPIFTP is to be at the thresholcl so thcu these

distance to go con,putations reliably retlect tlu distance to the threshold.
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9.10.7.2.4.5 FPAP locationfor FAST D. For an approach that supports GAST D, the
FPAP point in the 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 runrvay.

9.10.7.2.5 Predicted ranging source availability data

Note.- Ranging source availability data are optionalfor FAST A, B, C or D ground
subsystems and nruy be required for possible future operations.

9.10.7 .2.6 General functional requirements on augmentation

9.10.7.2.6.1 GBAS ground subsystems classified as FAST C or FAST D shall provide
augmentation based on GPS at a minimum.

9.10.7.2.6.2 Ground subsystems classified as FAST C shall be able ro process and
broadcast corrections for at least l2 satellites ofeach core constellation for
which differential corrections are provided.

9.10.7.2.6.3 Ground subsystems classified as FAST D shall be able to process and
broadcast differential corrections for at least 12 satellites of one core
constellation.

Note.- Technical validation has only been completed for GAST D when applied to GpS

9.10.7.2.6.4 Whenever possible, differential conections 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 .l ) does not preclude providing a
di,fferential correction for a particular satellite.

9.10.7.3 MONTTORING

9.10.7.3.1 RF ntonitoring

9.10.7.3.1.1 VHF data broadcast monitoring. The data broadcast transmissions shall be
monitored. The transmission of the data shall cease within 0.5 seconds in
case of continuous disagreement during any 3-second period between the
transmitted application data and the application data derived or stored by
the monitoring system prior to transmission. For FAST D ground
subsystems, the transmission of the data shall cease within 0.5 seconds in
case of continuous disagreement during any l-second period between the
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transmitted application data and the application data derived or stored by
the monitoring system prior to transmission.

Note.- For ground subsystenrs that support authenlication, ceasing the transn,ission oJ

data nrcans ceasing the transnission of Type I messages and Type I I messages iJ
applicable or ceasing tlrc transmission of Type l0l messages. In accordance with
9.10.7.4.1 .3, the ground subsystem must still transmit nrcssages such that the deJinecl

percentage or more oJ every assigned slot is occupied. Tltis can be accontplished by
transmitting Type 2, Type 3 , Type 4 or Type 5 ntessages.

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 I second, shall be less than I
x l0-7 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 nonitor. The probability that the horizontally or
elliptically polari-zeil Cignal's transmitted power increases by more ttian 3

dB from the nominal power for more than I second shall be less than 2.0 x
l0-7 in any 30-second period.

Note.- The vertical contponent is only monitoredfor GBASIE equipnrcnt

9.10.7.3.2 Data moniroring

9.10.7.3.2.1 Broadcast quality monitor. The ground subsystem rnonitoring shall comply
rvith the time-to-alert requirements given in 9.10.7.1.2.1. The monitoring
action shall be one of the follorving:

a) to broadcast Type I (and Type 1 I if broadcast) or Type l0l nressages with no

measurement blocks; or

b) to broadcast Type I (and Type I I if broadcast) or Type l0l messages rvith the

Op,;,,a., (and Oprln,r_DJ if broadcast) field set to indicate the ranging source is

invalid for every ranging source included in the previously transmitted frame; or

c) to terminate the data broadcast.

Note.- Monitoring actions a) and b) are preferred ro c) d the particular failure mode

permits such a response, because actions a) and b) typically have a reduced signal'in-
space lime-to-alert.

9.10.7.3.3 Integrity ntonitoring for GNSS ranging sources
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The ground subsystem shall monitor the satellite signals to detect
conditions that will result in improper operation of differential processing
for airborne receivers complying lvith the tracking constraints in Atr/S

Technical Standards Part II Vol I Attachment D, 8.1 l. The monitor time-
to-alert shall comply with 9.10.7.1.2. The monitor action shall be to set

opr-gnd to the bit pattern "l I I I I I I I" for the satellite or to exclude the

satellite from the Type l, Type I I or Type l0l message.

The ground subsystem shall use the strongest correlation peak in all
receivers used to generate the pseudo-range corrections. The ground
subsystem shall also detect conditions that cause more than one zero
crossing for airborne receivers that use the Early-Late discriminator
function as described in ANS Technical Stttndctrds Part II Vol I
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, lErl, on the 30-second smoothed corected
pseudo-range (section 9.10.5.2) caused by a ranging source fault, is not
detected and reflected in the broadcast Type I I message within 1.5 s shall
fall within the region specified in Table 8-76 A.

Ranging source faults for which this requirement applies are:

a) signal deformation (Note l.);

b) code/carrier divergence;

c) excessive pseudo-range acceleration, such as a step or other rapid change; and

d) erroneous broadcast of ephemeris data from the satellite.

Note l.- Refer to ANS Technical Standards Part Il Vol I Appendix D, section 8.1 l Jor
further information on GAEC-D avionics relating to signal defornntion fault.

Note 2.- Upon detection, a ranging source fault nruy be reflected in the Type Il
message by either:
a) removing the correction for the associated satellite fron the Type I I message; or
b) marking the satellite as invalid usittg the coding of oprlnd-D (section9.l0.4.I1.4).

Note 3.- The acceptable probability of rnissed detection region is defined with respect to
dffirentially corrected pseudo-range error. The differentially corrected pseudo-range
error, lErl, includes the error resulting from a single ranging source fault, given the
correct application of GBAS ground subsystem Message Type I I broadcast corrections
(i.e. pseudo-range correction and range rate corrections defined in Section 9.10.4.1 l) by
the aircraft avionics as specified within section 9.10.8.3. Evaluation of Pmd performance
includes GBAS ground subsysten, fault-free noise.The growth of lErl with time should
consider the data latency of the ground subsystent, but not the airborne latency.

Note 4.- Additional information regarding the ranging source fauh conditions and
monitoring requirements for FAST D ground subsystems may be found in ANS Technical
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Standards Part Il Vol I Attachnrent D,7.5.12. Missed messaSes do not need to be

considered as part ofcompliance with this requirement.

Table B-76 A. Pmd limit Parameters

Probability of Missed Detectiott Pseudo-rattge Error (netres)

Pmdlimitsl 0<lErl <0.75
Pmdlimit s l0(-2.56xlErl + 1.92) 0.75 slErl <2.7
Pmdlimit < l0-5 2.7 <lBrl <q

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, lErl , greater than I .6 metres on the 30-second smoothed
corrected pseudo-range (section 9.10.5.2), caused by a ranging source fault,
is not detected and reflected in the broadcast Type I I message within 1.5' 
seconds shall be less than lxl0'e in any one landing when multiplied by the

prior probabilit! (P op,io,).

Ranging source faults,for which this requirement applies are:

a) signal deformation (Note l.);
b) code/carrier divergence;
c) excessive pseudo-range acceleration, such as a step or other rapid change; and
d) erroneous broadcast ofephemeris data from the satellite.

Note l.- It is intended that the prior probabilitl, 67 
"orO 

ranging source fault (Papriori)
be the same value that is used in the analysis to show compliance with error bounding
requirements for FAST C ancl D

Note 2.- I)pon detection, a ranging source fault nny be reflected in the Type ll
message by either:

a) renoving the Jaulty satellite coffection rt'ont lhe Type I I nessage; or
b) marking the satellite as invalid using the codittg of aprlnd-D (section 9.10.4.1 1.4).

Note 3.- Aclditional information regarding the rangittg source fault conditions and
monitoring requirements for FAST D ground suhsystems may be found in ANS Technical
Standards Part Il Vol I Attachment D,7.5.12. Missed messages do not need to be

considered as part of compliance with this requirement.

9.10.7.3.4 lottospheric gradient mitigation

For FAST D ground subsystems, the probability of an error (lErl) in the 30-second
smoothed corrccted 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 EIC value computed from broadcast Type 2 message, and (c) is not detected and

reflected in the broadcast Type l1 message within 1.5 seconds shall be less than I x 10'e

in any one landing. The FAST D ground subsystem shall limit the Type 2 broadcast
parameters to ensure that the maximum EIC at every LTP supporting GAST D operations
shall not exceed 2.75 metres.
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Note I.- The total probability of an undetected delay gradient includes the prior
probability of the gradient and the monitor(s) probctbiliry oJ missed detection.
Note 2.- Validation guidance for this requirement can be found in ANS Technical
Standards Part II Vol I 7.5.6.1 .8.

9.10.7 .4 FUNCTIONAL REQUIREMENTS FOR AUTHENTICATION PROTOCOLS

9.10.7.4.1 Fturctional requirenentsJor ground subsystems that support authentication

9 .10.7 .4.1 .l The ground system shall broadcast the additional data block 4 rvith the Type
2 nressage with the slot group definition field coded to indicate lvhich slots
are assigned to the ground station.

9.10.7.4.1.2 The ground subsystem shall broadcast every Type 2 message only in the
one of a set of slots defined as the MT 2 sanctioned slots. The first slot in
the group of MT 2 sanctioned slots corresponds to the SSID coding for the
ground subsystem. Slot A is represented by SSID = 0, B by 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 SS/D -- 0 woultl include slots
{A, B} while the MT 2 sanctioned slot group for SS/D -- 6 would include slots {G, H}.
The MT 2 sanctioned slot group for SSID = 7 ittcludes slot {H} ottly.

9.1O.7.4.1.2.1 The set of slots assigned to a ground station shall include at a minimum all
the slots in the MT 2 sanctioned slots as described in section 9.10.7.4.1.2.

9.10.7.4.t.3 Assigned slot occupancy. The ground subsystem shall transmit messages
such that 89 per cent or more of every assigned slot is occupied. If
necessary, Type 3 messages maybe used to fill unused space in any
assigned time slot.

Note I .- More infornution on the calculation of the slot occupancy is provided in ANS
Technical Standards Part II Vol I Attachment D, 7 .21 .

Note 2.- The requirentent applies to the aggregate transmissions from all tansmitters of
a GBAS ground subsystem. Due to signal blockage, not all of those h'ansmissions may be
received tn the service volume.

9 .10 .7 .4.1 .4 Reference path identifier coding . Every reference path identifier included in
every final approach segment data block broadcast by the ground subsystem
via the 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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A = SSID ofO
X = SSIDof I

Z = SSIDof2
I - SSID of3
C = SSID of4
V = SSID of5
P = SSID of6
T = SSID of7

Functional requirements for ground subsystems that do not sL.PPort

authentication

Coding:

9.10.7.4.2

9 .lO .7 .4.2.1 Relerence path iitlentif er codirtg . Characters in this set: {A X Z J C V P T}
shall not be used as the first character of the reference path identifier
included in any FAS block broadcast by the ground subsystem via the Type
4 messages.

9.10.7 AIRCRAFTELEMENTS

9. lo.7. l GNSS receiver. The GBAS-capable GNSS receiver shall process signals of
GBAS in accordance with the requirementaspecified 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 perlormance and functional obiectives for GAST

D are achieved, it is necessary for the airborne equipment to meet defined performance

and fu nctional standards. The relevant minimum operational periormance standards are

detailed in RTCA DO-253D.

9. IO.7 .2 P ERFO RMANC E RESU IREMENTS

9.10.7.2.1 GBAS aircraft receiver accuracy

9 .10.7 .2.1 .l The RMS of the total aircraft receiver contribution to the error for GPS and

GLONASS shall be:

fiJrI5p-.or {6n} 
= 

tsu * s1 .{ s
-LtLr'fur

Where

n = the nth ranging source;O n = the elevation angle for the nuranging 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 aircratt receiver contribution does not include the measurement error
induced by ailfi'ame multipath.

Table B-77. Aircraft GPS receiver accuracy requirement

Aircraft
accuracy

0 n(degrees) a6(nretres) a/nrctres) 9o{degrees)

233t

0.15
0.1I

0.43
0.13

Table B-78. Aircraft GLONASS receiver accuracy rcquirement

0 n(degrees) ao(metres) ar(metres) 0o(degrees)

6.9
4

>5
>5

A
B

>5
>5

A
B

Aircraft
accuracy

0.39
0.105

0.9
o.25

5.7
5.5

9.10.7.2.2

9 .to .7 .2.2.r

VHF data broadcast receiver petforn ance

VHF data broadcast tuning range. The VHF data broadcast receiver shall
be capable of tuning frequencies in the range of 108O00 - 117.975 MHz in
increments of 25kHz.

9.10.7.2.2.2 VHF data broadcast capture range.'fhe 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 oJ the GBAS ground subsystem, and tlu worst-case
doppler shift due to the ntotion ofthe aircraft, are reflected in the above requirentent.The
dynamic range of tlte automatic frequency control shall also consider the ft'equency-
stability error budget ofthe aircraJtVHF data broadcast receiver.

9.L0.1 .2.2.3 VHF data broadcast messagefailure rate.The VHF data broadcast receiver
shall achieve a message failure rate less than or equal to one failed message
per I 000 full-length (222 bytes) application data messages, rvithin the
range of the RF field strength defined in 9.11.3.5.4.4 as received by the
airborne antenna, provided that the variation in the average received signal
power between successive bursts in a given time slot does not exceed 40
dB. Failed messages include those lost by the VHF data broadcast receiver
system or which do not pass the CRC after application of the FEC.

Note l.- An aircraJt 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 maximun total aircraft
intplementation lossfor horizontally polarized receiving antennas is 4 dB higher than the
maximum loss for vertically polarized receiving antennas. For guidance in determining
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aircratt implenrcntation loss see ANS Technical Standards Part II Vol I Attachment D,
7.2.

Note 2.- It is acceptable to exceed the signal pottter varialiotr requirement in limited
parts of the service volume when operational requirements pernril. Refer to Attachment

ANSTechnical Standards Part Il Vol I D,7.12.4.1 fot'guidance.

9.10.7.2.2.4 VHF data broadcast tinre slot decodittg. The VHF data broadcast receiver
shall meet the requirements of 9.10.8.2.2.3 for all message types required
(section 9.10.8.3.1.2.1) from the selected GBAS ground subsystem. These

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 tansmissions may include: a) otlrcr than message types with the

same SSID, and b) nressages with dilferent SSIDs.

9.10.7.2.2.5 Co-channel rejection

9.10.7.2.2.5.1 VHF data broadcast as the undesired signal source. The VHF data
broadcast receiver shall meet the requirements specified in 9.10.8.2.2.3 in
the presence of an undesired co-channel VHF data broadcast signal that is

either:

a) assigned to the same time slot(s) and 26 dB below the desired VHF
data broadcast signal power at the receiver input or lower; or

b) assigned different time slot(s) and no more ahan 72 dB above the

minimum desired VHF data broadcast signal field strength defined in
9.tl.3.5.4.4.

9.t0.7.2.2.s.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 desircd VHF
data broadcast signal power at the receiver inPut.

9.1O.7 .2.2.6 Adjacent channel reiection

9.t0.7.2.2.6.1 First adjacent 25 kHz clnrurcls (*,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.t0.7.2.2.6.2 Second adjacent 25 kHz channels 1*50 kHz). The VHF data broadcast
receiver shall meet the requirements specified in 9.10.8.2.2.3 in the
presence of a transmitted undesired signal offset by 50 kHz on either
side of the 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 timc 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 transmittcd undesired signal offset by
75 kHz or more on either side of the desircd channel that is either:

a) 46 dB above the desired signal power at the receiver input when the undcsired signal is
another VHF data broadcast signal assigned to the same time slot(s); or

b) 46 dB above the desircd signal power at the rcceiver input when the undesired signal is
voR.

9.t0.7.2.2.7 Rcjection oJ off-channel signals lrom sourccs 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

undcsired VHF data broadcast signal on any other assignable channcl.

9.10.7.22.8 Rejection of signals from sources outside the 108.000 - 117975 MHz
band

9.10.7.2.2.8.1 VHF data broadcast interference immunity. The VIIF data broadcast
rcceiver 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
intcrferencc lcvels specified in Table B-79.

9.10.7.2.2.8.2 Desensitization. The VHF data broadcast rcceiver shall meet the
requirements specified in 9.10.8.2.2.3 in the prescnce of VHF FIII
broadcast signals with signal levels shown in Tables B-80 and B-81 .

Table B-79. Maximum levels of undesired signals

Frequenry Maximum lcvel of undesired signals at
the rcceiver input (dB above Smax)

50 kHz up to 88 MHz
88 MHz- 107.900 MHz
108.000 MHz - ll7.975MHz
ll8.00O MHz
118.025 MHz
I18050 MHz up to I 660.5 MHz

-t2
(see 9.10.8.2.2.8.2 and 9. 10.8.2.2.8.3)
Excluded
43
-40
-12

Frequency Maximum level of undesired signals at
qhe rcceiver iqpq! (dB above Smax)

50 kHz up to 88 MHz -12
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88 MHz - 107.900 MHz
108.000 MHz - I 11 .97 5 MHz
I18.000 MHz
I18.025 MHz
I 18.050 MHz up to I 660.5 MHz

(see 9.10.8.2.2.8.2)
Excluded
43
-40
-12

Notes.-

L The relatiotrsltip is linear between single adjacent points designated by the above

frequencies.

2.These intetference immunity requirements may not be adequate to ensure compatibility
between VHF data broadcast receivers and VHF comnrunication systems, particularly

for aircra"ft tlnt use the

vertically polarized compone,.t of the VHF data broadcasl. Withoul coorditution
between COM and

NAV fi'equencies assignments or respect of a guard band at the top end of the I 12 -
I 17.975 MHz

band, the maxinrum levels quoted at the lowest COM VHF charutels (l18.000, I l8-00833,
I18.01666,

118.025, 118.03333, 118.04166, 118.05) may be e.rceeded at the input of the VDB
receivers. In that

case , sorne nrcans to attenuate the COM signals al the input of the VDB receivers (e.9.

antenna

separation) will have to be implemented. The final compatibiliry will have to be assured
when

equipntent is installed on the aircralt.
2 S-", is the nruximunt desired VHF data broadcast signal power at lhe receiver input.

Table B-80. Dcsensitization frequency and power requirements that apply for VDB
frequencies from 108.025 to I I1.975 MHz

Frequency Maximum level of undesired signals at the

lO4MHz I I l0
106 MHz 65
107.9 MHz -910

Notes.-
LThe relationslip is linear between single adjacent points designated by the above

frequencies.
2, This desensitizatiott requirement is not applied for FM carriers above 107.7 MHz and
VDB clnnnels at 108.025 or 108.050 MHz. See ANS Technical Standards Part II Vol I
Attachntent D, 7 .2 .1 .2 .2 .

3. Smax is the maximum desired VHF data broadcast sig,nal power at ilte ,'eceiver input.

l
1

t

I

I

i
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Table B-81 . Desensitization frequency and power requirements that apply for VDB
frequencies from I 12.000 to 117.9'75 MHz

2335

Frequency Maximum level of undesired signals
at the receiver input (dBm above S*)

88MHzsfsl04MHz
106 MHz
lO7 MHz
107.9 MHz

t6
ll
6
I

Notes.-
l.The relationship is linear between single adjacent points designated by the above
frequencies.
2. .Smax is the ntaxinrunr desired VHF data broadcast signal power at the receiver input

9.10.7.2.2.8.3 VHF data broadcast FM interntodulation intnruniry. The VHF data
broadcast receiver shall meet the requirements specified in 9.10.8.2.2.3
in the presence of interference from two-signal, third-order
intermodulation products of two VHF FM broadcast signals having
levels in accordance with the following:

2Nl+N2+3[23-S*]<0

for VHF FM sound broadcasting signals in the range 107.1 - 108.0 MHz and

2Nl + N2 + 3 [23 - S,n* - 20 Log (Af / 0.4)] < 0

for VHF FM sound broadcasting signals below 107.7 NlHz

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

N, and N, are the levels (dBm) of the trvo VHF FM sound broadcasting signals at the
VHF data broadcast receiver input.
Neither level shall exceed the desensitization criteria set forth in9.10.8.2.2.8.2.

Af = 108.1 - f,, where fl is the frequency of N,, the VHF FM sound broadcasting signal
closer to 108.1 MHz.

S,* is the maximum desired VHF data broadcast signal porver at the receiver input.

Note.- The FM internodulation immunity requirements are not applied to a VHF data
broadcast clnnnel operating below 108.1 MHz, hence fi'equencies beloyv l,08.1 MHz are
not intended for general assignntents. Additional inJormation is provided in ANS
Technical Standards Part II Vol I Auachment D , 7.2.1 .2.
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9.t0.7 .3 Ar RC RAFT F UNCTION AL REQU I R EM ENTS

Note.- Unless othet'wise specified, the following requirements apply to ttll GBAS

airborne equipment classifications as described in ANS Technical Standards Part II Vol I
Attachnent D,7.1 .4.3.

9.10.7.3.1 Conditiotrsfuruseofdata

9. 10.7.3 .1 . 1

9.10.7.3.1.2

9.10.7.3.t.2.1

The receiver shall use data from a GBAS message only if the CRC of that

message has been verified.

The rcceiver shall use message data only if the message block identifier is

set to the bit pattem "1010 1010".

GBAS message processing capability. Thc GBAS receiver shall at a

minimum process GBAS message tyPes in accordance with Table B-82.

Table B-82. Airborne equipment message tyP€ Processing

GB AS qty_Qor1e_ eqyipment glggsification
(GAEC)

l+!1Limrym qryssgg
tvoes processed

GAEC A

GAEC B

GAEC C

GAEC D

MT I or 101, MT 2 (including ADB I and 2

if provided)
MT l, MT 2 (including ADB I and 2 if
provided), MT 4
MT I, MT 2 (including ADB I if provided),
MT4
MT I, MT 2 (including ADB l, 2,3 and 4),
MT4.MT II

9.10.7.3.1.2.2 Airborne processingJorforward compatibility

Note,- Provisions lwve been made to enable future expansion of the GBAS Standards to

support new capabilities. New messagc 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 nessage Type 4 may be defined.. To facilitate these futurc expansions, all
equipment shall be designed to properly ignore all data tyPes that are not recogniTed.

9.10.7.3.1.2.2.1 Processing oJ unknown messaSe types. T'hrc existence of messages

unknown to the airborne receiver shall not Prevent corect Processing
of the required messages.

9.10.7.3.1.2.2.2 Processing of unknown Type 2 cxtended data blocks. The cxistence of
message Type 2 additional data blocks unknown to the airborne

rcceivcr shall not prevent correct processing of thc required messages.
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9.10.1 .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 defnition of a data block Jor inclusion
within aType 4 ntessage,rttture GBAS Standards nny ittclude otlrcr 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 o/pseudo-range corrections

9. r 0.7.3. I .6. r When the active service type is A, B or C, the receiver shall exclude

from the differential navigation solution any ranging sources for which
or r,,6 in the Type I or Type 10 I messages is set to the bit pattern " I 1 I I
l l l l".

9.t0.7.3.1.6.2 If the active service type is D, the receiver shall exclude from the
differential navigation solution any ranging source for which oo..na_o in
the Type I I message or opr_sna in the Type I message is set to the bit
pattern"llll llll".

9 .to.7 .3 .t .7 The receiver shall only use a ranging source in the differential
navigation solution if the time of applicability indicated by the
modified Z-count in the Type I, Type II or Type l0l message
containing the ephemeris decorrelation parameter for that ranging
source is less than 120 seconds old.

9. 10.7.3.I.8 Conditions fot' 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 irr ANS Technical Standards Part II
Vol I Attachment D,7.5.12.3.

9.10.7.3.1.8.2 GClDlndications

9.10.7.3.1.8.2.1 When the active service type is A, B or C, the receiver shall use

message data from a GBAS ground subsystem for guidance only if the

GCID indicates l, 2, 3 or 4 prior to initiating the final stages of an

approach.

9.10.7.3.1.8.2.2 When the active service type is D, the receiver shall use message data

from a GBAS ground subsystem for guidance only if the CCID
indicates 2,3 or 4 prior to initiating the final stages of an approach.

9. t0.7.3. t.8,3 The rcceiver shall ignore any changes in GCID during the final stages

of an approach.

9.10.7.3.1.8.4 The receiver shall not provide approach vertical guidance based on a

particular FAS data bloqk -!fa!-s.t!1!!_eg 
i!_ ! _TyP9_ I message if the

FASVAL received prior to initiating the final stages of the approach is
setto"llll llll".

9.10.7.3.1.8.5 The receiver shall not provide approach guidance based on a particular
FAS data block transmitted in a Type 4 message if the FASLAL
received prior to initiating the final stages of the approach is set to
"l l l l l1l l".

9. r 0.7.3.1.8.6 Changes in the values of FASLAL and FASVAL data transmitted in a
Type 4 message during the final stages of an approach shall be ignored
by the receiver.

9.10.7.3.1.8.7 The receiver shall use FAS data only if the FAS CRC for that data has

been verified.

9.10.7.3.1.8.8 The receiver shall only use messages for which the GBAS ID (in the

message block header) matches the GBAS ID in the header of the Type

4 message which contains the selected FAS data or the Type 2 message

which contains the selected RSDS.

9.r0.7.3.1.8.9

9. r0.7.3. r .8.9.1

Use of FAS data

Thc receiver shall use the Type 4 mcssages to determine the FAS for
precision spproach.

9.10.7.3.1.8.9.2 The receiver shall use the Type 4 messages to determine the FAS for
approaches which are supPorted by GBAS approach servicc 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
approaches which are supported by GBAS approach service type
(GAST) A associated rvith a channel nurnber between 40 000 and 99
999.

9.10.7.3.1.8.10 When the GBAS ground subsystem does not broadcast the Type 4
message and the selected FAS data are available to the receiver from an
airborne database, the receiver shall only use messages from the
intended CBAS ground subsystem.

9.10.7.3.1.9

9.10.7.3.1.9. r The receiver shall only use measurement blocks from Type I 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 l0l
messages that were received rvithin the last 5 seconds.

9 .t0.7 .3.1 .9.3 The receiver shall only use message data if a Type 2 message
containing additional data block I has been received and the RSDS
parameter in this block indicates that the GBAS positioning service is
provided.

9.10.7.3.1.9.4 The receiver shall only use messages for which the GBAS ID (in the
message block header) matches the GBAS ID in the header of the Type
2 message which contains the selected RSDS.

Conditions for use of data to provide tlrc GBAS positioning service

Integrity9 .t0.7 .3.2

9 .10 .7 .3 .2.1 Bounding of aircrafi errors. For each satellite used in the navigation
solution, the receiver shall compute a oreceiver such that a normal
distribution with zero mean and a standard deviation equal to oreceiver
bounds the receiver contribution to the corrected pseudo-range error as

follows:

Where

f(x) = probability density function of the residual aircraft pseudo-range error and

9.10.'1 .3.2.2 Use of GBAS integrity parameters. The aircraft element shall compute and
apply the vertical, lateral and horizontal protection levels described in
9.10.5.5.If a Bij parameter is set to the bit pattern "1000 0000" indicating
that the measurement is not available, the aircraft element shall assume that
Bij has a value of zero. For any active service type, the aircraft element
shall verify that the computed vertical and lateral protection levels are no
largerr than the corresponding vertical and lateral alert limits defined in
9.10.5.6.
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9.10.7 .3 .3

9.10.7.3.3.1

Use of satellite ephemeris data

IOD check. The receiver shall only use satellites for which the IOD
broadcast by GBAS in the Type I or Type l0l nressage matches the core

satellite constetlation IOD for the clock and ephemeris data used by the

receiver.

9.10.7.3.3.2 CRC check. The receiver shall compute the ephemeris CRC for each core

satellite constellation's ranging source used in the position solution' The

computed CRC shall be validated against the ephemeris CRC broadcast in

the Type I orType l0l messages prior to use in the position solution and

within one second of receiving a new broadcast CRC. The receiver shall

immediately cease using any satellite for which the computed and broadcast

CRC values fail to match.

9.10.7.3.3.3 Ephemeris error position bounds

9.10.7.3.3.3.1 Ephemeris error position bounds for GBAS approach services. If the

ground subsystem provides additional data block I in the Type 2
messages, the aircraft element shall compute the ephemeris error position

bounds defined in 9.10.5.8.1 for each core satellite constellation's ranging

source used in the approach position solution within ls of receiving the

necessary broadcast parameters. The aircraft element shall verify that the

computed vertical and lateral ephemeris error position bounds (VEBj and

LEBj) are no larger than the corresponding vertical and lateral alert limits
defined in 9.10.5.6.

9.10.7.3.3.3.2 Ephemeris error position bound for the GBAS positioning service. The
aircraft element shall compute and apply the horizontal ephemeris error
position bound (HEBj) defined in 9.10.5.8.2 for each core satellite

constellation's ranging source used in the positioning service position
solution.

9 .10.7 .3.4 Message loss

9.10.7.3.4.1 For airbome equipment operating with GAST C as the active service tyPe,

the receiver shall provide an appropriate alert if no Type I message rvas

received during the last 3.5 seconds.

9 .lO .7 .3 .4.2 For airbome equipment operating with GAST A or B as the active service

type, the receiver shall provide an appropriate alert if no Type I and no

Type l0l message was received during the last 3.5 seconds'

9.10.7.3.4.3 For the airborne equipment operating with GAST D as the active service

type, the receiver shall provide an appropriate alert or modify the active

service type if any of the following conditions are met:
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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 I message was received during

the last l.5 seconds.

b) The computed position solution is less than 200 ft above the
LTP/FTP for

the selected approach and no Type I I message was received

during the last 1.5 seconds.

c) The computed position solution is 200 ft or more above the
LTP/FTP of the selected approach and no Type I message was
received during the last 3.5 seconds.

d) The computed position solution is 200 ft or more above the
LTP/FTP of the selected approach and no Type t I message was
received during the last 3,5 seconds.

9.l0;l .3.4.4 For the GBAS positioning service using Type I messages, the receiver shall
provide an appropriate alert if no Type I message was received during the
last 7.5 seconds.

9.10.7.34.5 For the GBAS positioning service using Type l0l messages, the receiver
shall provide an appropriate alert if no Type l0l message was received
during the last 5 seconds.

9.10.7.3.5 Airborne pseudo-range measurements

9.10.7.3.5.1 Carrier sn oothing lor airborne equipment. Airbome equipment shall utilize
the standard IOO-second carrier smoothing of code phase measurements
defined in 9.10.5.1. During the first l0O seconds after filter start-up, the
value of o shall be either:

a) a constant equal to the sample interval divided by 100 seconds; or

b) a variable quantity defined by the sample interval divided by the time in seconds
since filter start-up.

9.10.7.3.5.2 Carrier smoothing of airborne equipment operating with GAST D as the
active service rype. Airborne equipment operating with GAST D as the
active service type, shall utilize 3O-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 fornt of the snoothing filter given in section 9.10.5 J is the same Jor both sets,
and only the tinte constant differs (i.e. 100 seconds and 30 seconds). Guidancc
concerning carrier smoothing for GAST D is given fu ANS Technical Standards Part II
Vol I, Attachment D, 7 .19 .3 .
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9 .t0.7 .3 .6 Service type speci/ic difJerential 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.r0.5.5.1. r .2).

Note.- The general /orn for the weighting used in the dilferenrial position solution is
given in 9.10.5.5,1 .1 .2. Exactly which informationft'om the ground subsystent is used in
the clifferentictl position solrtlion depends on the rype of service (i.e. positioning service
vs. approach service) and the active approach service type. The speciJic requirements for
each service type are defined in RTCA DO-253D. Atlditional infornrution concerning tlrc
normal processing of position information is given in Al/S Technical Standards Part II
Vol I Attachment D,7.19.

9.ll Resistance to interference

9.1I.I PERFORMANCEOBJECTIVES

Note I .- f'or unaugmented GPS and GLONASS receivers tlrc resistance to intet'ference
is measured with respect to the followittg perjormance parameters:

GPS GLONASS

Tracking error (l signru) 036 m 0.8 nt

Note 2.- This tracking error neither includes conu'ibutions 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 wilh respect to
parameters specified in
9.9.8.2.1 and 9.9.8.4.1 .

Note 4 .- For GBAS receivers, the resistance to interlerence is measured with respect to
paranrcters specified in
9.1 0.7.1 .l and 9.10.8.2.1 .

Note 5.- The signal levels specified in this section are defined at the antenna port.
Assttmed maximum aircraft antenna gain in the lower hemisphere is -10 dBic.

Note 6.- The perfornnnce requirements are to be met in the interference environments
defined below. This defined interlerence environment is relaxed during initial acquisition
o/ GNSS signals when tlrc receiver cannot take advantage of a steady-state navigation
solutiott to aid signal acquisitiott.
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9.11.2 CONTINUOUS WAVE (CW) INTERFERENCE

9.11.2.1 GPS AND SBAS RECEIVERS

9.11.2.1.I After steady-state navigation has been established, GPS and SBAS
receivers shall meet the performance objectives with CW interfering signals
present rvith 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 CPS and SBAS receivers shall meet the performance
objectives with interference thresholds 6 dB less than those specified in
Table B-83.

Table B-83. CW interference thresholds for GPS and SBAS receivers in steady state
navigation

Frequency range fi of
receivers
theinterference si onal

Interference thresholds for

in sterdv-stnfe nnvioetion

fisl3l5MHz
I 315 MHz < fi s I 500 MHz
dBw
l500MHz<fi<l525MHz
dBw
I 525 MHz< fi s I 565.42 MHz
150.5 dBw
| 565.42 MHz < fi < I 585.42 MHz
1585.42 MHz < fi s I 610 MHz
60 dBw
l610MHz<fi<1618MHz
dBw{,
1 618 MHz <fi <2 000 MHz
dBw,r,
I 610 MHz < fi < I 626.5MH2
dBw**
l626.5MHz<fi<2000MH2
dBw,r,*
fi>2000MH2

-4.5 dBW
Linearly decreasing from -4.5 dBW to -38

Linearly decreasing from -38 dBW to -42

Linearly decreasing f.rom42 dBW to -

-150.5 dBw
Linearly increasing from -150.5 dBW to -
Linearly increasing from -60 dBW to -42

Linearly increasing from 42 dBW to -8.5

Linearly increasing from -60 dBW to -22

Linearly increasing from-22 dBW to -8.5

-8.5 dBW

* Applies to aircraft installations where there are no on-board satellite communications
** Applies to aircraft installations where there is on-board satellite communications.
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9.1 1.2.2 GLONASS RECEIVERS

9.11.2.2.1 After steady-state navigation has been establishcd, GLONASS receivers
(except those identified in 9.1 I .2.2.1 .l) shall meet the performance
objectives with CW interfering signals present with a power level at the
antenna port equal to the interference thresholds specified in Table B-84
and shown in Figure 8-16 and rvith 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 I January 2017 shall
meet the performance objectives with CW interfering signals present rvith a

polver level at the antenna port 3 dB less than the interference thresholds
specified in Table B-84 and shown in Figure 8-16 and rvith 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
recelvers
theinterference signal

fi s I 315 MHz -4.5 dBW
I 315 MHz < fi s I 562.15625MH2 Linearly decreasing from -4.5
dBW to -42 dBW
| 562.1 5625 MHz < fi s I 583.65625 MHz Linearly decreasing from 42 dBW to -80
dBw
I 583.65625 MHz < fr s I 592.9525 MHz Linearly decreasing from -80 dBW to -149
dBw
I 592.9525 MHz < fi s I 609.36 MHz -149 dBW
I 609.36 MHz < fi < I 613.65625 MHz Linearly increasing from -149
dBW to -80 dBW
| 613 .65625 MHz < fi s I 635 . 15625 MHz Linearly increasing from -80 dBW to -42
dBw*
I 613.65625 MHz < fr s I 626.15625 MHz Linearly increasing from -80 dBW to -22
dBw**
I 635 .15625 MHz < fi s 2 000 MHz Linearly increasing from -42 dBW
to -8.5 dBW*
I 626.15625 MHz < fi s 2 000 MHz Linearly increasing from -22 dBW
to -8.5 dBW**
fi > 2 000 MHz -8.5 dBW

* Applies to aircraft installations where therc are no on-board satellite communications.
** Applies to aircraft installations where there is on-board satellite communications.

Interference thresholds for

steady-state navigation
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9.1t.2.2.2 During initial acquisition of the GLONASS signals prior to steady-state
navigation, GLONASS receivers shall meet the performance objectives
rvith interference thresholds 6 dB less than those specified in Table B-84.

9.I I.3 BAND.LIMITED NOISE-LIKE INTERFERENCE

9.I I.3.I GPS AND SBAS RECEIVERS

9.11.3.1.t After steady-state navigation has been established, CPS and SBAS
receivers shall meet the performance objectives rvith noise like interfering
signals present in the frequency range of | 575.42 MHz xBw'r/Z and rvith
porver 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 tlrc equivalent noise bandwidth of the interference signal.

9 .t I .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.

9.1 1.3.2 GLONASS RECEIVERS

9 .t I .3 .2.1 After steady-state navigation has been established, GLONASS receivers
(except those identified in 9.11.3.2.1.1) shall meet the performance
objectives rvhile receiving noise-like interfering signals in the frequency
band fk tBwil2, with power levels at the antenna port equal to the
interference thresholds specified in Table 8-86 and shown in Figure B-18
and with a desired signal level of -166.5 dBW at the antenna port.

9.11.3.2.1.1 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 I January 2017 shall
meet the performance objectives rvhile receiving noise-like interfering
signals in the frequency band fk tBwi/2, with power levels at the antenna
port 3 dB less than the interference thresholds specified in Table 8-86 and
shown in Figure B-18 and with a desired signal level of -166.5 dBW at the
antenna port.

Note.- ft is the centre lrequency of a GLONASS channel witlt fk = I 602 MHz + k x
0.5625 MHz and k = -7 to + 6 as defined in Table 8-16 and Bwi is the equivalent noise
b andw idt h of the inte rfere n c e s i gnal.

9 .t r .3 .2.2 During initial acquisition of the GLONASS signals prior to steady-state
navigation, the GLONASS receivers shall meet the performance objectives
with interference thresholds 6 dB less than those specified in Table 8-86.
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9.11.3.3 Pulsed interference. After steady-state navigation has been established, the

receiver 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 intcrference levels above those specified in
9.t2.

Note.- Guiclancc material on this requi,'enrent is given in ANS Technical Standards Part
II Vol I Attachment D, 10.6.

9.12 GNSS aircraft satellite rcceiver antenna

9.t2.1 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 0 to 90 degrees in elevation relative to the horizontal plane of an aircraft in
level flight.

9.t2.2 .dntcnna gain. Tte minimum antenna gain-shall not.be less-than thaLshown 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)I :Ot")+ffi
G(")

nrod 2

Wherc

k = the number of bits in the particular CRC;
M(x) = the information field, rvhich consists of the data items to be protected by the
particular CRC reprcsented as a polynomial;
G(x) = thg generator polynomial specified for the particular CRC;

Q(x) = the quotient of the division; and
R(x) = {16 remaindcr of the division, contains the CRC:
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k
R(*) : I.,*u-t : r'rxk-l + .r*"-'-l ... * ryxo

Table B-85. Interference threshold for band-limited noise-like interference
to GPS and SBAS receivers in steady-state navigation

* The interference threshold is not to exceed -140.5 dBWlvIHz in the frequency range I
575.42 x.l0MHz.

Table 8-86. Interference threshold for band-limited noise-like interference
to GLONASS receivers in

Interference bandrvidth
navigation

Interference threshold for receivers in steady-state

0 Hz < Bwi s700 Hz -r50.5 dBw
700H2 < Bwi s l0 kHz Linearly increasing from -150.5 to -143.5 dBW

l0 kHz < Bwi s 100 kHz Linearly increasing from -143.5 to -140.5 dBW

l0OkHz<Bwi<lMHz -140.5 dBw
I MHz < Bwi s 20 MHz Linearly increasing from -140.5 to -127.5 dBW*

20MHz < Bwi s 30 MHz Linearly increasing from -127.5 to -121.1 dBW*

30 MHz < Bwi s 40 MHz Linearly increasing from -l2l .l to - 1 19.5 dBW+

40 MHz < Bwi -119.5 dBW*

fntcrference bandwidth fnterferencc threshold

-149 dBW0Hz<BwislkHz
I kHz < Bwi s l0 kHz Linearly increasing from -149 to -143 dBW

-143 dBWl0 kHz < Bwi s 0.5 MHz
0.5 MHz < Bwi < l0 MHz Linearly increasing from -143 to -130 dBW

-r30 dBwl0 MHz < Bwi
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Table B-87. Interference thresholds for pulsed interference

GPS and SBAS
GLONASS

Frequency range for in-band and near band I 575.42 MHz t l0 MHz
MHz to I 609.36 MHz
Interference threshold (Pulse peak porver) -20 dBW
for in-band and near-band interference
Interference threshold (Pulse peak power) 0dBw
Outside the in-band and near-band frequency ranges
(out-of-band interference)
Pulse width sl25 ps

Pulse duty cycle sl?o
Interference signal bandrvidth for in-band >l MHz
kHz
and near-band interference

0dB

<250 ps

I s92.9525

-20 dBw

slVo
>500

Note I .- The interterence .rignal is additive white Gaussian noise cented around the
carrier fi:equency ancl with bandwidth-and pulse-clnracterislics specified in the table.. -.
Note 2.- In-bantl, near-band and out-of-band interJerence refers to the centre fi'equency
of the interference signal.

I
I

I
I

I X1 E@r 2J3 bps

Gold Gode Epochs
(r 000

Data (50 cps)

20 ms

1 023 1M3
I 02$bit Gold C

,0

>de (1 023 Kbpsl

,1

1 023 1V23

->
18

1ms

t9

Figure B-1. C/A code timing relationships
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StffiRAtlE I

SUBFRAIIE 2

SUBFRAIIE 3

SIEFRAME 4

(25 pages)

SUBFR,AME 5

(25 poges)

Figure B-2. Frame structur€

Figure B-3. TLM word format

I 2 3 4 5 6 7 I I t0rl1213t{15t01718192021nn2425frflnN$
Figure 84. HOW format

TLM H0u, OPS rcet rilnt€r, SV mmcl end heaffit

TLM HOW Eph€fiElbparame*rs

TLM HOW Eplmrubparambrs

lLM lCIl,V AfrlarEc and h6afi fi sahnes 2S'32, Sedal messagps,

sablteonlguatim. !4s, bruphonc ard UTC

TLM HOW Almanac ffi heeffi hsstetrtes 1-21 and atnamc rcfsenca

fineand OPSmd]ilrr&€r

Prcambb

000r011
2315678

Rss$reil

rsB Ls8

9 t0 lt t2 t3 il t6 10 17 t8 19 a) 2l n 23 21

my

fr262t429S

Toil munlmsssegs

+----- ----+
S&ltme

ID

Prf,y

+ --- -- +
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End/sbrtofwe* +l l-1.5r

103 t92 103 196 0123

Dechnl qtivalent of adnl IOW counls

4567

&iframeepch: 6s

m799 0 2

Decind eqrivalent ol HOV{ rnssap I0r# crunt

flfes'
I fo N n fid gountldtul,tE H(W d edtsrd$ame0d,ai6e ffur,atud fi)y/co(ot

2 Titoll()lfl,srL secmdmdheadl c[rnrp.
3. Tielru+yrEss{e lowarlcolrusdrE {Ills& d t|p-edd nW ilndil,est,ldrleredrffi{re.

5 lie fistslAhrB srfls srnolomBytdr rl0 fldffi dac,t +oo,l

Figure B-5. Time line relationship of HOW

OIRECTION OF DATA FLO'/V FROM SV 

- 

I,lS8 FIRST
ra) BrTs

TTORD WORD

Figure 8-6. Data format (l of I l)

3
noRo

PAGE
NO.

AUBFR T,C
NO. 31

l,tA

crA oR P ON L2 - 2 B|TA
URAINOEX-4BITS
SV HEALIH -8 BTA

...RE6ER^/ED

P.6 ITARIW BITE

t .2 IIoI+INFORTIAIION EE.ARING BITA USEO FOR PARITY COIEUTATION
C t Tl U ArS 23 ANn ,l wHlcx ARF PFAFRVFD

NJA

L2POATAFLAG-T AIT

2 MSBr-IODC - l0 8ra TOTAL

OIRECTION OF OATA FLO/Y FROM SV rAiB FIRST

r50 Brrs 3 SECONAS
V\ORO qtstryORD 7+lr-r,\'ORO 8 +l+ woRDg+F-r,lroRo ro-*l

r97 211 9

- 8 LSBS 

- 

|OOC _ 10 B|TS rOTAL
i

P P

l{"
ILM

22 8116

Holil

22 8IT6
P

WI
10

BITS

P 23 BtrS'' 24 BtTS.-

P
.o

22 BITA
P24 BrTS-' P 16gtT6-'

,* l,
r Brrq

bc
16 BITS

P
t12

8 BIIIi

afl
'16 BITS
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DnECIIOft OF 0ArA FLOW FRo[a 8V- [68 F|RST

r50 BtTs- ssEcotm

PAGE
N0.

2

otnEclrofi 0F oATAEo&,fRom Gv_ i|88 FIR6T

t50BrT8-3SECO{oS

2

e-32 BI8

P=6 FARITY BlI8

I . I NO&}fORIIANOT{ BEARNG ffT8 L6E) FOR PARTY CONfi,TATICI{

C =lLll BTB 23 /$10 21 tltllGlA8E RESER\ED

Figure 8-6. Data format (2 of I l)

235t

$NFRAIf,
N0.

r+lr-',l,ono z {<-wonO S--l- woRD rl+-wonoc--{

M6 - 32 EfIS TOTAL

ruA

--1

N'A

4.-t/toRo 7-+l*-,rmo a--+lenono e--{.- tIoRD 1o-rl

6-uans
FTI NIERIAI FTA6 _ 1 BTT

1000-5sG

ILM

22 BIIS
P

KXIY

22 BITS
P

tooE
I

tr?s 16 B1T8

q3
P

Atl

t8 8]TS
E

B]b
P 2{ B{T8 P

{6 Bn8

cuc
E

BITS
P 21 8]T8 P

18 BITS

cut
0

dxs
P z trT6 )

loe

16BnS
P
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WORD

SUBFRAJT,IE PAGE
NO. NO. 31 12t 137

3 wA

liSBs

Srg - 32 BITS TOTA io-32 BITS TOTAL---J

D|RECTION OF DATAFLOVY FRoII SV- MSB RRST

t50 Bns- 3 sEcot{tB
6+[+woRD 7+t{-wono 8-+f-'rvORD S+I+WORD 1o--rl

15r 211 24',1 271 219

N/A

CD_32 BITS TOTALI io-32 Btrs TorAL

P=6PARITYBTS
t = 2 NOI+INFORIATION BEARING BITS USED FOR P RITY COMPUIATION

C = ILM BITS 23 AND 24 WHlCtl ARE RESERI/ED

Figure 8-6. Data format (3 of I l)

P
HOl'

22 BITS
P

16 BITS

Q"
8

BITS
P 21 Etrs P

16 BITS

crg
8

BIIS
P

TLM

22 BIIS

PP
Urc

I8 BITS
8

BITS
P 24 BITS P

24 BnS

rl
P I

EITI

IDOT
t4

BITS
24 B|TS
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oxtECflON OF OATAFLOW FROM W_ r|88 FrRsT

150 Br8-3 SECO|IDS

woRD 1-----'F-woRD2 3--{<-vroRo +-*1"-wonosl

63 8E)

DATA ID _2 BITS

sv tD -6 6r/

D|RECT|ON OF OATA FLOW FROM 8V _ MSB FTRST

150 BnS- 3 SECOT{DE

8i<-woao e-rl<-woRD 7-+t ,oRo woRD g-{.-$loRD
151

5 THRU

ap - ll BITB

a6 - 11 BITS TOTAL

P=6PARITYBIIS
t = 2 NOI+INFORITIATION BEAIUNG B]TS IJEED FG PARITYCOITiPT'IATIOil
C = TLM STS 23 A{D 24 WHICH ARE RESEFVED
lJote.-Pt96e3,4S,T,S,9grtdl0olcublrcrrplhrlathcanplqnntcso4geslilvangh2lofs0ltrnroS.

Figure 8-6. Data format (4 of I l)

--l
qJBFRAItr
NO-

PAGE
NO.

I
TTIRU

24
5

2g)

24

I

TLM

22BITS
P

lffcw

22 BlTs
P

e

16 B|TS
P

lo"

B 8IT6 IB BITE

6r
P

18 ilTA
o

] BITI
P

/-e
2it BITS

P
rb

2{ B|TS
P

o)

2{ BITS
F

24 BITS

tb
P P

3
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oIIRECT|ON OF DATA FLOW FROM SV- [,198 FIRST

tsoEtTs-SSECoNDS

SUBFRAII,IE PAGE

't51

5

.. RESERi/ED FORSYSTEM USE
... RESERI/ED

P=SPARITYBTE
t = 2 NOiI-INFORMATION BEARII.IG 8ItS USEO FOR PARITY ColrPt TATlOl.l

C = TLM E|TB 23 Al.lD 24 WHICH ARE RESERVED

Figure 8-6. Data format (5 of l l)

wono r+[+woRD 2+l<-wono 3J+- vroRoa+Fv\QRDs{

121

OATAID_28ITS
SV (PAGE) ID - 6 BITS

WORD

18r 211

3 BITS "'

z5

6V HEALTH
A RTTT/R\,I

SV HEALTH
4 FIITA/AV

P
HOW

22 BITS
P

68 vvrt

3V
I

SV
)

SV
I

SV
A

P
9VISVql A

SV IS!
7l I

P
ILM

22 BrrS

SV HEALIH
a RlTsr.st

SV HEALIH
a n]Ts/s1/

SV HEALTH
B RITA'.SV

SV HEALTH
B BrS.rSV

P
lt'
I

w
tn

P P 19 BITS' P
SVIsi\/.tol {r

SV
1)

P
SVISV
r3l .td

svl
rsl

sv
t6
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D|RECTIoN OF 0AT FLorrV FROM SV_ itSB RmT
150 8r8_ 3 SEcoM)S

8T.,8FRAI[E PAGEllo. NO.

wm t+f+YvoRo 2+|.-woRD 3+1ts woRD

31

1 r, 6, t1,
16&21

DATA ID _2 BITS

sv (PAGE) 10-6

1.6, 't1,

16&2',1

" RESER\EO FOR SYSIEM t,,88

". RE6ER'ED

P'6PAR|TYS|TS
I = 2 ll0lfltFORtitAn0.l BAqRNG ETA USED FOR PARITY @ITPUTAION
C = Tt,{ BITS 23 AM) 24 WHICH ARE RESERI/EO

Figurc 8-6. Data format (6 of I l)

D|RECT|o}I OF DATA FLOW FROtt 8V_ iISB FIRST

150 BnS- 3 SECOiDG
woRD e+F-u/oRo 7-+trrono a.+p-- woRD S--+,.-W.RD ,o{-

A1181

1

TL'il

22 BITS
P

HOW

22 B|TS
P 18

BlT8.-
P 24 Br9" P 2!t BITS'" P

8T6
24 BITS'.' P 2il BITS.- P 2.8ns,' P t8

8ITS.-
P 22 Br8* P



2356 Kcnya Subsidiaty l*gislation, 20 I 8

ffiEcllqil oF txTA [Otv FRoM sv- M68 FIR8T-]
.5c3's-3SE!CrES rl

h-wono r--+lF,.rronD z-+F'roRD l+l+rtocol+|.-wof,o 5 -{

q.BFRAIE RAGEr0. tlo.

12, 18,20,
2.nd24

12, rg. 20.

2.zl421

OATAID-2AIE
s/ (PAGE) rD -8

roRo &+IFwORD

DRECITO}{ tr DATAFLOIV FROII 8v-- IEB RRST

rsBrs-3
urPnOs+|.-rtoF[)

1

. NEBERYEDrcRS's]EHI'88
". REOERVED

P.8 ilRTY 8lT8
I 12 tOl{.lllFORMA'nOfl EEARING 8II8 USED FoR mRrY COIPUTAIIoN

C . ILIrI BITB 23 IND 21 WH|CH ARE RESER\ED

Figurc 8-6. Data format (7 of 1l)

Pl8
BIT€'

P 24 BrT8"' P 21 8tTs',-
TLM

22 BiIS
P

llO,V

22 B1IS
P

8"'
BT8

P21BIm'' P 't6
ET8'

P z8rT8"24 8n8"' P a8r8"' P
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rvono ri+rrvom z{<-wono s-rl+ rriqoL+tYoRos-+l
DRECTm OF DATA FrOi'V FROil 8V- t88 FIR6T

lS0BlrB-3sE@Mb

oREgnolt 0f DATAFLoIV FRoU 8V- ll88 RRET

150 BITS

---l

---1

SIJSRAME PAGE
I\O. tlo. 3r

1 18

OATAD -2 flTS

8'/ (PAGE)t0-8 g16

3

151

1 l8

fu-32 8rT8T0TA

- RESERYEDFORSYAIEXIEE

P= SPAHTY B|IS
t = 2 t{Oltl-lt{F0$r+$0N BEARI'G HIA 1EEI FOR RARTY OOllPUrAnO{

C : nM B|TS AAM) 21 ffiIelrRE RESm,Eo

Figure 8-6. Data format (8 of tl)

woRD q{-hoRo z-+f --nono wonoe-+f-nmro-+l

sitsr

a0

E
Bns

ctl

0
BIIE

clz.

I
ilI8

d0

I
IIIS

h
I

3tN
P

Pt

0
ilIs

hl
EIP

a16l

Illrt

ZI EITS

P
l(}vv

28IT8
P

%
I

BITS

0

vrrt
0

BM

oil
E

rG

Als
8

gIB

toa

I
BN2ll B1T8

A1
P

2a8tT8
P 0

&$
P 8

B'I8

llrst
I

BIB

lr
EI8-
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9IRE6IION OF DATA FtOryV FROM SV 

- 

lrSB FIRST -__--.|
r6E^ar^6-l

l*-woao r--rl+-nono z------+f-wono s-f- wono r--rf-woRD 5-+l

6t
SUBFRAME PAGE

NO. NO. 3l

DATA IO _2 BITS

sv (PAGq rD - I STS

Il 121

4

4

25

oF DATAFLovV FROM SV- tiSE F|RST

150 BITS- 3 SECoNDS

rr/oRo s+f-$oRD 7--+Fw0R0 s-{+ woRD s-+FwoRo t0J
81

2BIS" WTEALIH _6 BITS

1B|TS -

---J

227

E

. ffisER1/ED FOR SYSIEM I,,SE

P=BPARTYBTIS

t = 2 ltOiFhF(RM IION BEARING BITS IEED FOR PARITY CONPUTATIOi{

C = Itll BITS 23 /$D 21 UlltlCtl ARE RESERI/ED

Figure B-6. Data format (9 of I l)

A€POOF &
qv adNEki

A.SPOOF E
sv a6NEtli

A.SPOOF E
tv coxncTLM

22 8tr9
P

HOW

22 BrrS
P

11',ll1l'l
P

ivlrvisvbvtsvtsv
!l .l ?l rl el r!

P P

A€POOF T
sv c6xna

A€POOF E
-.lv c6NFlG

A.SPOOF

P

25

SV HEALTH
6 B|TSTSV

SV HEALIH
I8tT3r3V

3V
32

3vlsvIsvlSrlst lgv
nl rrl rel zolarl z

P
8t
2l

5rl lvl
2.lc

t!
2l

5
2 fl

P sv
26

3V
27

8V
2g

gv
29

P
9V
30

SV
31

P
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SIBFRAUE PAGE

OtRECTtOl OF OATAFTOW FROM 6V_ ilSB RRST_____J

|<- wm t--+f-rcno z-+f-rrmD 3--+l+',yoRo1--{+-woRD 5 -+l

DATA ID -2 BTTS

w(mcElo-8 BtrE AVA[A8|LI[Y IMICATOR -2 BITS

oFDATA FLO,V FROM 8V_ [#tB RRST
l508II8-3sECOS{oS

wOno eJ-woRD 7.+f-r#oRD s+F-$rcRD9-.F-SORD t0
-.1

181 21r 211

llrt131tlo,t{o.

1 t3

2f1l5i

I t3

P'8PffiTY&IE
t 32 NOI-r{FORt'tAn0il 8€ARltlc BIIE t SED rOR p RtTy COTPUIAIIoN
C: ILilTBITB 23Al.l0 24 WHIOH AAE RESERVED

Figurc 8-6. Data format (10 of I l)

ITM

22 B|TS
P

HOW

22 BrrS
P P P

I
?

I
a

tI
a
a

I
I

Ito
!
a

t

t!
I
t
a

!

,

a

P

B

I

I
I

t
I
a

It

T
I
a

tI

T
I

,
I

B
I
I

T
I

P
0
I

t
!

I
a
a

tt

o
I

I
I

t
I
a
i
?
I

a!
,
!t
a

P
!tt

I
I

I:
a
a

I

t
I
a

I

t,t
f
t

P
!t
I

t
t

I
I

t
I

I
i
I
I

I
!
I
I
a
I

P I,
lI

III
t
I

T
It
a
I

P
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WORo l-|

OIRECTION OF OATA FLOW FROM SV- ma rrnsr---1

*onor-----* p-wonosl

PAGE
NO.

SUBFRA}IE
NO.

DATAIO-2BITS

$/(PAGE) rD- 6

69 91

DIRECTION OF DATA FLO,V FROM SV

150BrTS-3SECOiIDS

31 2r

1.- -

r1, l5
a t7"

lil, ts
E-17'r.

- 

MsB Frnsr---l

4.- woRo 7....-.-{<-woRo s--+F- ttq1,g*;*,r*O*O ro-*l

51

.I}IEIITDTCAIEDPORIIo|{SOF\AORDS3IHROT.IGIIIOOFPAGES14ANDI5ARERESEfiIVEDFORSYSTEMUSE.WHILE

IHOSE OF PAGE 17ARE RESER\ED FOR SPECIAL MESSAGES

P=6PARITYEITS

t = 2 NON-NFORI{AIIo.,I BEARING BIIS USED FoR PARITY COilPUIATION

C = TLM BITB 23 AND 24 ffilOrl ARE RESERVED

Figure 8-6. Data format (l I of I l)

PP 24 BITS- P 24 BITS"P
HOW

22 A|TS
P 't6

BITS"

TLM

22 BtTg

22 BrTS" PP 24 BiTS" P,l 24 B[TS" P 2/t BITS"24 B|TS"
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2s

30s

code tib

6

o
il

!''J

1
=c
6'

Itt

8it nwnber
within string

Data bits
in r€lativo

bitinary code

tn

ta+inary codo

Figure B-7. Superframe structure

1-0.3-r->Frana nwnber Stdrg nun$er

1 0 lo( MB
0 KX MB

J u KX Mtt
4 0

lrvnediate data

for
trrumiting

satallite lo( MBI

15 0

llonjrmndde data
(atrEnao)

h
fiw salellilsc lo( MB

1 0 KX ME
2 o to( llB

0 KX MR
A 0

lnvmdato dala
tu

trrrsm'ttirg
3etellite xx MBu

t5 0

Non-irrnedbte data
(alnaac)

b.
five satefiles to( M8

1 0 KX ME
2 o lc( IIB
3 n lo( MB
1 0

lrnmediats data
for

hrllsitirg
satelib to( MBIII

t5 0

l{on-inmodatedah
(6lrauc)

hr
fv€ latdflas KK M8

1 0 KX Hts
0 KX ME
0 KI M8

I 0

lnrrrdiate data
fc.

hao!fiittirg
lst€litg to( MBrv

15 0

Non-inmdbtedata
(alnruc)

fo,r

frve rateliles to( MB
1 u to( Mtt

n KX
3 o lo(
1 0

bdrsnturrE
rela{ile

lnfiEdsto dala
Icr

to( MB

l.lo*irrrrdble dala
(*ltnac)

63
hrr salClites

t4 0 Rgmedbih lo( MB

v

15 0 R656rYod titg to( [,lB
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2.0 s

l-7 s 0.3 s

85 I I 2ti
I
I(-
I
I

tlata bits in relelive br-brnary ----i<-Hgrming -'.code i oodo Gfi€ct :

i bils (l-8) :

I in relative l
i bi-binarycoae i

Charaderinrxnbers wilhin sldrc

Nole.- T6= time dudim lor earh chip

]]ne rurk
ftc = 10 rp)

t111100... 110

t____---ttt--ll
tlah bits and check tfb in bi-binary code (T" = 10 ne)

Figure B-10. Data string structure

Figure B-l l. Convolutional encoding

Figure B-12. Data block format

G4 (1011011)

Dala
olrFul $y,mbols

(250 blts/s)
500 symbolsls

(Aterna[rE G3rG{)

S)4rtol
G3 (1111001) dod(

<- DIRECTION OF DATA FLOVY FROII SATETLITE:- 
MOST SIGNIFICANT BtT (TISB) TRANSIIITTED FIRST

250 BITSISECOND

6-8rT MESSAGE TYPE TDENTIFTER (0-53)

8.BIT PREAMBLE OF 21 BITS TOTAL IN 3 CONTIGUOUS BLOCKS

2'l-BlT
cRc

t
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.1,

t
0,

& Tr,l

0 --*rtrt 
l

)ur

lt'*
)",

d),nn )-t

USER'S IPP
turr(0rr, f,rr)

A0*: {rr- 0,

Figure B-l3.IGP numbering convention (four IGPs)
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-Lr

l,

t
0,

USER'S TPP
T"oe(0ee, luee)

0' +x
9vZ l'*

rr tr?

I

I
I

A$*

&ro ?"1

= 0*-

Figurc B-14. IGP numbcring convcntion (thrce IGPs)
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Figure B-15. CW intcrferencc thrcsholds for GPS snd SBAS rcceivers in stcady-statc
navigation
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4.5 0

.l40

tm
13m 1400 t500 1 G00 { 700

Frequency &fHzl

r8ff) 1900 2m0

Figure 8-16. CW interference thrcsholds for GLONASS receivers used for prccision
approach
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SrnC, P8F

IPSF: Pulse Shaplng Fllter
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Figurc B-19. Examplc data modulation
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